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PREFACE. 


IN  undertaking  a  work  upon  Applied  Anatomy  my  object  has  been  to 
provide  an  account  of  the  regional  anatomy  of  the  human  body  in  its 
more  important  applications  to  Medicine  and  Surgery.  It  has  been  my 
conviction  for  many  years  that  the  subject  of  anatomy  might  with 
advantage  be  taught  to  students  of  medicine  more  from  the  applied 
standpoint  and  less  as  an  abstract  science.  Some  years  ago,  at  the 
instigation  of  Professor  Cunningham,  a  course  of  lectures  in  Applied 
Anatomy  was  made  obligatory  in  the  Medical  School  of  Trinity  College, 
and  has  been  productive  of  the  most  gratifying  results.  Were  anatomical 
teaching  conducted  more  generally  on  these  lines,  it  would,  I  have  no 
doubt,  help  to  bridge  over  the  wide  gap  which  separates  the  dissecting 
room  from  the  surgical  theatre,  and  render  the  transition  from  the  one  to 
the  other  less  abrupt ;  the  subject  would  possess  more  attraction  for  the 
student,  it  would  be  more  easily  remembered,  and  certainly  more  useful. 

Although  I  have  endeavoured  to  treat  the  subject  of  Applied  Anatomy 
in  a  general  way,  yet,  in  the  main,  the  book  is  surgical ;  indeed,  in  some 
respects  its  scope  might  have  been  more  correctly  expressed  by  giving 
it  the  title  "  Surgery  from  the  Anatomical  Standpoint." 

The  general  plan  adopted  in  the  arrangement  of  the  text  is  one 
which  I  have  found  by  experience  most  popular  with  students  in  the 
lecture  theatre.  Each  region  is  introduced  by  a  concise  account  of  its 
topographical  anatomy,  developmental  details  being  supplied  where 
necessary,  and  subsequently  the  more  important  lessons — medical, 
surgical,  and  pathological — which  are  to  be  derived  from  it  are  presented 
for  consideration. 

To  the  Surgeon  an  accurate  knowledge  of  anatomy  is  not  only 
desirable — it  is  a  matter  of  absolute  necessity.  Such  knowledge  favours 
correct  diagnosis  in  many  cases  by  affording  valuable  aid  in  the  inter- 
pretation of  symptoms  ;  it  ensures  clean  cutting  and  neat  operating, 
instead  of  clumsy  manipulations  and  harmful  damage  of  tissues.  It 
enables  the  Surgeon  also  to  carry  out  the  principles  of  conservative 
surgery  in  the  fullest  sense  of  the  term ;  it  puts  him  in  a  position  to 
plan  his  incisions  to  the  best  advantage,  and  to  avoid  unnecessary  injury 
of  those  parts  which  it  should  be  his  object  to  leave  intact. 
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Probably  at  no  period  in  history  has  anatomy  been  so  closely  bound 
up  with  surgery  as  at  the  present  day.  When  performed  under  strictly 
aseptic  conditions,  operations  of  great  magnitude  are  now  possible.  In 
many  instances  these  partake  largely  of  the  nature  of  elaborate  and 
carefully  planned  dissections  ;  particularly  does  this  apply  to  the  eradica- 
tion of  malignant  disease  in  the  different  parts  of  the  body — breast, 
rectum,  etc.  etc.  The  operative  surgery  of  the  tympanic  region,  as 
carried  out  in  recent  years,  has  resolved  itself  largely  into  an  exercise  in 
the  intricate  anatomy  of  the  temporal  bone  arid  its  surroundings. 

In  the  production  of  this  work  it  has  been  my  aim  to  provide  a  series 
of  illustrations  which  should  possess  a  thoroughly  practical  value  com- 
bined with  accuracy.  With  few  exceptions,  the  sources  of  which  are 
fully  acknowledged  in  the  text,  the  figures  are  original,  and  have  been 
drawn  from  specially  prepared  dissections  and  from  specimens  in  the 
Medical  School  of  Trinity  College,  by  Mr  James  T.  Murray,  of  Edinburgh. 
To  this  highly  accomplished  artist  I  am  deeply  indebted  for  the  zealous 
and  painstaking  care  which  he  has  bestowed  upon  his  difficult  task.  In 
order  to  enhance  the  value  of  the  dissections  which  are  interspersed 
throughout  the  book,  each  figure  is  provided  with  a  concise  explana- 
tory note  in  which  attention  is  directed  to  the  particular  points  which 
the  dissection  is  meant  to  represent. 

In  the  preparation  of  specimens  for  dissection  I  have  made  extensive 
use  of  formalin  injection,  which  has  proved  such  a  valuable  reagent  for 
hardening  the  various  tissues  in  situ.  In  determining  the  topography 
of  the  abdominal  and  thoracic  viscera  this  reagent  is  of  special  value,  as 
it  provides  an  accurate  means  of  determining  the  shape  and  the  respective 
areas  of  contact  of  the  viscera  at  the  time  of  death. 

While  the  book,  as  it  stands,  is  mainly  intended  for  senior  students, 
who  have  just  completed  their  courses  of  dissection,  and  whose  memories 
are  stored  with  general  anatomical  details,  it  has  been  my  desire  that  it 
should  possess  a  real  value  for  the  specialist  and  for  the  general  prac- 
titioner, and  that  it  may  enable  those  whose  knowledge  of  anatomy  has 
grown  somewhat  dim  to  refresh  their  memories  without  any  excessive 
expenditure  of  time  and  labour.  To  those  also  who  are  engaged  in 
preparation  for  the  higher  examinations  in  medicine  and  surgery  I  trust 
it  may  prove  a  useful  help. 

I  am  much  indebted  to  Professor  Bennett  for  allowing  me  to  have 
free  access  to  the  large  collection  of  specimens  in  the  Surgical  Museum 
of  Trinity  College,  and  for  many  valuable  suggestions. 

I  desire  to  express  my  warm  thanks  also  to  Dr  T.  G.  Moorhead  for 
the  unremitting  care  he  has  bestowed  upon  the  revision  of  the  proofs,  to 
Dr  R.  A.  Stoney,  late  chief  Demonstrator  of  Anatomy  in  Trinity  College, 
for  much  valuable  help  in  the  preparation  of  certain  of  the  dissections, 
and  to  Dr  L.  Werner  for  kindly  reading  over  the  proofs  of  the  section 
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relating  to  the  eye.  To  Professor  Cunningham,  however,  above  all,  I 
beg  to  tender  my  warm  thanks  and  to  express  my  fullest  acknowledg- 
ments for  the  facilities  he  placed  at  my  disposal  in  the  Anatomical 
Department  of  Trinity  College,  and  for  the  great  interest  he  manifested 
in  the  progress  of  my  labours. 

It  is  not  possible,  I  fear,  to  name  individually  many  others  from  whom 
I  have  received  helpful  assistance.  I  have  striven,  however,  to  indicate 
the  sources  of  my  indebtedness  in  the  text,  but  should  I  have  failed  in 
any  instance  to  do  so,  I  hope  it  will  be  regarded  as  an  oversight  rather 
than  as  a  gratuitous  omission  on  my  part. 

Lastly,  I  cannot  speak  too  highly  of  the  way  in  which  Messrs 
Charles  Griffin  &  Co.  have  carried  out  all  the  details  relative  to  the  publi- 
cation of  the  work.  It  affords  me  much  pleasure  to  tender  them  my  best 
thanks  for  the  readiness  with  which  they  have  on  all  occasions  fallen  in 
with  my  views,  and  for  the  kind  consideration  extended  towards  me  in 
view  of  the  somewhat  protracted  period  required  for  the  completion  of 
my  undertaking. 


29  LOWER  BAGGOT  STREET, 
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APPLIED    ANATOMY     ; 

PART    I 

THE   HEAD  AND    NECK. 

THE  head  consists  of  two  parts,  quite  distinct  from  each  other,  as  is 
shown  by  their  development,  their  normal  and  pathological  anatomy, 
and  by  their  physiological  functions.  The  first  of  these  corresponds  to 
the  cranium  and  its  contents,  the  second  consists  of  the  face. 

The  cranial  segment  is  covered  and  protected  externally  in  the 
greater  part  of  its  extent  by  the  scalp ;  on  each  side,  however,  at  the 
level  of  the  temporal  fossa  it  is  covered  in  addition  by  the  temporal 
muscle  and  by  the  strong  temporal  fascia.  By  its  lower  aspect  it  is 
related  in  front  to  the  framework  of  the  face,  and  behind  it  rests  upon 
the  vertebral  column.  In  the  account  which  follows,  its  different  parts 
will  be  reviewed  in  the  following  order: — (i)  The  Scalp.  (2)  The 
Cranium.  (3)  The  Cranial  Contents,  viz.,  the  meninges,  meningeal 
vessels  and  venous  sinuses,  and  the  brain. 

The  Scalp. — The  line  which  indicates  the  junction  between  the 
cranium  above  and  the  facial  region  below  can  be  made  out  as  a  rule 
without  difficulty  in  the  living  subject.  Commencing  in  front  at  the 
naso-frontal  groove  (nasion\  it  follows  the  supra-orbital  margin  to  the 
external  angular  process,  from,  which  it  is  continued  backwards  along 
the  posterior  border  of  the  orbital  process  of  the  malar  bone  and  the 
zygomatic  arch  to  the  external  auditory  meatus.  The  junction  between 
the  vault  and  basal  portion  of  the  cranium  is  indicated  by  a  line  com- 
mencing behind  the  pinna  at  the  tip  of  the  mastoid  process,  and  follow- 
ing the  superior  curved  line  of  the  occipital  bone  backwards  to  the 
external  occipital  protuberance.  Above  this  line  the  outer  surface 
of  the  cranium  is  invested  by  the  scalp  ;  below  it,  there  is  a  much 
more  extensive  covering  of  soft  tissues  provided  by  the  muscles  of 
the  neck. 

The  prominent  flat  surface  occupying  the  middle  line  immediately 
above  the  naso-frontal  groove  is  called  the  glabella.  The  supraciliary 
ridges,  which  are  directed  outwards  from  it,  correspond  to  the  forward 
projection  of  the  frontal  air  sinuses,  but  at  the  same  time  it  is  to  be 
noted  that  their  degree  of  development  is  by  no  means  a  true  index 
of  the  extent  of  these  air  chambers,  which  may  attain  considerable 
dimensions  without  any  corresponding  degree  of  prominence  of  these 
ridges.  A  faint  depression,  the  frontal  groove,  follows  the  middle  line 
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of  the  forehead,  and  the  frontal  eminences  which  lie  on  each  side  of  it 
vary  greatly  in  their  degree  of  prominence  in  different  individuals  ; 
occasionally  they  are  unsymmetrical.  The  junction  of  the  frontal  and 
parietal  bones — coronal  suture — may  sometimes  be  felt  as  a  ridge  running 
downwards  on  each  side  from  the  vertex,  and  in  bald  heads  it  is  often 
distinctly  visible ;  the  same  is  frequently  the  case  with  the  lambda 
and  lambdoid  suture  behind,  between  the  occipital  and  parietal  bones. 
The  temporal  ridge,  which  limits  the  temporal  fossa  superiorly, 
commences  in  front  at  the  external  angular  process,  and  at  first  can 
be  quite  easily  detected  beneath  the  skin,  but  as  it  arches  back- 
wards to  its  termination  in  the  mastoid  region  it  gradually  becomes 
less  distinct  and  indistinguishable  to  touch.  Immediately  above  the 
fronto  -  malar  articulation,  viz.,  at  the  commencement  of  the  ridge, 
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FIG.  I. — Diagrammatic  representation  of  the  layers  of  the  scalp,  the  cranium,  and  the 
meninges  of  the  brain.  Note  the  sutural  membrane  between  the  opposing  margins  of  the 
bones,  and  the  Pacchionian  bodies  projecting  into  the  superior  longitudinal  sinus. 

there  is  a  depression  called  the  orbito-temporal  angle,  and  about  half  an 
inch,  on  an  average,  higher  up,  the  ridge  is  crossed  by  the  anterior 
branch  of  the  superficial  temporal  artery,  which  is  often  plainly  visible 
and  very  tortuous  in  old  people.  In  former  days,  when  bloodletting 
was  common,  this  vessel  was  frequently  selected  for  arteriotomy. 

The  scalp  is  usually  described  as  consisting  of  five  layers,  viz.,  the 
skin,  subcutaneous  tissue,  occipito-frontalis  muscle  and  its  aponeurosis, 
some  lax  subaponeurotic  connective  tissue,  and  the  pericranium  or 
periosteum.  From  the  applied  standpoint,  however,  it  is  better  to 
consider  the  first  three  strata  as  forming  a  single  layer — the  scalp 
proper — seeing  that  they  are  intimately  fused  and  move  together. 
When  flaps  are  detached  in  the  course  of  operation,  or  when  the  scalp 
is  wrenched  off  by  accident,  all  three  remain  connected  as  one  layer. 

The  Skin  of  the  Scalp  is  not  of  uniform  thickness  throughout ; 
it  is  moderately  thin  over  the  frontal,  temporal,  and  mastoid  regions, 
but  attains  its  maximum  development  in  the  occipital  region.  Its 


connection  with  the  underlying  tissue  is  very  intimate,  and  students  of 
anatomy  are  well  aware  of  the  great  difficulty  which  attends  its  separa- 
tion in  the  ordinary  course  of  dissection.  Over  a  large  part  of  its 
extent  it  is  covered  with  hair.  The  latter  exceeds  the  limit  of  the 
scalp  behind,  and  encroaches  for  a  short  distance  upon  the  nape  of 
the  neck.  On  close  inspection  it  will  be  observed  that  the  hairs  as  they 
emerge  are  arranged  in  little  groups  of  three  or  four,  and  not  uniformly 
distributed  over  the  surface  ;  they  traverse  the  skin  obliquely,  and  their 
follicles  are  embedded  in  the  subcutaneous  tissue.  The  skin  of  the  fore- 
head is  traversed  by  several  transverse  furrows,  which  are  caused  by 
the  action  of  the  frontales  muscles  ;  they  are  greatly  accentuated  when 
these  contract,  and  when  the  muscle  on  one  side  is  paralysed,  the 
corresponding  side  of  the  forehead  becomes  much  smoother  and  the 
brow  droops  to  some  extent.  Two  vertical  furrows  are  seen  at  the 
lower  part  of  the  forehead,  one  on  each  side  of  the  root  of  the  nose ; 
they  depend  upon  the  action  of  the  corrugator  supercilii  muscles,  and 
are  brought  strongly  into  evidence  in  that  characteristic  attitude  of 
the  features  which  is  popularly  alluded  to  as  knitting  of  the  brow. 
Throughout  the  entire  scalp  the  skin  has  an  abundant  arterial  and 
lymphatic  supply ;  the  former  is  derived  from  the  vessels  in  the 
subcutaneous  tissue,  but  the  lymphatics  are  found  to  originate  in  a 
dense  plexus  of  minute  radicles  situated  in  the  region  of  the  vertex. 
The  larger  trunks  which  issue  from  this  plexus  follow  a  downward 
course,  anastomosing  freely  with  each  other,  and  receiving  tributaries 
on  all  sides.  The  anterior  vessels  descend  from  the  forehead  to  the 
face,  where  some  terminate  in  the  parotid  glands  ;  others  cross  the  lower 
jaw,  however,  and  reach  the  submaxillary  glands.  The  lymphatics 
from  the  lateral  territory  of  the  scalp  may  be  traced  in  part  to  the 
parotid  glands,  but  a  large  number  reach  the  mastoid  glands  behind 
the  ear.  The  lymphatics  which  traverse  the  occipital  region  terminate 
in  the  mastoid,  suboccipital,  and  deep  cervical  glands.  These  vessels 
have  an  important  relationship  to  certain  forms  of  disease ;  in  erysipelas 
for  instance,  the  microbic  agents  of  the  inflammation  {Streptococcus 
erysipelatis)  are  found  in  the  lymph  channels  in  large  numbers.  Again, 
it  is  quite  a  common  occurrence  for  the  lymphatic  glands  which  are 
connected  with  the  vessels  of  the  scalp  to  undergo  inflammatory 
•enlargement,  following  ulcerative  processes  of  various  kinds  over  any 
part  of  the  surface  of  the  head.  In  young  children,  especially  those  of 
the  poorer  classes,  enlargement  of  the  mastoid  glands  is  frequently  the 
result  of  eczema  affecting  the  skin  behind  the  pinna. 

The  skin  of  the  scalp  is  abundantly  supplied  with  sudoriparous  and 
sebaceous  glands ;  the  latter  are  embedded  entirely  in  the  substance  of 
the  skin,  and  the  orifices  of  their  ducts  may  be  recognised,  either 
with  the  naked  eye  or  with  the  aid  of  a  pocket  lens,  as  numerous 
minute  dark  points  studded  over  the  surface.  The  former  are  mainly 
situated  at  the  junction  of  the  skin  and  subcutaneous  tissue.  Cystic 
tumours,  the  so-called  atheromatous  cysts,  occasionally  develop  in 
connection  with  the  sebaceous  glands,  in  consequence  of  their  ducts 
becoming  obstructed.  It  is  important  to  note  that  these  cysts  are  con- 
tained entirely  within  the  true  skin,  and  do  not  invade  the  subcutaneous 
tissue.  These  glands  are  sometimes  the  seat  of  a  troublesome  form  of 
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inflammation  known  as  acne.     It  is  particularly  liable  to  occur  on  the 
forehead,  where  it  assumes  the  form  of  an  unsightly  pustular  eruption. 

The  Subcutaneous  Tissue  is  chiefly  remarkable  for  the  density  of  its 
texture,  in  which  respect  it  somewhat  resembles  the  subcutaneous  layer 
of  the  palm  of  the  hand  and  the  sole  of  the  foot,  and,  as  in  these  localities,, 
it  is  admirably  adapted  to  withstand  high  degrees  of  pressure.  Its 
density  is  due  to  the  fibrous  septa  by  which  it  is  traversed,  and  which 
connect  the  skin  with  the  occipito-frontalis  aponeurosis,  and  circumscribe 
small  spaces  containing  pellets  of  fat ;  further,  they  bear  an  important 
relationship  to  the  outer  coats  of  the  numerous  blood-vessels  which  branch 
and  ramify  widely  in  this  layer.  The  arteries  are  for  the  most  part  con- 
tained within  tunnelled  spaces  passing  through  and  between  the  septa, 
but  are  not  very  closely  connected  with  them  ;  the  outer  coat  of  the 
veins,  however,  is  much  more  adherent  to  the  surrounding  tissues,  and 
consequently,  when  divided,  these  vessels  have  a  strong  tendency  to  gape. 
This  fact  serves  to  explain  the  free  and  persistent  haemorrhage  which 
occasionally  attends  scalp  wounds  in  which  a  vessel  of  some  size  has 
been  accidentally  divided,  and  when  surgical  means  for  arresting  it  are 
not  at  hand. 

Blood-vessels  of  the  Scalp.— The  arteries  which  supply  the  scalp  may  be  divided  into  an 
anterior,  lateral,  and  posterior  group  (fig.  2),  which  are  arranged  as  follows.  The  frontal  and 
supra-orbital  arteries,  both  branches  of  the  ophthalmic  (internal  carotid),  emerge  from  the 
orbit  through  small  gaps  in  the  septum  orbitale,  and  as  they  curve  around  the  supra-orbital 
margin  they  lie  in  close  contact  with  the  periosteum,  but  become  more  superficial  as  they 
approach  their  terminal  distribution.  The  supra-orbital  notch,  which  marks  the  point  of 
emergence  of  the  corresponding  artery,  can  usually  be  felt;  it  is  situated  about  one  inch  from  the 
middle  line.  Both  arteries  are  distributed  mainly  to  the  forehead  region,  and  anastomose  freely 
with  the  neighbouring  vessels,  viz.,  the  angular  and  superficial  temporal  arteries,  and  the  vessels 
of  the  opposite  side.  They  vary  somewhat  in  size ;  the  supra-orbital,  however,  is  usually  the 
larger. 

The  Superficial  Temporal  Artery  is  one  of  the  terminal  branches  of  the  external  carotid  ; 
it  crosses  the  zygoma  immediately  in  front  of  the  ear,  closely  accompanied  by  its  companion  vein 
and  by  the  auriculo-temporal  nerve.  The  pulsation  of  the  artery  is  readily  detected  here,  and 
it  is  easily  compressed  against  the  subjacent  bone.  At  a  variable  distance  above  the  zygoma 
it  divides  into  its  anterior  and  posterior  branches,  which  break  up  and  ramify  over  a  wide 
area,  and  anastomose  freely  with  the  other  arteries  of  the  scalp ;  it  is  distributed  mainly  over 
the  lateral  region  of  the  head. 

The  Posterior  Auricular  Artery,  a  branch  of  the  external  carotid,  lies  deeply  in  the  groove 
between  the  cartilage  of  the  ear  and  the  mastoid  process,  "covered  by  the  retrahens  aurem 
muscle  ;  it  furnishes  a  few  branches  of  small  size  to  the  scalp  in  the  mastoid  and  adjoining 
regions,  and  anastomoses  with  the  superficial  temporal  and  occipital  arteries. 

The  Occipital  Artery,  another  branch  of  the  external  carotid,  is  not  uncommonly  the  largest 
artery  of  the  scalp.  It  lies  very  deeply,  in  the  earlier  stages  of  its  course,  beneath  the  muscles 
of  the  neck,  but  becomes  superficial  at  a  point  which  is  situated  approximately  midway  between 
the  mastoid  process  and  the  external  occipital  protuberance,  and  ascends  through  the  scalp  in  a 
tortuous  manner,  accompanied  by  the  great  occipital  nerve.  Owing  to  the  increased  thickness  of 
the  scalp  posteriorly,  the  artery  may  lie  almost,  if  not  quite  half  an  inch  from  the  surface,  where 
it  crosses  the  superior  curved  line. 

The  Arteries  of  the  Scalp  have  three  main  features  in  common, — 
they  all  ascend  and  lie  close  to  the  bone,  they  are  very  tortuous,  and 
they  anastomose  freely  with  each  other  and  with  their  neighbours  of 
the  opposite  side.  Within  the  subcutaneous  tissue  there  exists  a  closely 
set  arterial  network,  from  which  innumerable  minute  branches  proceed 
to  ramify  in  the  skin  ;  some  pierce  the  occipito-frontalis  in  order  to 
supply  the  pericranium  and  the  bone ;  one  of  these  of  considerable  size, 
from  the  occipital  artery,  traverses  the  parietal  foramen  and  ends  in 
the  dura  mater. 
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In  controlling  haemorrhage  in  operations  which  involve  the  scalp, 
advantage  is  sometimes  taken  of  the  upward  course  of  the  arteries  and 
their  close  proximity  to  the  bone,  by  encircling  the  head  with  an  elastic 
band  at  the  level  of  the  supra-orbital  margins  in  front  and  below  the 
external  occipital  protuberance  behind;  this  is  a  useful  precaution  to 
adopt  in  the  removal  of  large  scalp  tumours  such  as  pachydermatoceles 
or  naevoid  growths.  A  peculiar  form  of  vascular  growth  called  cirsoid 
aneurysin,  or  aneurysm  by  anastomosis,  is  occasionally  observed  in  connec- 
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FIG.  2. — Topographical  representation  of  the  arteries  of  the  scalp  and  face. 

tion  with  the  superficial  temporal  artery,  less  frequently  with  the  occipital. 
It  consists  of  a  number  of  large,  tortuous,  and  pulsating  vessels  forming 
an  irregularly  circumscribed  swelling  of  a  bluish  red  colour  beneath 
the  skin.  Ligature  of  the  superficial  temporal  or  occipital  artery,  as 
the  case  may  be,  has  been  performed  in  these  cases  as  a  curative  measure, 
but  in  view  of  the  very  free  collateral  anastomoses  it  could  hardly  be 
expected  to  have  the  desired  effect.  Ligature  of  both  external  carotids 
would  hold  out  greater  hope  of  success,  but  even  after  this  the  vessels 
derived  from  the  internal  carotid  artery  through  its  ophthalmic  branch 
(frontal  and  supra-orbital)  may  render  this  mode  of  treatment  futile. 
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The  great  vascularity  of  the  scalp  serves  to  explain  how  wounds 
involving  it  heal  with  such  rapidity,  and  why  sloughing  is  so  rare  when 
large  flaps  have  been  almost  completely  detached  by  injury,  or  when  it 
has  been  extensively  undermined  by  suppuration.  In  the  operation 
known  as  rhinoplasty,  the  object  of  which  is  to  restore  the  lower  part  of 
the  nose  following  its  destruction  by  injury  or  disease,  a  flap  of  skin 
is  partially  detached  from  the  forehead  and  turned  downwards ;  it 
depends  for  its  vitality  on  the  frontal  artery  above  mentioned,  which 
is  contained  within  the  attached  portion  or  stalk  of  the  flap. 

The  Nerves  of  the  Scalp  are  both  sensory  and  motor ;  the  former  are  derived  from  the 
trigeminal  and  cervical  nerves,  and  comprise  the  supra-orbital  and  supra-trochlear  in  front,  the 
temporo-malar  and  the  auricula-temporal  laterally  (fig.  27)  ;  branches  of  the  great  auricular 
together  with  the  small  occipital  and  great  occipital  nerves  behind.  Thefatial  nerve  supplies  the 
motor  filaments  through  the  temporal  branches  of  its  temporo-facial  division,  which  pass  upwards 
and  forwards  over  the  zygoma  (fig.  27),  and  through  the  posterior  auricular  nerve,  which  is  deeply 
hidden  behind  the  ear,  in  relation  to  the  posterior  auricular  artery,  before  it  reaches  its  terminal 
distribution.  The  muscles  supplied  by  these  branches  of  the  facial  nerve  are  the  two  portions 
of  the  occipito-frontalis  and  the  extrinsic  muscles  of  the  ear.  Some  of  the  temporal  branches  are 
also  distributed  to  the  orbiculaiis  palpebrarum  and  corrugator  supercilii  muscles. 

Severe  neuralgic  pain  is  not  unfrequently  referred  along  the  various 
branches  of  the  trigeminal  nerve  just  mentioned  ;  thus,  in  cases  of  iritis, 
pain  is  constantly  felt  in  the  temporal  region  over  the  area  supplied  by 
the  temporo-malar  nerve.  Dental  caries  is  another  common  cause  of 
trigeminal  neuralgia,  referred  along  the  various  divisions  of  the  nerve. 
Neurotomy  of  the  supra-orbital  nerve  is  sometimes  performed  in  order  to 
alleviate  the  acute  suffering  which  attends  neuralgia  referred  to  its  dis- 
tribution area.  The  nerve  may  be  divided  subcutaneously  by  drawing 
up  the  eyebrow  and  introducing  a  tenotome  beneath  the  skin,  and  cutting 
the  nerve  against  the  bone  just  in  front  of  the  supra-orbital  notch ;  it 
follows,  as  a  matter  of  course,  that  the  supra-orbital  vessels  which  closely 
accompany  the  nerve  are  divided  at  the  same  time.  As  union  of  the 
divided  ends  and  ultimate  regeneration  of  the  nerve  will  almost  certainly 
follow  this  procedure,  it  is  better  to  make  an  incision  down  to  the 
nerve  and  resect  a  portion  —  neurectomy.  Deep  incisions  over  the 
anterior  part  of  the  zygomatic  arch  where  it  is  crossed  by  the  temporal 
branches  of  the  facial  nerve  are  to  be  avoided,  seeing  that  the  nerve 
supply  of  the  orbicularis  palpebrarum  mainly  proceeds  from  this  source. 

The  Occipito-Frontalis  Muscle,  with  its  aponeurosis,  has  been  observed  to  have  a  very 
close  relationship  with  the  subcutaneous  tissue  and  with  the  skin,  the  three  collectively 
constituting  the  scalp  proper.  By  its  deep  aspect  it  is  connected  with  the  pericranium  or 
periosteum  by  means  of  the  lax  subaponeurotic  tissue  ;  in  front  it  is  attached  to  the  supra- 
orbital  margin,  posteriorly  it  is  attached  to  the  external  occipital  protuberance  and  superior 
curved  line  of  the  occipital  bone  ;  laterally  it  is  prolonged  over  the  temporal  fascia  and  receives 
a  partial  attachment  to  it ;  the  remaining  portion  passes  downwards  as  an  attenuated  layer, 
and  is  gradually  lost  in  the  subcutaneous  tissue  as  it  approaches  the  zygoma. 

Wounds  of  the  Scalp  commonly  extend  through  the  occipito-frontalis 
muscle  or  its  aponeurosis,  and  although  in  the  majority  of  instances  they 
are  caused  by  falls  or  inflicted  with  blunt  weapons,  yet  their  edges  are 
invariably  as  cleanly  cut  as  if  the  wound  had  been  made  with  a  sharp 
knife;  this  doubtlessbeing  due  to  the  fact  that  the  tissues  aredivided  against 
the  hard  unyielding  surface  provided  by  the  subjacent  skull.  When  such 
wounds  are  directed  antero-posteriorly  their  margins  show  little  tendency 
to  separate,  and  they  are  easy  to  adjust ;  however,  when  they  lie  in  the 
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opposite  direction,  viz.,  across  the  plane  of  action  of  the  muscle,  and 
especially  if  they  involve  its  fleshy  portions,  they  are  very  prone  to 
gape  and  curl  inwards  at  the  same  time  at  their  edges.  It  is  well, 
therefore,  to  pass  the  sutures  deeply  through  the  muscle  or  its  aponeurosis 
so  as  to  obtain  good  apposition  of  the  cut  surfaces  ;  haemorrhage  too, 
even  from  the  larger  vessels  of  the  scalp,  will  be  controlled  in  a  most 
efficient  manner.  It  is  important  to  determine  in  the  case  of  all  tumours 
growing  on  the  scalp  if  they  are  superficial  to  or  beneath  the  plane  of  the 
occipito-frontalis  ;  in  the  former  case  they  will  be  quite  movable, 
whereas  in  the  latter  they  will  have  fixed  attachments.  Tumours  belong- 
ing to  the  latter  variety  should  be  approached  with  caution,  as  they 
not  uncommonly  possess  intracranial  connections — see  Dermoids^  p.  23. 

The  Pericranium  or  Periosteum  is  a  thin  fibrous  membrane  which 
overlies  the  cranial  vault,  but  does  not  possess  a  very  firm  attachment 
to  the  bone.  In  the  foetal  skull  the  membranous  spaces  or  fontanelles 
which  connect  the  imperfectly  developed  cranial  bones  consist  of  the 
pericranium  externally,  the  dura  mater  internally,  and  eventually,  when 
these  fontanelles  are  obliterated,  a  thin  layer  of  connective  tissue — the 
sutural  membrane — connects  the  pericranium  with  the  dura  mater  across 
the  suture  line  (fig.  i);  this  explains  why  the  pericranium  readily  strips 
off  the  bone  except  where  the  sutures  intervene.  In  old  skulls,  however, 
where  the  bones  have  fused  (synostosis},  the  sutures  become  obliterated 
and  the  pericranium  stretches  across  from  one  bone  to  the  other  without 
presenting  any  deep  attachment.  This  membrane  differs  from  the 
periosteal  covering  of  other  bones  in  at  least  two  important  particulars — 
viz.,  it  nourishes  the  underlying  bone  to  a  very  limited  extent,  and  its 
power  of  bone  formation  is  slight.  In  proof  of  this  statement  it  may  be 
mentioned  that  extensive  strips  of  the  pericranium  may  be  detached 
without  any  subsequent  necrosis  taking  place,  and  that  when  part  or  the 
entire  thickness  of  the  cranial  wall  exfoliates  in  consequence  of  necrosis, 
or  is  removed  in  the  course  of  operation,  the  pericranium  makes  no 
attempt  to  fill  up  the  breach.  In  such  cases  either  a  depression  in  the 
bone  or  a  complete  perforation  will  indefinitely  remain.  The  con- 
nection which  is  maintained  between  the  pericranium  and  the  dura  mater 
by  the  sutural  membrane  explains  how  infective  processes  occasionally 
extend  inwards  from  the  scalp,  setting  up  extradural  suppuration  and 
meningitis,  or  even  abscess  of  the  brain.  The  blood-vessels  which  pass 
from  the  pericranium  into  the  small  canals  which  traverse  the  outer  table 
of  the  skull  afford  paths  along  which  septic  infection  may  reach  the 
diploe  and  set  up  an  osteo-myelitis.  In  the  event  of  such  a  complication 
taking  place,  a  spreading  thrombo-phlebitis  of  the  diploic  veins  is  greatly 
to  be  feared,  as  it  is  sometimes,  though  rarely  nowadays,  a  precursor  of 
pyaemia  through  the  medium  of  infective  emboli  carried  into  the  general 
circulation. 

Cephalhaematomata  and  Abscesses  of  the  Scalp  may  be  classified, 
according  to  the  level  which  they  occupy,  into  three  different  varieties, 
viz.,  subcutaneous,  subaponeurotic,  and  subpericraniaL 

It  is  quite  impossible  for  any  extensive  collections  to  form  sub- 
cutaneously,  in  consequence  of  the  resistance  offered  by  the  surrounding 
tissue  to  their  progress.  In  the  subaponeurotic  region,  however,  it  is  a 
comparatively  easy  matter  for  haemorrhage  or  suppuration  to  become 
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widely  diffused  ;  the  collection,  in  fact,  may  travel  from  the  supra-orbital 
margins  in  front  to  the  superior  curved  lines  of  the  occipital  bone  behind  ; 
this  region  has  consequently  been  termed  the  dangerous  area  of  the  scalp. 
In  the  pre-antiseptic  days  subaponeurotic  abscesses  were  not  uncommon, 
and  free  incisions  were  frequently  required  to  arrest  their  progress  and 
afford  free  drainage.  This  form  of  diffuse  or  spreading  inflammation 
is  sometimes  alluded  to  as  cellulitis  of  the  scalp. 

Subpericranial  cephalhaematomata  are  of  more  limited  extent, 
seeing  that,  as  a  rule,  they  do  not  exceed  the  suture  lines  along 
which  the  pericranium  is  adherent.  They  are  usually  situated  over 
the  parietal  bone  of  the  right  side,  and  in  young  infants  their 
occurrence  would  appear  to  depend  to  a  large  extent  on  the  mode 
of  development  of  the  parietal  bone,  which  at  the  time  of  birth 
resembles  a  thin  shell  interposed  between  the  dura  mater  and  the 
pericranium,  its  ossification  proceeding  in  a  radiating  manner  from 
the  central  starting-point.  Numerous  vessels  enter  this  bone  and 
traverse  the  membranous  intervals  between  its  undeveloped  parts. 
During  birth,  the  foetal  head  is  subjected  to  a  considerable  degree 
of  pressure;  the  parietal  bones  approach  each  other,  and  may  even 
overlap  along  the  sagittal  suture,  and  the  two  parietals,  again,  may 
overlap  the  occipital.  It  is  probable  that  under  such  conditions,  if 
the  cranial  bones  are  subjected  to  an  undue  degree  of  bending, 
some  of  their  vessels  may  be  torn.  The  resulting  extravasation 
finds  its  way  beneath  the  pericranium,  and  in  some  cases  it  may 
further  extend  also  between  the  bone  and  dura  mater,  forming  an 
internal  cephalh&matoma.  Soon  after  its  appearance  this  variety 
of  haematoma  is  found  to  present  a  hard  edge,  whereas  its  central 
part  remains  soft  and  fluctuating.  The  hard  edge  is  evidently 
caused  at  first  by  a  peripheral  fibrinous  deposit  in  the  angle 
between  the  bone  and  the  periosteum,  but  after  some  days  have 
elapsed  it  is  found  to  have  undergone  ossification.  In  such  cases 
a  mistaken  diagnosis  of  depressed  fracture  has  frequently  been  made ; 
the  position  of  the  swelling,  however,  the  age  of  the  patient,  and 
above  all  the  fact  that  gentle  sustained  pressure  with  the  finger 
over  the  central  part  of  the  haematoma  reveals  intact  bone  beneath, 
will  usually  remove  all  doubts  as  to  the  nature  of  the  case. 

The  Temporal  Region  is  full  and  rounded  in  well  nourished 
individuals,  but  in  those  who  are  emaciated  it  presents  a  hollow 
appearance,  and  the  zygomatic  arch  becomes  unduly  prominent. 
The  skin  which  covers  it  in  front  resembles  that  of  the  forehead, 
but  is  covered  with  hairs  behind  a  vertical  line  which  descends  from 
the  vertex  in  front  of  the  ear.  In  the  male  the  hairs  are  carried 
down  uninterruptedly  into  the  masseteric  region  and  over  part  of  the 
cheek,  but  in  females  they  usually  stop  short  immediately  above  the 
tragus.  The  fossa  is  occupied  by  the  temporal  muscle  and  is  shut  in 
from  the  exterior  by  the  temporal  fascia,  which  is  a  very  strong 
membrane,  capable  of  offering  a  powerful  degree  of  resistance,  and 
of  affording  valuable  protection  to  the  skull  at  this  level.  To  the 
finger  carried  over  the  unbroken  skin,  it  feels  quite  as  unyielding  as 
the  bone  itself.  The  superficial  structures  which  invest  it  have 
been  briefly  alluded  to  already ;  they  include  the  skin,  the  sub- 
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cutaneous  tissue,  and  the  thin  lateral  prolongation  of  the  occipito- 
frontalis  aponeurosis.  About  two  inches  above  the  zygoma  the 
latter  alters  its  character  very  markedly  ;  it  is  no  longer  closely  con- 
nected with  the  skin  by  fibrous  septa,  and  consequently  the  sub- 
cutaneous tissue  acquires  a  much  looser  consistency.  In  a  deep 
direction  it  obtains  attachment  to  the  outer  aspect  of  the  temporal 
fascia,  and  its  lower  margin  breaks  up  into  bundles,  which  are 
gradually  lost  in  the  subcutaneous  tissue.  The  temporal  fascia 
is  continuous  above  with  the  pericranium  or  periosteum ;  in  fact, 
the  temporal  muscle  is  to  be  regarded  as  enclosed  between  two 
membranous  layers,  the  deeper  of  which  is  represented  by  the 
periosteum  of  the  fossa,  and  both  of  which  fuse  along  the  temporal 
ridge. 

The  temporal  fascia  splits  into  two  layers  about  one  inch  above 
the  zygoma ;  they  enclose  between  them  some  fatty  tissue,  but  meet 
again  at  the  zygoma,  and  are  attached  along  its  upper  margin. 

The  depth  of  the  fossa  is  greatest  immediately  above  the  anterior 
extremity  of  the  zygomatic  arch ;  the  distance  from  the  skin  surface 
to  the  bone  at  this  level  being  usually  over  an  inch  ;  however,  the  depth 
diminishes  gradually  from  this  point,  both  backwards  and  upwards. 
The  temporal  fascia  is  adherent  to  the  subjacent  muscle  in  the 
greater  part  of  its  extent ;  close  to  the  zygoma,  however,  this  relation- 
ship ceases,  and  the  two  are  separated  by  some  fatty  tissue,  con- 
tinued upwards  from  the  more  extensive  collection  which  occupies 
the  zygomatic  or  pterygo-maxillary  region. 

The  temporal  fossa  has  a  rich  blood  supply.  Its  arteries  consist 
of  a  superficial  and  a  deep  set ;  the  former  include  the  superficial 
temporal  artery,  with  its  anterior  and  posterior  divisions ;  the  latter, 
the  anterior  and  posterior  deep  temporal  arteries,  branches  of  the 
internal  maxillary,  and  the  middle  deep  temporal  artery,  a  branch 
of  the  superficial  temporal;  this  vessel  lies  in  contact  with  the 
periosteum,  and  grooves  the  outer  aspect  of  the  squamous  bone. 
Some  of  the  deep  veins  within  the  fossa  communicate  with  the 
ophthalmic  veins  by  brancheg  which  traverse  the  spheno-maxillary 
fissure  in  the  outer  wall  of  the  orbit ;  this  fact  may  serve  to  explain 
the  relief  afforded  by  leeches  applied  in  the  temporal  region  in 
certain  inflammatory  affections  of  the  eye. 

The  portion  of  the  skull  which  corresponds  to  the  temporal  fossa 
is  very  thin,  and  presents  important  relationships  internally  with  the 
middle  meningeal  artery,  which  will  be  noted  later  on  in  fuller  detail. 

When  flaps  are  raised  from  this  part  of  the  head,  such,  for  instance, 
as  would  be  necessary  in  the  operation  for  ligaturing  the  middle 
meningeal  artery,  the  incision  through  the  soft  tissues  is  usually  made 
with  a  horseshoe  outline,  the  convexity  of  which  is  directed  upwards, 
away  from  the  main  arterial  channels,  and  a  similar  principle  should 
regulate,  as  far  as  possible,  the  course  of  incisions  in  other  parts  of  the 
scalp. 

Wounds  of  the  temporal  region,  especially  when  inflicted  by  sharp- 
pointed  instruments,  should  be  viewed  with  suspicion,  in  consequence 
of  the  ease  with  which  the  skull  may  be  penetrated  at  this  level. 

Suppuration  beneath  the  temporal  fascia  is  rarely  observed ;  should 


10 


APPLIED  ANATOMY 


it  occur  however,  the  pus,  following  the  direction  of  least  resistance, 
may  make  its  way  downwards  into  the  zygomatic  fossa  and  point  in 
front  of  the  masseter  muscle,  unless  an  existing  breach  in  the  temporal 
fascia  allows  it  free  escape  in  that  direction. 


THE  CRANIUM. 

When  the  face  bones  have  been  removed  from  the  macerated  skull 
it  will  be  seen  that  the  cranium  is  ovoid  in  shape,  wider  behind  than 


Bregma. 


Temporal  Ridge. 
Pterion. 


Asterion. 


Orbito-temporal  Angle.  . 
Glabella. 
Nasion. ... 


Lachrymal 

Canal.    —  /" 
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--    Inion. 

"•  Supramastoid  Crest. 
*--  Suprameatal  bpme. 


Mental  Foramen. 


FIG.  3. — Profile  view  of  the  adult  skull,  showing  the  lines  of  suture  and  the  relation  of  the 
middle  meningeal  artery  to  its  outer  aspect.  Drawn  from  one  of  a  series  of  full-sized 
photographs  taken  by  Professor  Fraser. 

in  front,  and  that  its  long  axis  is  directed  from  before  downwards  and 
backwards.  It  consists  of  two  parts,  viz.,  the  vault  and  the  base,  which 
differ  from  each  other  in  certain  important  particulars. 

The  shape  of  the  cranium  presents  very  marked  individual  differences, 
and  in  the  same  individual  there  may  be  a  want  of  symmetry  between 
the  two  sides ;  a  similar  disproportion  also  is  occasionally  observed 
between  the  two  sides  of  the  face,  and  is  probably  to  be  accounted 
for  in  both  cases  by  a  premature  consolidation  of  certain  of  the 
sutures. 


THE  CRANIUM  n 

Craniologists  have  classified  skulls  into  certain  types,  taking  as  their 
standard  the  ratio  of  the  maximum  breadth  to  the  length  of  the  cranium. 
Those  crania  in  which  the  breadth  is  equal  to  or  exceeds  80  per  cent, 
of  the  length  are  called  brachy  cephalic ;  those  in  which  the  ratio  is  equal 
to  or  less  than  75  per  cent,  are  called  dolichocephalic  ;  to  intermediate  forms 
of  skull  the  term  mesaticephalic  has  been  applied. 

The  following  terms  are  employed  to  indicate  certain  points  on  the  exterior  of  the  skull 
from  which  measurements  may  be  taken,  and  which  are  of  use  in  localisation. 

The  Bregma ;  the  point  of  junction  of  the  coronal  and  sagittal  sutures.  It  corresponds 
approximately  to  the  centre  of  a  line  crossing  the  vertex  and  connecting  the  auricular  points  ;  it 
is  sometimes  recognisable  to  the  touch. 

The  Auricular  Point ;  the  centre  of  the  external  auditory  meatus. 

The  Lambda ;  the  point  of  junction  of  the  sagittal  and  lambdoid  sutures.  It  can 
often  be  felt,  but  if  this  is  not  possible,  it  will  be  found  to  correspond  to  a  point  about  two  and 
a  half  inches  above  the  external  occipital  protuberance.  The  sagittal  suture  connects  it  with 
the  bregma.  The  lambdoid  suture  will  be  indicated  by  a  line  connecting  the  lambda  with 
the  posterior  aspect  of  the  mastoid  process,  from  which  point  the  suture  runs  inwards  in 
relation  to  the  deep  aspect  of  the  mastoid  bone. 

The  Nasion  ;  the  centre  of  the  naso-frontal  suture. 

The  Inion ;  the  external  occipital  protuberance. 

The  Pterion  corresponds  to  a  point  in  the  temporal  fossa  where  the  following  bones 
meet  :  the  frontal  and  sphenoid  in  front,  the  parietal  and  temporal  behind.  The  connecting 
sutures  are  arranged  somewhat  in  the  form  of  the  capital  H,  the  cross  bar  being  formed  by  the 
spheno-parietal  articulation  ;  the  pterion  is  at  its  centre  (fig.  3). 

The  Asterion,  the  point  where  the  occipital,  parietal,  and  mastoid  bones  meet. 

The  Cranial  Vault  is  covered  externally  by  the  comparatively  thin 
scalp,  and  is  very  much  exposed  to  injury;  the  base,  however,  is 
supported  anteriorly  by  the  skeletal  framework  of  the  face,  and  rests 
upon  the  upper  part  of  the  spinal  column  behind  ;  in  addition,  it 
furnishes  attachment  to  the  muscles  at  the  back  of  the  neck,  and  conse- 
quently is  much  better  protected  than  the  vault.  The  latter  is  smooth 
and  evenly  rounded  in  the  greater  part  of  its  extent ;  the  general  curva- 
ture of  its  surface,  however,  is  interrupted  by  the  frontal  eminences  in 
front  and  by  the  parietal  eminence  on  each  side. 

It  is  pierced  by  numerous  vascular  foramina,  which  contrast  with  those 
at  the  base  in  being  very  minute.  To  this  statement,  however,  there  are  two 
exceptions,  viz.,  the  parietal  an^l  mastoid  foramina;  the  former  of  these 
is  situated  close  to  the  sagittal  suture  near  the  postero-superior  angle 
of  the  parietal  bone,  and  connects  the  scalp  veins  with  the  superior 
longitudinal  sinus ;  it  also  transmits  a  branch  of  the  occipital  artery  to 
the  dura  mater :  the  latter  foramen  connects  the  lateral  sinus  with  the 
posterior  auricular  and  occipital  veins. 

Internally  the  vault  is  grooved,  but  to  a  variable  extent  in  different 
cases,  by  the  branches  of  the  middle  meningeal  artery  and  by  the 
superior  longitudinal  sinus.  The  former  may  be  embedded  very  deeply 
in  the  bone,  and  occasionally  they  are  contained  during  part  of  their 
course  in  complete  bony  canals  ;  this  is  most  frequently  observed  at 
the  level  of  the  antero-inferior  angle  of  the  parietal  bone.  As  will  be 
noted  presently  in  connection  with  meningeal  haemorrhage,  this 
relationship  of  the  artery  to  the  bone  is  attended  with  considerable  risk 
in  the  case  of  fractures  of  the  skull  which  traverse  the  temporal  fossa. 
The  Pacchionian  bodies  or  arachnoidal  villi  give  rise  to  a  number  of 
rounded  pits  or  depressions  on  the  inner  aspect  of  the  vault  on  each  side 
of  the  superior  longitudinal  sinus  ;  these  latter  are  sometimes  very  deep, 
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and  as  a  result  the  thickness  of  the  overlying  skull  is  proportionately 
diminished.  The  practical  significance  of  this  thinning  of  the  bone 
was  well  illustrated  in  a  case  admitted  to  Sir  Patrick  Dun's  Hospital 
a  few  years  ago.  A  man  working  in  a  quarry  was  accidentally  struck 
on  the  head  by  a  falling  stone,  which  was  small  in  size,  but  with  sharp  and 
pointed  angles.  At  the  time  he  thought  nothing  of  the  injury,  but 
after  three  or  four  days  he  came  to  the  hospital  complaining  of  pain 
in  the  region  of  the  wound.  On  examination,  a  very  small  but  septic 
scalp  wound  was  detected  in  the  parietal  region  and  close  to  the  middle 
line.  It  was  cleansed  and  dressed  antiseptically,  but  nevertheless 
symptoms  of  meningitis  soon  appeared,  and  death  ensued  on  the  tenth 
day  from  the  date  of  the  injury.  At  the  autopsy  it  was  found  that, 
in  addition  to  the  wound  of  the  scalp,  the  excessively  thin  bone 
immediately  over  a  Pacchionian  villus  presented  a  minute  fracture.  The 
cause  of  death  was  a  diffuse  purulent  lepto-meningitis. 

Structurally,  the  vault  of  the  skull  consists  of  an  outer  and  an  inner 
compact  table,  with  an  intervening  layer  of  cancellous  tissue,  the  diploe. 
The  outer  table  is  thicker  than  the  inner,  the  average  ratio  of  the  one 
to  the  other  being  about  two  to  one ;  the  inner,  however,  would  appear 
to  be  the  more  brittle,  and  consequently  is  sometimes  alluded  to 
as  the  vitreous  table.  The  diploe  is  made  up  of  cancellous  spaces  of 
small  size,  which  communicate  with  each  other  freely,  and  are  occupied 
by  an  extremely  vascular  medullary  tissue.  It  receives  its  blood  supply 
partly  from  the  vessels  of  the  pericranium,  but  to  a  much  greater  extent 
from  the  meningeal  vessels.  Of  the  veins  which  carry  the  blood  away 
from  it,  some  are  directed  outwards  through  foramina  in  the  bone 
to  the  veins  of  the  pericranium  and  scalp,  others  are  directed  inwards 
to  the  veins  of  the  dura  mater,  but  by  far  the  greater  number  converge 
to  the  main  diploic  veins.  These  vary  much  in  their  general  arrange- 
ment ;  in  some  cases  they  are  numerous,  and  by  their  free  communications 
form  extensive  networks  ;  in  other  instances,  however,  they  are  few  in 
number,  and  may  be  represented  merely  by  a  couple  of  large  venous 
channels. 

The  Diploic  Veins  are  described  as  consisting  of  three  groups,  viz.,  frontal,  parietal,  and 
occipital.  The  frontal  diploic  veins  converge  and  unite  as  they  approach  the  supra-orbital  notch, 
the  resulting  trunk  pierces  the  outer  table  of  the  skull,  and  ends  by  joining  the  supra-orbital 
vein  in  the  notch,  and  in  this  way  it  is  brought  into  communication  with  the  ophthalmic 
•veins. 

The  Pronto- Sphenoidal  Diploic  Vein  extends  from  the  frontal  bone  into  the  great  wing  of  the 
sphenoid,  through  which  it  is  directed  inwards  to  its  termination  in  the  spheno-parietal  sinus. 

2.  The  Anterior  J^emporal  Diploic  Veins  extend  from  the  frontal  into  the  parietal  bone.    They 
end  in  part  by  piercing  the  great  wing  of  the  sphenoid  and  joining  the  deep  temporal  veins,  in 
part  by  travelling  inwards  and  joining  the  superior  petrosal  sinus. 

The  Posterior  Temporal  Diploic  Vein  traverses  the  posterior  part  of  the  parietal  bone  and  is 
directed  towards  the  mastoid  foramen  ;  it  ends  either  in  the  mastoid  vein  or  directly  in  the  lateral 
sinus. 

3.  The  Occipital  Diploic  Vein  ramifies  in  the  occipital  bone,  and  ends  either  in  the  occipital 
vein  or  in  the  lateral  sinus. 

The  importance  of  the  diploic  circulation  mainly  depends  upon  the 
fact  that  it  brings  into  communication  the  extra-  and  intra  -  cranial 
vessels,  and  in  this  way  serves  occasionally  to  convey  septic  infection 
from  the  scalp  to  the  membranes  of  the  brain,  or  even  to  the  brain 
itself.  Infective  osteo-myelitis  of  the  diploe  has  been  mentioned  as  a 
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possible  complication  of  subpericranial  suppuration,  and  attention  has 
been  drawn  to  the  fact  that  infective  thrombosis  of  the  diploic  veins 
may  give  rise  to  a  generalised  pyaemia. 

Owing  to  the  great  irregularity  in  the  number  and  direction  taken  by 
the  diploic  veins,  it  is  quite  useless  laying  down  any  guiding  rules  as 
to  how  they  may  be  avoided  in  trephining  operations. 

The  thickness  of  the  Skull  varies  greatly  in  different  parts  of  its 
extent,  and  individual  differences  also  are  so  very  marked  that  it 
is  impossible  to  form  any  definite  conclusions  by  average  measurements. 
Over  the  upper  part  of  the  vault  it  will  be  found  as  a  rule  that 
the  two  compact  layers  run  parallel  to  each  other,  but  when  followed 
forwards  and  backwards  they  diverge  gradually,  giving  rise  to  a 
corresponding  increase  in  the  thickness  of  the  skull  in  the  frontal 
and  occipital  regions.  It  may  be  said  to  attain  its  maximum  at 
the  external  occipital  protuberance.  In  front  the  two  tables  separate  to 
form  the  frontal  air  sinus,  the  diploe  at  the  same  time  disappearing. 
The  thickness  of  the  bone  is  greatly  diminished  in  the  temporal 
region,  especially  that  portion  of  it  which  is  formed  by  the  squamous 
segment  of  the  temporal  bone  ;  the  diploe  is  absent  here,  and 
the  bone  consists  of  a  single  compact  layer.  These  facts  are  to  be 
remembered  when  applying  the  trephine.  For  reasons  that  will  be 
obvious,  it  should  not  be  placed,  if  possible,  over  the  frontal  sinus,  over 
lines  of  suture,  close  to  the  middle  line,  or  over  the  main  divisions  of 
the  middle  meningeal  artery.  Another  point  to  be  noted  is  that  the 
depth  of  bone  to  be  traversed  is  often  much  greater  at  one  side  of  the 
trephine  circle  than  at  the  other.  At  the  present  day  the  formation  of 
large  osteoplastic  flaps  in  cranial  surgery  has  to  some  extent  superseded 
the  exclusive  employment  of  the  trephine  ;  these  possess  the  great 
advantage  of  affording  plenty  of  room  for  the  necessary  intracranial 
manipulations,  and  when  subsequently  restored  to  place  they  heal  with 
wonderful  rapidity. 

The  Cranial  Sutures. — The  mode  of  articulation  of  the  cranial  bones 
with  each  other  is  particularly  deserving  of  notice.  The  interlocking 
form  of  suture  predominates  throughout  the  cranial  vault  and  is  of  a 
complicated  character ;  thus,  the  serrations  which  are  visible  externally 
do  not  correspond  with  those  which  appear  on  the  inner  aspect  of 
the  suture  line  ;  they  form  in  reality  two  distinct  systems,  and  a  third 
or  intermediate  system  may  sometimes  be  distinguished  between  these. 
Furthermore,  the  margins  of  the  bones  in  certain  localities,  of  which  the 
fronto-parietal  suture  is  a  good  example,  are  bevelled  in  such  a  way 
that  they  overlap  each  other.  The  overlapping  type  of  suture  without 
interlocking  is  best  seen  in  the  squamo-parietal  suture.  The  reader  is 
again  reminded  of  the  fact  that  the  sutural  membrane  connects  the 
dura  mater  with  the  pericranium,  and  transmits  blood-vessels  to  and 
from  the  interior  of  the  skull. 

The  arrangement  of  the  sutures  just  described  is  such  that  the 
cranial  bones  are  connected  with  each  other  in  a  very  secure  manner, 
so  much  so  that  the  vault  might  almost  be  regarded  as  being  composed 
of  a  single  bone.  Disarticulation  of  one  bone  from  another  is  quite 
impossible  without  fracture  taking  place,  and  the  overlapping  of  the 
bones  just  alluded  to  prevents  the  parietal,  for  instance,  parting  company 
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with  its  neighbours,  and  being  driven  inwards  against  the  subjacent 
brain.  There  can  be  little  doubt  that  the  articulations  between  the 
bones  of  the  vault,  in  addition  to  the  elasticity  of  the  bones  themselves, 
help  to  minimise  the  effects  of  blows  or  falls  upon  the  head,  by  causing 
the  vibrations  to  become  diffused  in  different  directions  ;  and  the  greater 
facility  with  which  the  skull  fractures  in  elderly  individuals  is  to  be 
attributed  to  its  diminished  elasticity  with  advancing  age,  and  to  the 
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FlG.  4. — The  base  of  the  skull  viewed  from  the  exterior.     The  bones  ot  the  face  have  been 
removed  in  order  to  show  how  the  base  is  related  in  front  to  the  orbital  and  nasal  cavities. 

obliteration  of  the  sutures  through  fusion  of  the  bones  at  their  margins 
(synostosis),  which  usually  commences  about  the  fortieth  year. 

Fractures  of  the  Skull. — The  cranial  vault  is  connected  at  its  base 
with  the  bones  of  the  face  by  means  of  certain  buttresses,  and  also  with 
the  vertebral  column.  The  cranial  buttresses  are  the  nasal  spine  and 
the  external  angular  processes  of  the  frontal  bone,  the  zygoma,  the 
rostrum,  and  pterygoid  processes  of  the  sphenoid  (fig.  4).  They  rest 
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below  upon  the  nasal  bones,  the  malar,  the  superior  maxilla,  and  the 
vomer.  Vibrations  following  blows  upon  the  vertex,  instead  of  radiating 
entirely  to  the  base,  are  largely  transmitted  and  diffused  along  these 
buttresses,  a  circumstance  which  serves  to  explain  why  pain  is  often 
experienced  in  the  upper  jaws  when  a  severe  blow  has  been  inflicted 
upon  the  skull.  On  the  other  hand,  vibrations  may  spread  in  the 
opposite  direction,  as  when  concussion  results  from  blows  or  falls  on 
the  face.  The  elasticity  of  the  cranial  bones  must  not  be  lost  sight 
of  in  considering  the  modes  of  production  of  fracture  in  this  region  ;  it 
is  a  striking  characteristic  of  the  infantile  skull,  but  at  subsequent 
periods  it  would  appear  to  offer  very  marked  individual  differences,  and 
in  the  skulls  of  those  who  have  reached  an  advanced  age  it  becomes 
much  diminished,  and  fractures  are  more  readily  produced. 

The  different  effects  which  may  be  produced  upon  the  cranium 
when  it  is  forcibly  struck  may  be  summarised  as  follows. 

1.  It    may  momentarily  bend  or  yield  at  the  point  struck,  spring- 
ing  back  immediately,  however,  to  its  original  shape.      It  is  not  easy 
to  say  to  what  extent  this  can  take  place,  but  it  has  been  stated  that 
the  diameter  of  the  skull  may  be  diminished  by  I  cm.  in  the  direction 
of  the  force.      This  shortening  will  of  necessity  be  accompanied  by  a 
corresponding  expansion  in  the  plane  situated   at   right  angles  to  the 
line  of  force.     A   theory  founded   upon  this  bursting  mechanism   has 
been  adduced  to  explain  the  mode  of  occurrence  of  certain  fractures 
remote   from  the  point  struck.     It  occasionally  happens  that  violence 
applied  to  the  infant  skull  causes  a  bending  or  indentation  of  the  bone, 
without  fracture,  which  has  a  tendency  to  persist. 

2.  The  force  may  be  of  such  intensity  that  its  effect  upon  the  skull 
is   to  overcome   its   elasticity,  and  a   fracture   occurs.      The   character 
and   extent  of  the   fracture  so   produced   will    largely   depend    upon 
whether  the  fracturing  force  was  concentrated  or  diffused  over  a  wide 
area.     If  the  bone,  for  instance,  is  fractured  by  a  sharp-pointed  weapon 
it  may  appear  cleanly  cut,  without  any  depression  or  radiating  fissures. 
This  is  most  likely  to  occur  in  those  parts  of  the  skull  where  the  bone  is 
thin,  as   in  the  temporal    and  -occipital  fossae.     It   is  frequently  found 
that  the  inner  table  is  fractured  much  more  extensively  than  the  outer, 
and  it  has  also  been  shown  that  the  inner  table  may  fracture  while  the 
outer   remains   intact.     Some   authorities   hold   that   this   proclivity   to 
fracture   on    the    part   of  the   inner   table   is   in    the   main   due   to  its 
brittleness,   but  this   probably   only   holds   good   to  a   certain    extent ; 
it   is    much   more   likely   that   the   fracture   is   produced    somewhat  in 
the  same  way  that  a  rod  is  broken  by  being  forcibly  bent  across  the 
knee   (Teevan).     Arguing   on  this  hypothesis,  it   will    be  evident   that 
the  effect  of  a   blow   upon   the   cranium   is   to   flatten   out   its   curve, 
and    that    the    change    in    form,  viz.,   the   extension  which   the   bone 
undergoes,  will  tell  more  upon  the  concavity  than  upon  the  convexity 
of  the  curve  ;  consequently  the  inner  table  is  the  first  to  fracture,  and 
owing   to   its   greater   thinness,  aided    no   doubt   by  its   brittleness,  it 
breaks   more   extensively   than    the  outer   table.     That   a   momentary 
depression  of  the  skull  occurs   with  fracture  in  many  cases   where  no 
evidence  of  it  exists   subsequently  has  been  proved   by  the  fact   that 
hairs,  particles  of  the  hat  worn  at   the  time  of  the  injury,  and   other 
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forms  of  foreign  matter  introduced  from  without  have  been  found 
firmly  embedded  in  the  fissure,  and  even  within  the  interior  of  the 
cranium.  Fractures  of  the  vault  are  sometimes  comminuted  and  are 
frequently  depressed — pond  or  gutter  fractures. 

3.  When  the  impact  of  the  blow  is  more  diffused,  as  when  the  head 
in  falling  strikes  against  a  flat  surface,  the  skull  may  break  not  only  at  the 
point  struck,  but  a  fissure  also  may  radiate  from  it  to  the  base.     In  a 
series  of  experiments  conducted  upon  the  cadaver  it  was  found  that 
in  travelling  to  the  base  the  fissure  took  the  most  direct  route  ;  the 
majority  of  basal  fractures  probably  occur  in  this  way  (Aran). 

4.  It  has  been  asserted  that  the  bone  may  escape  fracture  at  the  precise 
point  of  impact,  but  may  be  broken  at  the  opposite  pole  of  the  brain 
case.     This  is  what  is  sometimes  alluded  to  as  fracture  by  contre-coup. 
This  theory  presupposes  that  in  the  skull  the  vibrations  which  proceed 
in  all  directions  from  the  point  of  impact  on  the  vertex  meet  again  at 
the  base  and  cause  a  fracture,  provided  they  possess  sufficient  intensity. 
Against  this,  however,  is  the  fact  already  mentioned,  that  the  skull  does 
not  transmit  vibrations  as  if  it  were  a  hollow  sphere,  but  that  these  are 
largely  diffused  along  the  vertebral  column  and  the  bones  of  the  faee. 
The  theory  of  fracture  by  contre-coup  must  therefore  be  held  in  doubt, 
as  it  seems  to  lack  sufficient  proof.     The   explanation  given  above   of 
fractures   of  the   skull   occurring  at   a  point   remote  from  that   struck 
would  appear  more  deserving  of  acceptance,  viz.,  on  the  assumption  that 
if  a  sphere  be  compressed  in  the  direction  of  the  poles,  expansion  will 
take  place  along  the  line  of  the  equator,  and  that  in  the  case  of  the  skull 
this  outward  expansion  may  result  in  a  fracture.     As  the  walls  of  the 
skull  are  not  of  uniform  thickness,  fractures  so  produced   will  have  a 
predilection  for  the  weaker  points,  and  these  are  situated  chiefly  at  the 
base. 

In  connection  with  fractures  of  the  vault  of  the  cranium  it  is 
important  to  note  that  certain  congenital  fissures  are  sometimes  present 
which  possess  a  medico-legal  importance,  as  they  are  apt  to  be  con- 
founded with  true  fractures.  Two  are  specially  deserving  of  notice  ;  one 
traverses  the  supra-occipital  segment  of  the  occipital  bone  from  one 
lateral  angle  to  the  other,  mapping  off  a  small  triangular  portion  known 
as  the  interparietal  bone ;  the  second  corresponds  to  the  so-called  parietal 
fissure,  and  extends  into  the  two  parietal  bones  for  a  variable  distance 
on  each  side  of  the  middle  line,  at  the  level  which  is  usually  occupied 
in  the  adult  by  the  parietal  foramina.  The  fissure  is  a  vestige  of  one  of 
the  membranous  gaps  which  are  normally  found  between  the  radiations 
of  the  developing  parietal  bone  (Sagittal  Fontanelle}. 

Emissary  Veins. — These  vessels  form  connecting  links  between  the  intra-  and  extra- 
cranial  venous  channels.  The  more  important  are — (i)  The  mastoid  vein,  which  connects  the 
posterior  auricular  vein  with  the  lateral  sinus.  (2)  The  supra-orbital  vein,  which  is  continued 
into  the  ophthalmic  vein,  and  communicates  at  the  same  time  with  the  frontal  diploic  vein  and 
with  the  commencement  of  the  facial  vein.  These  vessels  are  thus  brought  into  indirect 
relationship  with  the  cavernous  sinus.  (3)  A  vein  passing  through  the  parietal  foramen, 
connecting  the  veins  of  the  scalp  with  the  superior  longitudinal  sinus.  (4)  A  vein  passing 
through  the  foramen  aecum,  connecting  certain  of  the  vessels  of  the  nasal  mucous  membrane 
with  the  superior  longitudinal  sinus.  (5)  Veins  passing  from  the  cavernous  sinus  through  the 
foramen  ovale  and  foramen  Vesalii,  (6)  Veins  passing  outwards  from  the  lateral  sinus  at  the 
level  of  the  external  occipital  protuberance,  and  others  passing  through  the  posterior  condylar 
foramen,  connecting  the  deep  veins  in  the  occipital  region  with  the  lateral  sinus. 


THE  CRANIUM  17 

The  practical  importance  of  these  communicating  channels  is  mainly 
dependent  on  the  fact  that  they  may  be  the  means  of  conveying  septic 
infection  intracranially  to  the  brain  and  its  membranes.  They  explain 
how  it  occasionally  happens  that  a  carbuncle  on  the  face  is  followed 
by  infective  thrombosis  of  the  cavernous  sinus,  and  that  inflammation 
in  the  mastoid  region  may  be  succeeded  by  infective  thrombosis  of  the 
lateral  sinus.  The  presence  of  the  mastoid  emissary  vein  affords  good 
grounds  for  the  practice  of  applying  leeches  behind  the  ear  with  a  view 
to  relieve  cerebral  congestion.  This  vein  sometimes  attains  a  very  large 
size,  and  in  some  cases  it  would  appear  as  if  it  took  the  place  of  the 
lateral  sinus  of  the  same  side.  The  presence  of  such  a  large  vessel 
situated  superficially  in  the  mastoid  region  would  render  a  wound  in 
this  locality  particularly  dangerous.  The  communications  which  exist 
between  the  vessels  of  the  nose  and  the  superior  longitudinal  sinus 
afford  a  ready  explanation  as  to  how  epistaxis  may  sometimes  have  a 
salutary  effect. 

The  Base  of  the  Skull. — The  appearances  presented  by  the  base 
of  the  skull  when  viewed  from  the  exterior — the  bones  of  the  face 
having  been  removed — vary  to  a  very  large  extent  from  those  which 
are  to  be  noted  by  an  inspection  of  it  from  the  interior  of  the  skull.  In 
fig.  4  the  external  aspect  of  the  base  is  depicted  as  it  appears  in  the 
macerated  condition  ;  in  fig.  5  the  base  is  viewed  from  within  the  cranial 
cavity  as  it  appears  in  the  recent  state  after  removal  of  the  brain. 

The  principal  points  of  contrast  between  the  base  of  the  skull  and 
the  vault  are  (i)  the  great  variability  in  the  thickness  of  the  bones; 
the  thinnest  as  well  as  the  thickest  parts  of  the  skull  are  found  at  the 
base  ;  (2)  the  mode  of  articulation  between  the  bones  at  the  base  is  less 
complicated  than  that  which  obtains  in  the  vault ;  at  the  base  their 
margins  for  the  most  part  lie  in  apposition  without  interdigitating ;  (3)  the 
base  is  traversed  by  numerous  large  foramina,  and  (4)  it  'is  much  more 
securely  protected  than  is  the  vault.  There  are  certain  other  points  of 
interest  in  connection  with  the  base  of  the  skull,  which  from  the  standpoint 
of  applied  anatomy  are  deserving  of  special  mention,  (i)  Its  anterior 
part  forms  the  roof  of  the  orbital  cavity  and  the  greater  part  of  the 
roof  of  the  nasal  fossa  on  each  side.  It  helps  also  to  complete  the 
ethmoidal  cells  which  intervene  between  the  orbital  and  nasal  cavities 
(fig.  4).  (2)  It  contains  the  essential  parts  of  the  organ  of  hearing. 
These  will  be  further  alluded  to  in  connection  with  the  middle  cranial 
fossa.  (3)  It  forms  the  roof  of  the  pharynx.  This  part  of  the  base  is 
accessible  through  the  mouth,  but  owing  to  its  concealed  position  above 
and  behind  the  soft  palate  it  is  but  little  exposed  to  injury. 

A  glance  at  fig.  5  will  show  that  the  base  of  the  skull,  when  viewed 
from  the  interior  of  the  cavity,  presents  a  terraced  or  shelf-like  arrange- 
ment, corresponding  to  the  three  cranial  fossae ;  these  will  now  be 
considered  mainly  in  so  far  as  they  present  points  of  practical  interest. 

The  Anterior  Cranial  Fossa  presents  an  upward  convexity 
corresponding  to  the  roof  of  the  orbit  and  frontal  sinus.  The  general 
irregularity  of  the  surface  is  due  to  a  number  of  ridges  and  intervening 
depressions  on  the  bone  which  are  adapted  to  the  fissures  and  convolutions 
on  the  under  aspect  of  the  frontal  lobe.  At  its  outer  part  the  level  of  the 
fossa  corresponds  to  a  point  half  an  inch  above  the  fronto-malar  articula- 

2 


i8 


APPLIED  ANATOMY 


tion ;  from  this  it  slopes  inwards  and  downwards  to  the  cribriform  plate, 
the   level  of  which   is    indicated    externally  by  the  nasion.     The  bone 


Falx  Cerebri 


Optic  N. 
Int.  Carotid  Art. 

Third  N. 
Fourth  N. 


Facial  N.  ... 

Auditory  N. 

Glosso-pharyn.N.  — 
Vagus N.--- 

Spinal  Acces.  N.  — 
Vertebral  Art.  — 

Occipital  Sinus.  — 


Falx  Cerebelli. 


Spheno-parietal  Sinus. 


First  or  Ophthalmic  Div. 

of  the  Trigem.  N. 
_  Second  or  Sup.  Max.  Div. 
of  the  Trigem.  N. 


Ant.  Br.  of  Mid.  Mening. 
Artery. 
Gasserian  Ganglion. 

Third  or  Inferior  Max. 
Div.  of  Trigem.  N. 

Cavernous  Sinus. 


j^ Tympanic  Ossicles. 

.    Ext.  Semicirc.  Canal . 
Mastoid  Antrum. 

Sup.  Petrosal  Sinus. 


. .  Lateral  Sinus. 


Mastoid  Emissary  Vein. 


FlG.  5.  — The  base  of  the  skull  viewed  from  the  interior.  The  dura  mater  remains  in  position 
except  in  the  middle  cranial  fossa.  The  venous  sinuses  are  indicated  in  blue,  and  the 
cranial  nerves  are  shown  at  their  respective  points  of  exit.  The  Gasserian  ganglion  lies  in 
situ,  and  its  three  divisions  are  seen  in  their  intracranial  course.  The  roof  of  the  tympanum 
and  also  of  the  antrum  has  been  removed,  and  the  auditory  ossicles  (malleus  and  incus)  are 
seen  in  position.  The  outline  of  the  bony  labyrinth — cochlea,  vestibule,  and  semicircular 
canals — is  projected  on  the  floor  of  the  middle  fossa. 


which   roofs    over  the    nasal   and   orbital    cavities    is    very    thin,   and 
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numerous  instances  are  on  record  in  which  it  has  been  pierced  by  sharp 
instruments  introduced  from  below  upwards  through  the  nose,  or  from 
beneath  the  supra-orbital  margin.  As  wounds  inflicted  in  this  way 
occasionally  leave  but  very  slight  external  mark,  their  grave  nature  may 
remain  unsuspected. 

Fractures  which  implicate  the  anterior  fossa  are  usually  of  the 
fissured  variety,  and  radiate  downwards  to  it  from  the  vertex.  Should 
the  orbital  roof  be  involved,  the  resulting  haemorrhage  may  be  consider- 
able and  distend  the  orbital  cavity,  compressing  its  contents  and  causing 
a  protrusion  of  the  eyeball  (exophthalmos).  The  haemorrhage  may 
travel  forwards  also  beneath  the  ocular  and  palpebral  conjunctivas, 
where,  owing  to  its  superficial  position,  it  presents  a  bright  arterial 
hue.  When  the  fracture  traverses  the  nasal  roof  it  will  probably  be 
followed  by  the  escape  of  blood  and  of  cerebro-spinal  fluid  into  the 
nasal  cavity.  Such  a  fracture  owes  its  seriousness  mainly  to  the  fact 
that  it  is  of  the  compound  variety,  and  the  careful  attention  of  the  surgeon 
should  be  directed  towards  preventing  the  onset  of  septic  complications 
(meningitis}. 

When  the  bony  wall  and  mucous  membrane  which  lines  the  frontal  air 
sinus  are  involved,  air  will  subsequently  find  its  way  beneath  the 
scalp,  forming  a  puffy  swelling,  crepitating  on  pressure  (surgical 
emphysema) ;  air  may  also  reach  the  orbital  cavity,  seeing  that  the 
frontal  sinus  extends  backwards  for  some  distance  over  the  orbital 
roof. 

When  fractures  of  the  type  just  described  reach  the  posterior  part 
of  the  fossa,  they  usually  do  so  at  the  level  of  the  optic  foramen  or 
sphenoidal  fissure ;  the  optic  nerve  in  the  first  instance,  and  the  orbital 
nerves  in  the  second,  are  liable  at  the  same  time  to  have  their  functions 
seriously  interfered  with,  either  as  the  result  of  the  concussion  which 
attends  the  injury,  or  more  probably  in  consequence  of  the  succeeding 
haemorrhagic  extravasation.  A  very  grave  form  of  fracture  of  the  anterior 
fossa  is  that  which  is  caused  by  a  severe  blow  on  the  nose,  the  effect  of 
which  is  to  depress  it,  and  simultaneously  drive  the  septum  upwards 
and  backwards  into  the  interior  of  the  cranium.  The  author  has  known 
a  fatal  case  of  this  sort  produced  by  the  kick  of  a  horse. 

The  close  relationship  which  exists  between  the  lower  aspect  of  the 
frontal  lobe  of  the  brain  and  the  floor  of  the  fossa,  as  indicated  by  the 
ridges  and  depressions  upon  the  bone,  is  sufficient  to  explain  the  not 
infrequent  laceration  of  the  surface  of  the  brain  at  this  level,  which  has 
been  noted  in  some  cases  of  cerebral  concussion  ending  fatally. 

The  Middle  Cranial  Fossa  lodges  the  temporal  lobe  of  the  brain. 
The  bones  which  enter  into  its  formation  are  the  great  wing  of  the 
sphenoid  in  front,  the  petrous  segment  of  the  temporal  bone  behind,  and 
a  small  portion  of  its  squamous  segment  externally.  This  fossa  is 
separated  from  its  fellow  by  the  sella  turcica,  which  in  the  recent  state 
lodges  the  pituitary  body  enclosed  in  a  duplicature  of  the  dura  mater. 
The  long  axis  of  the  fossa  is  directed  from  before  backwards  and  out- 
wards, and  in  this  direction  it  presents  a  concavity,  the  degree  of  which 
varies  somewhat  in  individual  skulls,  but  which  does  not  as  a  rule  reach 
a  lower  level  than  the  upper  border  of  the  zygomatic  arch.  At  its  inner 
part  the  fossa  presents  a  series  of  foramina  arranged  closely  one  behind 
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the  other.  The  sphenoidal fissure  in  front  leads  into  the  orbital  cavity,  and 
transmits  the  third,  fourth,  ophthalmic  division  of  the  trigeminal,  and  the 
sixth  nerves,  together  with  the  ophthalmic  vein.  The  foramen  rotundum 
transmits  the  second  division  of  the  trigeminal  nerve  to  the  spheno- 
maxillary  fossa.  The  foramen  ovale  transmits  the  third  division  of  the 
trigeminal  nerve  and  the  small  meningeal  artery.  The  foramen  spinosum 
admits  the  middle  meningeal  artery  to  the  interior  of  the  skull.  The 
foramen  lacerum  medium  is  occupied  by  a  mass  of  cartilage  in  the  recent 
state  ;  at  its  inner  part  it  is  traversed  by  the  internal  carotid  artery  ;  the 
cartilaginous  extremity  of  the  Eustachian  tube  lies  immediately  beneath 
it,  and  it  is  overlaid  by  the  Gasserian  ganglion  (fig.  5).  The  density 
and  thickness  of  the  bone  vary  considerably  throughout  the  fossa ;  it  is 
very  dense  behind,  at  the  level  of  the  petrous  bone,  and  in  front  too,  where 
it  overlies  the  zygomatic  fossa,  it  is  moderately  thick  as  a  rule,  but  in 
the  intermediate  area  it  is  comparatively  thin.  The  outer  part  of  this 
area  overlies  the  glenoid  fossa,  and  its  degree  of  thinness  will  be  readily 
appreciated  by  holding  the  macerated  skull  up  to  the  light.  More 
internally,  a  thin  layer  of  bone  extends  from  before  backwards  over  the 
Eustachian  tube,  the  tympanum,  and  the  mastoid  antrum.  In  fig.  5  this 
bony  layer  has  been  in  part  removed,  exposing  the  tympanum  and 
tympanic  ossicles  in  front,  and  the  mastoid  antrum  behind.  The  im- 
portance of  the  close  relationship  of  the  middle  cranial  fossa  to  these 
parts  is  fully  dealt  with  in  connection  with  the  applied  anatomy  of  the 
tympanum  and  mastoid  cells.  The  reader  is  recommended  at  this  stage 
to  consult  fig.  23,  p.  68. 

Although  the  petrous  bone  possesses  such  density,  yet  its  strength 
and  resisting  power  are  largely  neutralised  by  the  manner  in  which  its 
interior  is  hollowed  out  by  the  labyrinth,  the  internal  auditory  meatus, 
the  jugular  fossa,  and  the  carotid  canal.  Its  weakest  part  may  be 
indicated  by  a  line  connecting  the  internal  with  the  external  auditory 
meatus,  the  only  parts  which  intervene  between  these  passages  being  the 
cochlea,  and  in  the  recent  state  the  membrana  tympani ;  this  is  well 
seen  in  fig.  18.  Bearing  these  facts  in  mind,  it  is  easy  to  understand 
why  fractures  of  the  middle  fossa  which  radiate  downwards  from  the 
temporal  region  so  frequently  involve  the  petrous  bone  at  this  point  of 
diminished  resistance.  A  fracture  taking  the  direction  just  indicated 
is  very  commonly  followed  by  the  discharge  of  blood  and  cerebro-spinal 
fluid  through  the  external  auditory  meatus.  In  order  that  this  should 
happen,  the  following  parts  must  be  torn  or  fractured — the  dura  mater, 
and  the  tubular  extension  of  the  arachnoid  within  the  internal  auditory 
meatus,  the  cochlea,  and  the  membrana  tympani.  This  fracture  is  of 
course  compound,  and  should  be  carefully  treated  as  such. 

Two  important  venous  sinuses  are  related  to  the  middle  fossa,  viz., 
the  cavernous  sinus,  which,  in  conjunction  with  the  internal  carotid  artery, 
occupies  the  groove  at  the  side  of  the  body  of  the  sphenoid,  and  the 
superior petrosal  sinus,  which  is  directed  from  before  backwards  along  the 
upper  border  of  the  petrous  pyramid,  forming  a  connecting  link  between 
the  cavernous  and  lateral  sinuses. 

The  Posterior  Cranial  Fossa  lodges  the  cerebellum,  the  medulla 
oblongata,  and  the  pons  Varolii.  In  the  recent  state  it  is  covered  by 
the  tentorium,  which  supports  on  its  upper  surface  the  occipital  lobes  of 
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the  cerebrum.  In  front,  an  oval  aperture  is  left  at  the  posterior  aspect 
of  the  dorsum  sellae,  bounded  laterally  by  the  free  margin  of  the 
tentorium,  and  within  which  the  mesencephalon  is  contained.  At  the 
floor  of  the  fossa,  the  foramen  magnum  marks  the  boundary  line  between 
the  cranial  cavity  and  the  spinal  canal ;  it  also  serves  to  indicate  the 
junction  between  the  spinal  cord  and  the  medulla  oblongata.  The 
bones  which  enter  into  the  constitution  of  the  fossa  are,  the  posterior  part 
of  the  body  of  the  sphenoid,  the  occipital  bone,  with  the  exception  of 
the  upper  part  of  its  supra-occipital  segment,  or  that  part  which  lies  above 
the  lateral  angles  of  the  bone  and  the  groove  for  the  lateral  sinus,  the 
inner  aspect  of  the  mastoid,  and  the  posterior  surface  of  the  petrous 
segment  of  the  temporal  bone.  The  thickness  of  the  bone,  however,  in 
this,  as  in  the  middle  fossa,  varies  ;  it  is  most  strongly  developed  in  the 
middle  line,  both  in  front  and  behind,  as  well  as  upon  each  side  of  the 
foramen  magnum,  but  is  very  thin  in  the  concavities  of  the  cerebellar 
fossae.  All  the  cranial  nerves,  with  the  exception  of  the  first  three,  are 
contained  during  part  of  their  course  within  this  fossa  (fig.  5),  but  a 
more  important  relationship  perhaps,  in  a  surgical  sense,  is  that  which  is 
established  between  the  fossa  and  the  lateral  sinus  (see  Lateral  Sinus). 
The  practical  significance  of  this  relationship  will  be  fully  realised 
when  the  reader  comes  to  consider  the  applied  anatomy  of  the 
tympanum  and  mastoid  cells. 

The  usual  variety  of  fracture  which  is  met  with  in  the  posterior  fossa 
resembles  that  already  described  in  connection  with  the  anterior  and 
middle  fossae,  viz.,  one  which  radiates  from  the  vertex.  Fractures 
involving  this  fossa  have  also  been  known  to  follow  falls  on  the  feet 
or  buttocks,  and  are  evidently  due  in  such  cases  to  the  forcible  impact 
between  the  basis  cranii  and  the  vertebral  column.  Should  the  line  of 
fracture  traverse  the  roof  of  the  pharynx,  its  presence  may  possibly  be 
suspected  by  the  resulting  haemorrhage — the  blood  has  in  some  cases 
been  observed  trickling  down  the  pharynx,  the  mouth  being  widely 
opened  and  the  tongue  depressed.  If  the  fracture  cross  the  path  of 
the  lateral  sinus,  blood  will  make  its  way  between  the  broken  edges  and 
beneath  the  scalp  at  the  back-  of  the  ear  and  form  a  swelling,  the 
true  nature  of  which  will  quickly  be  revealed  by  an  extensive  ecchymosis 
of  the  skin.  The  thinness  of  the  bone  and  the  consequent  weakness 
of  the  base  of  the  skull  in  the  cerebellar  fossa  is  to  some  extent  atoned 
for  by  its  thick  muscular  covering  ;  nevertheless,  stab  wounds  in  this 
region  may  readily  penetrate  the  bone  and  involve  the  cerebellum. 

The  Foetal  Skull. — The  skull  of  the  full  term  foetus  can  in  no  way 
be  regarded  as  the  counterpart  of  the  adult  skull  in  a  greatly  reduced 
form,  but  differs  from  the  latter  in  several  important  particulars.  Its 
most  striking  characteristic  perhaps  is  the  predominance  of  its  cranial 
over  its  facial  segment.  The  cranial  vault  is  large,  especially  in  the 
parietal  regions,  and  the  bones  which  enter  into  its  composition  are 
thin,  flexible,  and  elastic  ;  their  surfaces  too  are  smooth,  presenting  neither 
eminences  nor  depressions.  In  thickness  the  cranial  bones  consist  of 
but  a  single  layer,  as  the  diploic  tissue  has  not  yet  appeared,  and 
their  margins  do  not  come  into  apposition,  but  are  separated  by 
membranous  spaces,  where  the  dura  mater  and  pericranium  come  into 
contact.  These  intervals  are  best  marked  at  the  angles  of  the  parietal 
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bones,  forming  what  are  known  as  the  fontanelles,  of  which  there  are  six 
in  number,  two  on  each  side  and  two  at  the  vertex.  The  latter  pair, 
viz.,  the  superior  fontanelles,  are  the  more  important  of  the  series  ;  the 
posterior  has  originally  a  triangular  outline,  but  has  practically  become 
indistinguishable  by  the  time  of  birth  ;  the  lines  of  junction  of  the 
occipital  and  parietal  bones  or  lambdoid  suture  can  nevertheless  be 
made  out  by  digital  palpation.  The  anterior  fontanelle  is  quadrilateral 
or  lozenge-shaped,  it  is  open  at  birth,  and  usually  measures  a  little  over 
an  inch  from  before  backwards,  and  about  an  inch  from  side  to  side ;  it 
can  just  be  covered  by  the  tips  of  two  fingers.  Both  the  anterior  and 
lateral  fontanelles  are  completely  closed  as  a  rule  before  the  fourth  year, 
and  in  the  adult  their  original  site  is  sometimes  represented  by  small 
irregular  ossifications,  known  as  Wormian  bones. 

In  consequence  of  these  membranous  intervals  which  separate  the 
cranial  bones,  and  the  degree  of  flexibility  which  the  latter  possess, 
the  fcetal  head  is  capable  of  undergoing  a  considerable  reduction  in 
volume  when  it  becomes  engaged  in  the  pelvis  during  parturition ;  the 
parietal  bones  overlap  each  other  along  the  sagittal  suture,  and  both 
parietals  behind  overlap  the  occipital.  The  bones  also  are  capable  of 
bending  freely  without  any  fracture  necessarily  taking  place. 

The  base  of  the  fcetal  cranium  is  relatively  small,  and  its  constituent 
parts  develop  from  cartilage,  whereas  in  the  vault  they  develop  from 
membrane.  The  diminutive  size  of  the  face  in  comparison  with  the 
cranium  is  to  be  attributed  mainly  to  the  undeveloped  condition  of  the 
nasal  fossae,  with  their  accessory  sinuses— -frontal,  maxillary,  and 
ethmoidal;  to  a  less  extent  it  depends  upon  the  undeveloped  state  of 
the  teeth  and  the  alveolar  margins  of  the  jaws. 

It  is  worthy  of  note  that  the  higher  sense-organs,  viz.,  the  eye  and 
the  ear,  have  reached  a  remarkably  advanced  degree  of  development  at 
the  time  of  birth.  The  mastoid  cells,  with  the  exception  of  the  antrum, 
are  absent  in  the  foetus,  and  consequently  there  is  no  external  projection 
to  be  noted  behind  the  ear. 

The  Skull  in  Rickets. — The  effects  of  this  pathological  state  upon 
the  skull  are  best  seen  in  the  vault;  its  volume  is  frequently  increased, 
and  the  frontal  and  parietal  eminences  become  unduly  prominent. 
The  bones  of  the  vault,  too,  are  thickened  near  their  growing  margins, 
especially  in  the  neighbourhood  of  the  coronal  suture,  and  a  somewhat 
similar  condition  may  occasionally  be  observed  in  children  suffering 
from  congenital  syphilis.  The  thickened  portions  of  the  bones  con- 
stitute what  are  familiarly  known  as  Parrot's  nodes.  In  the  occipital 
region,  on  the  other  hand,  the  bone  may  become  very  thin,  and  may  even 
disappear  in  places,  leaving  membranous  gaps  (cranio-tabes\  The 
constant  lying  of  the  child  in  the  supine  position  probably  accounts 
for  this  wasting  in  the  soft  rickety  bone. 

CONGENITAL  AFFECTIONS.— Meningocele  is  a  form  of  con- 
genital tumour  which  is  caused  by  a  protrusion  of  the  membranes  of  the 
brain,  together  with  a  variable  amount  of  cerebro-spinal  fluid  through  an 
unossified  portion  of  the  skull.  If,  in  addition  to  the  fluid,  the  protrusion 
includes  a  portion  of  the  brain  substance,  it  is  called  a  meningo- 
encephalocele,  and  if  the  brain  contains  fluid  in  its  interior,  a  hydren- 
cephalocele. 
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The  most  usual  sites  for  a  meningocele  are  the  junction  of  the  nose 
with  the  forehead,  and  the  occipital  region.  In  the  latter  case  the 
protrusion  leaves  the  skull,  as  a  rule,  in  the  middle  line,  between  the  site 
of  the  external  occipital  protuberance  and  the  foramen  magnum,  where 
a  membranous  interval  exists  in  early  fcetal  life  (occipital  fontanelle)  ; 
although  these  tumours  have  usually  a  sessile  attachment,  yet  they  are 
occasionally  pedunculated.  Meningoceles  have  been  found  at  the  base  of 
the  skull,  protruding  into  the  nose  through  the  cribriform  plate  of  the 
ethmoid,  or  into  the  naso-pharynx  through  the  interval  between  the 
occipital  and  sphenoid  bones. 

Dermoid  Tumours  in  the  region  of  the  cranial  vault  possess 
very  great  developmental  interest.  In  early  embryonic  life  the 
primitive  cranium  consists  entirely  of  membrane,  and  is  invested  on  its 
exterior  by  the  tissues  which  subsequently  form  the  scalp.  The  bone 
which  subsequently  becomes  the  cranium  gradually  grows  in  between 
the  two,  but  as  the  process  of  ossification  is  comparatively  slow,  the 
integumentary  structures  remain  in  contact  for  a  considerable  period 
with  this  primitive  cranium,  especially  at  the  level  of  the  anterior 
fontanelle,  where  dermoids  of  the  scalp  have  been  most  frequently 
observed.  It  is  quite  possible  that  a  rudimentary  piece  of  integument 
may  remain  in  contact  with  the  dura  mater  as  a  tumour  germ,  and  at 
a  later  period  develop  into  a  cyst.  Assuming  that  this  hypothesis  is 
correct,  it  is  easy  to  understand  how  a  dermoid  projecting  from  the 
surface  of  the  head  may  have  a  pedicle  passing  through  the  bone 
attaching  it  to  the  dura  mater,  or  how  it  may  happen  that  the  tumour 
may  be  situated  altogether  within  the  skull  between  the  layers  of  the 
dura  mater. 


THE  MEMBRANES  OF  THE  BRAIN. 

The  membranes  which  invest  the  brain  are  three  in  number,  and 
are  named  respectively,  from  without  inwards,  the  dura  mater,  the 
arachnoid  mater,  and  the  pia  jnater. 

The  Dura  Mater  (fig.  6)  is  a  dense  fibrous  membrane,  which  adheres 
to  the  inner  aspect  of  the  cranium  in  its  entire  extent,  and  is  continuous 
through  the  foramen  magnum  with  the  dura  mater  of  the  cord.  In 
the  foetus  it  forms  an  investing  capsule  for  the  brain,  and  is  in  fact 
to  be  regarded  as  the  primitive  cranium,  in  contact  with  the  outer 
aspect  of  which  the  bony  cranium  subsequently  develops.  When  these 
changes  have  taken  place,  the  dura  behaves  as  an  internal  periosteum 
to  the  bone,  seeing  that  the  nutrition  of  the  latter,  as  already  stated,  is 
mainly  dependent  upon  the  meningeal  arteries  which  ramify  in  the  outer 
aspect  of  the  membrane.  Although  the  periosteal  function  of  the  dura 
is  quite  evident  in  so  far  as  its  vascular  arrangements  are  concerned,  yet, 
in  common  with  the  pericranium  which  covers  the  exterior  of  the 
cranium,  it  has  little  bone-forming  power.  This  is  very  evident  in  cases 
of  fracture  with  which  there  is  an  almost  complete  absence  of  callus, 
and  also  after  loss  of  bone  from  various  causes,  where  the  reparative 
process,  so  far  as  the  formation  of  new  bone  is  concerned,  is  very 
imperfect. 
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The  degree  of  adhesion  between  the  dura  and  the  bone  varies,  but  on 
the  whole,  it  may  be  said  to  be  more  loosely  connected  throughout  the' 
region  of  the  vault  than  at  the  base.  It  is  particularly  adherent  over 
the  cribriform  plate,  the  sella  turcica,  arid  the  petrous  bone,  and  con- 
sequently is  usually  torn  in  basal  fractures  which  traverse  these  parts.  In 
the  vault,  the  membrane  is  most  easily  detached  from  the  bone  at  the 
level  of  the  temporal  fossa,  and,  as  will  be  shown  presently,  this  lax 
adhesion  is  a  matter  of  very  great  interest  in  connection  with  extradural 
haemorrhage.  In  the  fcetus  and  during  early  infantile  life  the  adhesion 

Dura  Mater. 


Ant.  Br.  of  Mid.  Mening.  Art. 


Post.  Br.  of  MiJ. 
Mening.  Art. 


Lat.  Sinus. 


FIG.  6. — Dissection  of  the  head,  showing  the  outer  surface  of  the  dura  mater  in  sttu.  The 
branches  of  the  middle  meningeal  artery  ramify  over  its  surface,  and  the  lateral  sinus  is  seen 
in  part  of  its  course.  The  lines  of  suture  are  also  indicated  upon  the  surface  of  the  dura. 

of  the  dura  to  the  cranium  is  very  close,  the  forcible  separation  of  one 
from  the  other  being  attended  with  considerable  difficulty.  In  advanced 
age  the  adhesion  of  the  dura  again  becomes  very  pronounced,  and 
interferes  greatly  with  the  removal  of  the  skullcap  post-mortem. 
The  adhesion  of  the  membrane  to  the  skull  is  occasionally  increased 
from  pathological  causes,  such  as  chronic  pachymeningitis.  At  the 
base  of  the  skull  the  dura  extends  through  the  foramina  and  sends 
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fibrous  prolongations  along  the  nerves,  that  of  the  optic  nerve  being 
continuous  with  the  sclerotic  coat  of  the  eyeball.  When  the  outer  surface 
of  the  dura  is  exposed  by  the  removal  of  the  skullcap  there  are  seen,  in 
addition  to  the  branches  of  the  middle  meningeal  artery  already 
mentioned,  several  conical  projections  studded  over  its  surface,  close  to 
the  superior  longitudinal  sinus  ;  they  are  caused  by  the  arachnoidal  villi 
or  Pacchionian  bodies,  and  will  be  more  fully  described  presently.  The 
dura  mater,  where  it  overlies  these  projections,  is  usually  of  a  very 
attenuated  character. 

The  inner  surface  of  the  membrane  is  smooth  and  shining  like  a 
serous  membrane,  with  which  indeed  it  is  identical.  It  is  normally  in 
close  contact  with  the  arachnoid,  a  thin  capillary  layer  of  serous  fluid 
alone  intervening,  and  in  this  respect  the  subdural  contrasts  with  the 
subarachnoid  space  in  being  potential  rather  than  real. 

In  addition  to  its  periosteal  function,  the  dura  mater  by  its 
cleavage  at  certain  points  into  two  layers  forms  a  number  of  venous 
sinuses;  it  also  provides  certain  supporting  processes  for  the  brain,  the 
more  important  of  which  are  the  falx  cerebri  and  the  tentorium  cerebelli. 
The  former  of  these  dips  down,  after  the  manner  of  a  thin  mesial 
partition,  between  the  cerebral  hemispheres,  the  latter  is  directed  across 
from  one  side  of  the  skull  to  the  other,  with  a  well  marked  upward 
convexity ;  it  furnishes  the  posterior  cranial  or  cerebellar  fossa  with  a 
dome-like  roof,  and  forms  a  partition  between  the  occipital  lobes  of 
the  cerebrum  and  the  cerebellum.  These  strong  partitions  support  the 
brain,  and  protect  it  from  the  serious  effects  of  blows  or  falls  on  the 
skull.  They  also  confine  the  cerebrum  and  the  cerebellum  within  three 
definite  compartments,  without  which,  falls  upon  the  occiput,  feet  or  knees 
would  undoubtedly  drive  the  cerebrum  forcibly  against  the  cerebellum 
and  crush  it.  Similarly,  falls  or  contusions  inflicted  upon  the  side  of  the 
head,  in  the  absence  of  the  falx  cerebri,  would  drive  one  cerebral  lobe 
against  the  other,  and  a  very  slight  form  of  injury  under  such  circum- 
stances would  be  sufficient  to  cause  severe  concussion. 

The  great  strength  and  at  the  same  time  the  higJily  inelastic  character 
of  the  dura  mater  enable  it  to  -afford  invaluable  protection  to  the  brain 
when  the  skull  is  fractured,  and  more  especially  if  the  broken  fragments 
are  depressed.  Under  such  conditions,  the  resisting  power  of  the 
membrane  is  so  great  that  it  frequently  remains  untorn,  and  thus  saves 
the  delicate  brain  tissue  from  laceration.  Again,  even  when  extensive 
portions  of  the  cranial  wall  have  been  removed  as  part  of  some  operative 
procedure,  or  have  exfoliated  as  the  result  of  necrosis,  the  dura  mater 
covered  by  the  scalp  forms  an  excellent  protection  subsequently  for  the 
subjacent  brain.  Although  no  true  lymphatic  vessels  are  to  be  found 
within  the  dura  mater,  yet  it  possesses  an  elaborate  system  of  freely 
communicating  lymph  spaces  between  its  fibrous  trabeculae,  and  it  is 
important  to  note  that  fluids  injected  between  the  membrane  and  the  bone 
(extradural  space}  readily  pass  through  into  the  subdural  space.  From 
this  it  will  be  understood  how  infective  fluids  in  contact  with  the  outer 
surface  of  the  dura  (extradural  abscess}  may  reach  the  subdural  space 
and  rapidly  involve  the  pia  mater — leptomeningitis. 

The  term  fungus  of  the  dura  mater  has  been  applied  to  certain 
growths  of  a  malignant  character,  usually  sarcomata,  which  originate 
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in  it  and  eat  their  way  into  the  bone.  This  eventually  is  per- 
forated, after  which  the  rapidly  growing  tumour  invades  the  scalp, 
breaks  through  the  skin,  and  it  is  then  its  fungating  character  becomes 
manifest. 

The  consideration  of  the  meningeal  vessels  and  venous  sinuses 
should,  correctly  speaking,  be  included  here ;  it  will  be  more  con- 
venient, in  view  of  their  applied  anatomy,  to  defer  further  mention  of 
them  until  the  reader  has  studied  the  arachnoid  and  the  pia  mater. 

The  Arachnoid  and  the  Pia  Mater  contrast  very  forcibly  with  the 
•dura  in  the  extreme  delicacy  of  their  structure.  The  outer  surface  of 
the  arachnoid,  which  is  turned  towards  the  dura,  is  smooth  and  shining, 
but  its  inner  surface  is  connected  throughout  with  the  pia  mater  by  a 
•delicate  filamentous  tissue  arranged  in  the  form  of  a  network,  with 
wide  meshes,  the  interstices  of  which  are  occupied  by  the  subarachnoid 
or  cerebro-spinal  fluid.  The  interval  between  these  membranes  is 
known  as  the  subarachnoid  space.  The  arachnoid  passes  over  the 
•convolutions  without  dipping  into  the  sulci,  and  the  larger  cerebral 
vessels  lie  beneath  it,  the  arteries  for  the  most  part  at  the  base,  the 
veins  mainly  over  the  lateral  and  superior  aspects  of  the  hemispheres. 
Like  the  dura,  the  pia  and  arachnoid  membranes  of  the  brain  extend 
into  the  spinal  canal,  and  are  continuous  with  the  corresponding 
membranes  of  the  cord. 

The  Pia  Mater,  unlike  the  arachnoid,  dips  into  all  the  fissures  of  the 
brain,  and  is  closely  applied  to  its  surface.  It  extends  also  into  the 
brain  through  the  transverse  fissure,  where  it  forms  the  velum  inter- 
J>ositum  and  helps  to  roof  over  the  fourth  ventricle.  Just  as  the  dura 
mater  is  the  main  nutrient  membrane  of  the  cranial  wall,  so  the  pia 
mater  is  to  be  regarded  as  the  nutrient  membrane  of  the  brain.  The 
cerebral  arteries  ramify  in  it,  and  break  up  into  very  minute  branches 
before  entering  the  brain  substance,  and  within  the  ventricles  it  forms 
a  number  of  vascular  fringes,  which  are  known  as  the  clioroid  plexuses. 
Furthermore,  the  pial  vessels,  as  they  enter  the  brain,  carry  in  with 
them  tubular  sheaths  of  pia  mater.  The  interval  which  exists  between 
•each  of  these  vessels  and  its  sheath  constitutes  a  lymph  channel  or 
perivascular  space,  and  is  directly  continuous  with  the  subarachnoid 
space.  This  explains  why  leptomeningitis  is  always  accompanied  by 
a  certain  degree  of  encephalitis. 

The  Subarachnoid  Space  will  be  found  to  vary  greatly  in  its  extent 
when  examined  in  its  relations  to  the  different  regions  of  the  brain.  In 
some  places,  such  as  the  outer  aspect  of  the  hemispheres,  the  pia  and 
arachnoid  are  closely  related  to  each  other,  and  consequently  the 
subarachnoid  space  is  comparatively  narrow.  In  other  places,  however, 
it  attains  considerable  proportions,  occupying  wide  intervals,  the  so- 
called  cisterna  arachnoidales.  The  largest  of  these  are,  the  cisterna 
j)ontis,  at  the  base  of  the  brain,  subjacent  to  the  medulla,  pons,  and 
interpeduncular  space ;  the  cisterna  magna,  between  the  roof  of  the 
fourth  ventricle  and  the  inferior  vermiform  process  of  the  cerebellum, 

<fig.  7> 

Other  noteworthy  extensions  of  the  subarachnoid  space  are  to  be  noted 
between  the  lower  border  of  the  falx  cerebri  and  the  corpus  callosum, 
and  along  the  Sylvian  fissure  ;  the  subarachnoid  space  of  the  brain  also 
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is  continuous  with  that  of  the  cord.  The  arachnoidal  villi,  which  are 
represented  diagrammatically  in  fig.  I,  and  which  have  been  alluded  to 
already  on  several  occasions,  contain  extensions  from  the  subarachnoid 
space  in  their  interior,  and  project  usually  either  into  the  superior 
longitudinal  sinus  or  into  the  lacunar  spaces  which  exist  in  connection 
with  it  on  each  side  of  the  middle  line.  Again,  the  subarachnoid  space 
of  the  brain  is  continuous  with  the  interior  of  the  fourth  ventricle 
through  certain  apertures  in  the  roof  of  the  latter,  viz.,  the  foramen  of 
Majendie  in  the  middle,  and  the  foramina  of  Key  and  Retzius  opposite 
the  lateral  recesses  of  the  ventricle.  The  ventricular  cavities  also  are 
quite  continuous  with  each  other  through  the  aqueduct  of  Sylvius,  which 
connects  the  fourth  ventricle  with  the  third,  and  through  the  foramina 
of  Monro,  which  connect  the  third  ventricle  with  the  lateral  ventricles. 
According  to  Merkel,  a  minute  slit-like  aperture  normally  exists  in  the 
floor  of  the  descending  horn  of  the  lateral  ventricle,  which  serves  to 
connect  the  ventricular  cavity  with  the  basal  subarachnoid  space  of  the 
brain. 
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FIG.  7. — The  subarachnoid  space,  showing  its  larger  expansions  at  the  base  of  the  brain. 
(Modified  from  Key  and  Retzius.) 

The  various  nerves,  as  they  issue  from  the  cranial  cavity,  are 
surrounded  by  perineural  spaces,  which  are  continuous  with  the  main 
subarachnoid  space.  The  most  important  of  these,  from  the  applied 
standpoint,  are  in  connection  with  the  optic  nerve,  and  with  the  nerves 
which  are  contained  within  the  internal  auditory  meatus. 

The  olfactory  nerves  also  which  pierce  the  cribriform  plate  of  the 
ethmoid  have  well  defined  perineural  sheaths — see  the  Lymphatics  ot 
the  nasal  mucous  membrane  (p.  148).  The  optic  extension  is  particularly 
of  interest.  By  means  of  the  ophthalmoscope  the  termination  of  the 
optic  nerve  in  the  retina  (fig.  40)  can  be  easily  studied,  and  it  is 
observed  that  the  retinal  veins  invariably  become  swollen*  and  tortuous, 
and  the  optic  disc  cedematous  in  cases  of  increased  intracranial 
tension  ;  for  this  reason  the  routine  examination  of  the  fundus  of  the 
eye  is  systematically  carried  out  in  all  cases  of  suspected  cerebral 
disease.  The  explanation  of  these  ocular  phenomena  is  probably  to 
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be  found  in  the  increased  pressure  within  the  sheath  of  the  nerve, 
which  under  certain  pathological  conditions,  viz.,  tumour,  abscess,  etc., 
is  transferred  along  it  from  the  subarachnoid  space.  The  practical 
significance  of  the  perineural  sheaths  of  the  facial  and  auditory  nerves 
is  mainly  dependent  upon  the  fact  that  they  may  serve  as  conducting 
paths  for  infection  spreading  from  without  inwards.  Thus,  in  cases  of 
fracture  of  the  middle  fossa  of  the  skull,  septic  processes  may  travel  in- 
tracranially  along  the  sheath  of  the  facial  nerve ;  they  may  follow  the 
same  route  also  in  the  course  of  middle-ear  disease.  The  auditory 
nerve  likewise  acts  occasionally  as  a  conductor  of  septic  infection  in 
cases  of  otitis  media  in  which  the  process  has  invaded  the  cochlea — see 
Complications  of  otitis  media  (p.  62).  In  these  instances  the  immediate 
outcome  of  the  intracranial  infection  is  a  diffuse  basal  meningitis,  which 
is  invariably  fatal.  The  post-mortem  appearances  in  a  case  of  this 
kind  are  characterised  mainly  by  the  presence  of  a  quantity  of  a  yellow 
fibrino-purulent  exudation  within  the  meshes  of  the  subarachnoid  space, 
at  the  level  of  the  interpeduncular  region  and  beneath  the  cerebellum. 

The  Cerebro-Spinal  Fluid  differs  in  its  composition  from  ordinary  lymph  ;  its  specific 
gravity  is  low.  about  1010,  it  contains  barely  a  trace  of  proteid,  and  its  inorganic  constituents 
resemble  those  of  normal  blood  serum.  There  is  present  in  it,  however,  a  peculiar  body  which, 
like  dextrose,  has  the  power  of  reducing  salts  of  copper  ;  it  is  said  to  be  pyrocatechin,  or  a  closely 
allied  body  (Foster).  The  chief  source  of  the  fluid  appears  to  be  the  choroid  plexuses  within 
the  ventricles,  and  it  is  probably  drained  away  for  the  most  part  by  the  arachnoidal  villi,  the 
relationship  of  which  to  the  superior  longitudinal  sinus  has  been  studied. 

The  Functions  of  the  Subarachnoid  Fluid  appear  to  be  for  the 
most  part  mechanical,  and  in  this  respect  there  can  be  little  doubt 
that  (i)  it  helps  to  regulate  the  intracranial  pressure,  and  that  (2) 
it  tends  to  diminish  the  effect  of  shocks  to  the  brain  mass. 

Under  normal  blood  pressure  conditions  the  brain  expands  and 
contracts  in  a  rhythmic  manner ;  with  each  systole  of  the  left 
ventricle  and  with  each  expiratory  movement  its  volume  increases  ; 
with  each  ventricular  diastole,  and  with  each  inspiration  its  volume 
diminishes.  If  the  brain  were  surrounded  by  an  unyielding  medium 
its  functions  would  be  seriously  jeopardised  ;  as  it  is,  however,  these 
changes  of  volume  are  accompanied  by  oscillations  in  the  cerebro- 
spinal  fluid  which  fills  up  the  recesses  between  the  brain  and  its 
osteo-membranous  covering.  With  each  expansion  of  the  brain  the 
fluid  is  partially  displaced  into  the  subarachnoid  region  of  the  cord,  and 
with  each  contraction  of  the  brain  the  fluid  returns,  and  so  the  intra- 
cranial pressure  is  maintained  in  a  state  of  equilibrium. 

The  shock  which  follows  blows  on  the  vertex  or  the  force  of  impact 
of  the  brain  against  the  base  of  the  skull  when  an  individual  falls  from 
a  height  on  the  feet  or  buttocks  is  greatly  lessened  by  the  fluid  in  the 
subarachnoid  space  acting  as  a  sort  of  water  cushion  beneath  the  delicate 
cerebral  substance  (Hilton).  In  contrast,  however,  with  the  security  thus 
afforded  to  the  posterior  regions  of  the  base  of  the  brain,  it  is  to  be  noted 
that  laceration  of  the  orbital  surfaces  of  the  frontal  lobes  may  occur  in 
cases  of  severe  concussion,  as  these  lie  in  contact  with  the  rigid  base  of 
the  skull,  and  lack  the  elastic  support  of  the  subarachnoid  fluid. 

The  Meningeal  Arteries  may  be  divided  into  three  groups,  corresponding  to  the  three 
cranial  fossae. 


THE  MEMBRANES  OF  THE  BRAIN  29 

1.  The  anterior  meningeal  arteries  come  from  the  anterior  and  posterior  ethmoidal  branches 
of  the  ophthalmic  artery  ;  some  small   twigs  of  the  middle   roeningeal  artery  also  reach   the 
anterior  fossa. 

2.  The  middle  meningeal  and  small  meningeal  branches  of  the  internal  maxillary,  together 
with  a  meningeal  branch  of  the  internal  carotid  artery,  are  distributed  within  the  middle  fossa. 

3.  The  posterior  meningeal  arteries  are  derived  from  the  occipital  and  ascending  pharyngeal 
branches  of  the  external  carotid  and  from  the  vertebral  artery. 

With  the  exception  of  the  middle  meningeal  artery,  the  remaining  vessels  just  enumerated  are 
quite  small,  and  their  areas  of  distribution  are  confined  entirely  to  the  basal  region  of  the  skull. 
The  middle  meningeal  artery,  together  with  the  parietal  branch  of  the  occipital  artery, 
supplies  the  dura  mater  which  lines  the  vault ;  it  is  chiefly  intended,  however,  for  the  nutrition 
of  the  bone. 

The  Middle  Meningeal  Artery  enters  the  middle  cranial  fossa  through  the  foramen 
Spinosum  (fig.  4).  It  extends  outwards  and  slightly  forwards  upon  the  great  wing  of  the  sphenoid, 
and,  as  a  rule,  while  still  in  contact  with  the  base,  divides  into  two  main  branches  (fig.  6).  The 
anterior  branch  ascends  in  a  groove  on  the  deep  aspect  of  the  parietal  bone  near  its  antero-inferior 
angle,  and  from  this  point  it  is  directed  upwards  and  backwards,  giving  off  several  collateral 
branches,  and  rapidly  diminishing  in  size.  Occasionally  that  part  of  the  meningeal  groove  which 
is  situated  beneath  the  antero-inferior  angle  of  the  parietal  bone  is  very  deep,  and  may  even  be 
completely  bridged  over  and  converted  into  a  canal.  The  posterior  branch  pursues  a  backward 
course  beneath  the  squamous  portion  of  the  temporal  bone  ;  it  too  gives  off  numerous  collateral 
branches,  and  may  be  traced  as  far  as  the  middle  line. 

In  some  cases  the  anterior  branch  divides  into  two  almost  immediately  after  its  origin  ;  the 
main  vessel  might  then  be  said  to  have  an  anterior,  middle,  and  posterior  division. 

In  addition  to  one  or  two  small  companion  veins,  the  middle  meningeal  artery,  or  at  least 
its  anterior  division,  is  accompanied  by  a  thin-walled  venous  channel,  which  at  the  vertex 
communicates  with  the  superior  longitudinal  sinus  and  is  continuous  with  the  spheno-parietal 
sinus  below  at  the  anterior  extremity  of  the  cavernous  sinus  (fig.  5). 

Meningeal  Haemorrhage. — There  are  three  possible  sites  for 
meningeal  haemorrhage: — I.  Between  the  dura  mater  and  the  bone. 
2.  The  subdural  space.  3.  The  subarachnoid  space. 

Extradural  Haemorrhage,  in  the  great  majority  of  cases,  proceeds 
from  rupture  of  the  middle  meningeal  artery,  its  anterior  branch  being 
implicated  more  frequently  than  the  main  trunk.  The  damage  to  the 
vessel  is  brought  about  either  by  a  fracture  of  the  skull  traversing  the 
temporal  fossa,  or  by  a  severe  degree  of  concussion.  It  has  been  proved 
that  falls  or  blows  on  the  skull  are  capable  of  causing  a  separation  of 
the  dura  mater  from  the  bone,  and  a  coincident  rupture  of  the  middle 
meningeal  artery,  without  any  fracture  having  taken  place.  The 
explanation  of  this  fact  is  to  -be  found  probably  in  the  peculiarly 
inelastic  nature  of  the  dura.  The  elasticity  of  the  cranium  enables  it  to 
yield  to  a  certain  extent  when  struck,  and  return  immediately  to  its 
normal  form,  and  it  is  just  this  want  of  power  on  the  part  of  the  dura 
to  accommodate  itself  to  the  altered  shape  of  the  skull  and  resume  its 
normal  position  afterwards  that  leads  to  the  separation  between  the 
two.  The  lax  adhesion  of  the  dura  in  the  temporal  region  no  doubt 
is  another  circumstance  which  may  have  some  influence  in  determining 
the  frequency  of  extradural  haemorrhage  in  this  situation. 

The  extravasated  blood  separates  the  dura  from  the  bone,  and 
exercises  a  powerful  and  often  fatal  degree  of  compression  upon  the 
brain.  As  the  compression  usually  affects  part  of  the  motor  region  of 
the  cortex,  the  paralysis  which  is  so  frequently  observed  on  the  opposite 
side  of  the  body  can  be  readily  explained. 

It  is  probable  that  the  spheno-parietal  sinus  is  often  wounded  in 
conjunction  with  the  artery,  especially  as  its  outer  wall,  which  lies  in 
contact  with  the  bone,  is  very  thin. 

Trephining  for  Middle  Meningeal  Haemorrhage. — The  anterior 
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division  of  the  middle  meningeal  artery  will  be  exposed  with  almost 
absolute  certainty  by  applying  the  pin  of  a  f-inch  trephine  at  a  point  on 
the  bone  two  inches  vertically  above  the  centre  of  the  zygomatic  arch. 
Should  the  part  of  the  vessel  which  is  wounded  lie  at  a  lower  level,  it 
may  be  reached  by  the  removal  of  another  piece  of  bone  lower  down, 
or  by  snipping  pieces  away  with  rongeur  forceps.  Some  surgeons  elect 
to  do  an  osteo-plastic  resection — i.e.  to  reflect  a  large  omega  flap  from 
the  temporal  region,  and  to  divide  the  bone  either  with  a  mallet  and 
chisel  or,  better  still,  with  a  Gigli  saw.  On  turning  down  the  flap  of 
bone  much  greater  facilities  will  be  afforded  for  securing  the  wounded 
vessel. 

If  the  artery  be  wounded  nearer  its  point  of  entry  within  the 
skull,  it  might  be  better  to  proceed  straightway  to  ligature  the 
external  carotid  artery  than  run  the  risk  of  damaging  the  brain  and 
perhaps  allowing  the  patient  to  lose  a  large  quantity  of  blood  in 
attempting  to  secure  the  bleeding  point.  Owing,  however,  to  the  free 
anastomoses  which  are  established  by  the  middle  meningeal  artery  with 
its  fellow  of  the  opposite  side,  some  haemorrhage  may  still  continue  after 
this  procedure. 

The  posterior  branch  of  the  middle  meningeal  artery  will  be 
exposed  by  applying  the  pin  of  a  f-inch  trephine  at  the  point  of  inter- 
section of  two  lines,  one  of  which  is  directed  from  before  backwards 
at  the  level  of  the  supra-orbital  margin  and  the  other  vertically  at  the 
posterior  border  of  the  mastoid  process  (Kronlein). 

Subdural  Haemorrhage  is  not  always  confined  to  the  interval 
between  the  dura  and  arachnoid,  but  in  cases  of  severe  head  injury  is 
apt  to  be  associated  with  haemorrhage  into  the  subarachnoid  space,  and 
between  the  dura  mater  and  the  cranium. 

It  is  quite  obvious,  from  the  arrangement  of  the  membranes,  that 
haemorrhage  in  the  subdural  space  may  travel  widely,  and  even  reach 
the  subdural  space  of  the  cord.  Macewen  has  laid  particular  stress  upon 
this  fact,  and  he  gives  a  warning  that  care  should  be  exercised  in  the 
course  of  operations  on  the  brain  to  prevent  extensive  diffusion  of  blood 
or  of  fluids  employed  for  purposes  of  irrigation  throughout  this  space^ 
as  they  might  accumulate  and  cause  dangerous  compression  of  remote 
regions  of  the  brain  such  as  the  medulla  oblongata. 

Dura  Haematoma. — The  exact  nature  of  localised  haemorrhages 
beneath  the  dura  mater  has  been  explained  in  various  ways.  According 
to  Prescott  Hewitt  and  others,  they  are  traumatic.  Another  view  which 
has  been  held  is  that  they  are  secondary  to  a  pachymeningitis,  in 
which  false  membranes  form  beneath  the  dura  mater,  and  that  the 
haemorrhage  proceeds  from  the  giving  way  of  the  small  capillary 
vessels  which  traverse  these  membranes  {Pachymeningitis  Hcemorrhagica 
of  Virchow).  It  is  probable  that  the  cysts  which  are  sometimes  found 
in  connection  with  the  dura  mater  are  in  reality  the  result  of  a  previous 
haemorrhage  which  in  some  cases  may  possibly  have  occurred  at 
birth  (internal  cephalhcematomd). 

Subarachnoid  Haemorrhage  generally  proceeds  from  the  vessels  of 
the  pia  mater  which  have  been  torn,  and  is  usually  associated  with 
superficial  laceration  of  the  brain  substance.  Aneurysmal  dilatations  are 
occasionally  found  on  the  central  arteries  at  the  base  of  the  brain,  and 


THE  MEMBRANES  OF  THE  BRAIN  31 

rupture  of  one  of  these  may  be  followed  by  copious  haemorrhage  into 
the  subarachnoid  space. 

The  Venous  Sinuses  of  the  Dura  Mater. — The  venous  sinuses  which  are  formed  by 
the  dura  mater  drain  away  the  blood  from  the  brain,  and  to  a  large  extent  also  that  which 
comes  from  the  bones  of  the  skull.  The  cerebro-spinal  fluid,  too,  apparently  filters  away  for 
the  most  part  through  the  arachnoidal  villi  into  the  superior  longitudinal  sinus.  Taken 
collectively,  the  sinuses  form  a  system  of  venous  channels  with  rigid  walls,  and  in  this  respect  they 
contrast  strongly  with  the  systemic  veins  generally  throughout  the  body,  the  walls  of  which, 
with  few  exceptions,  readily  collapse  Avhen  divided.  It  will  facilitate  the  proper  appreciation  of 
their  general  arrangement  if  they  be  considered  as  forming  two  large  systems,  which  communicate 
freely  with  each  other.  The  larger  system  includes  the  superior  longitudinal,  the  inferior 
longitudinal,  the  straight,  the  occipital,  and  the  lateral  sinuses  ;  the  smaller  system  includes  the 
spheno-parietal,  cavernous,  circular,  transverse,  and  petrosal  sinuses. 

The  lateral  sinus  on  each  side  is  the  one  to  which  the  others  converge  ;  it  leaves  the  skull  at 
the  level  of  the  jugular  foramen,  and  having  been  joined  by  the  inferior  petrosal  sinus,  is  continued 
down  the  neck  as  the  internal  jugular  vein. 

Only  the  more  important  sinuses,  from  the  surgical  standpoint,  will  be  described,  viz.,  the 
superior  longitudinal,  the  lateral,  and  the  cavernous  sinuses. 

The  Superior  Longitudinal  Sinus  extends  in  the  middle  line  from  before  backwards,  viz. , 
from  the  foramen  caecum  in  front  to  just  above  the  level  of  the  external  occipital  protuberance 
behind.  It  is  not  always  placed  mesially,  but  frequently  inclines  somewhat  to  the  right,  and 
on  reaching  the  tentorium  cerebelli  is  continued  usually  into  the  right  lateral  sinus.  Occasion- 
ally it  is  continued  into  the  left  lateral  sinus.  Its  main  tributaries  which  come  from  the  outer 
and  inner  aspects  of  the  cerebral  hemispheres  open  into  the  sinus  obliquely  from  behind 
forwards,  in  the  opposite  direction  to  the  venous  current.  In  front  it  has  a  communication 
with  the  veins  of  the  nose  through  the  foramen  caecum,  which  appears  to  be  fairly  constant 
in  early  life,  but  rather  rare  in  the  adult,  and  in  the  parietal  region  it  is  connected  by  an 
emissary  vein  with  the  vessels  of  the  scalp.  It  has  in  addition  communications  with  the 
frontal  and  parietal  diploic  veins. 

The  lumen  of  the  sinus  is  at  first  very  narrow,  but  increases  considerably  as  it  approaches 
the  occipital  region,  and  throughout  its  course  it  has  on  each  side  a  number  of  offshoots  or  blind 
recesses  (lacuna  laterales),  into  which  the  arachnoidal  villi  project  (fig.  I). 

The  direction  of  the  flow  in  the  main  tributaries  of  this  sinus  being 
opposed  to  that  in  the  sinus  itself,  is  perhaps  of  some  importance  in 
helping  to  retard  the  flow  of  blood  within  it,  or  in  preventing  it 
emptying  too  quickly  with  the  fall  of  pressure  which  occurs  in  the  veins 
of  the  neck  during  each  act  of  inspiration.  The  communications  which 
it  possesses  with  the  veins  of  the  nose,  scalp,  and  diploe  represent  so 
many  channels  by  which  infection  may  reach  it  in  the  course  of 
suppurative  processes  affecting  "these  parts.  A  non-infective  form  of 
thrombosis  is  sometimes  observed  in  connection  with  this  sinus.  It  has 
received  the  name  of  marasmic  thrombosis,  as  it  has  usually  been 
observed  in  weakly  and  debilitated  individuals. 

It  is  to  be  noted  that  certain  forms  of  naevoid  tumour  are  sometimes 
found  in  the  scalp,  in  the  middle  line,  which  communicate  with  the 
superior  longitudinal  sinus  by  means  of  vessels  passing  through  or 
between  the  bones. 

The  Lateral  Sinus  (fig.  6)  may  be  readily  divided,  in  consequence  of  the  direction  which 
it  takes,  into  two  stages — a  horizontal  stage  which  is  contained  between  the  layers  of  the 
tentorium  cerebelli,  and  a  descending  stage,  which  is  situated  beneath  the  tentorium,  and  occupies 
a  deep  groove  in  the  mastoid  portion  of  the  temporal  and  the  jugular  process  of  the  occipital 
bone ;  this  portion  is  sometimes  termed  the  '  Sigmoid  Sinus?  seeing  that  it  describes  a  double 
curve  resembling  somewhat  the  letter  S.  The  two  stages  just  mentioned  are  continuous  with 
each  other  opposite  the  termination  of  the  superior  petrosal  sinus  (fig.  5) ;  this  point  also  corre- 
sponds fairly  accurately  with  the  junction  of  the  anterior  and  middle  thirds  of  the  outer  aspect  of 
the  cerebellar  hemisphere. 

The  right  lateral  sinus  usually  is  the  continuation  of  the  superior  longitudinal  sinus,  and 
therefore  drains  away  the  blood  mainly  from  the  cortical  regions  of  the  brain.  The  left  lateral 
sinus  is  joined,  as  a  rule,  by  the  straight  sinus  which  receives  the  blood  coming  from  the  central 
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ganglionic  regions.     Other  tributaries  reach  the  lateral  sinuses  from  the  temporal  lobe,  cerebellum, 
diploe,  tympanum,  mastoid  antrum  and  cells. 

Two  important  emissary  veins  connect  each  lateral  sinus  with  the  exterior,  viz.,  the  mastoid 
vein  and  the  posterior  condylar  vein. 

The  very  great  interest  which  is  centred  in  the  lateral  sinus  depends 
upon  its  being  so  frequently  the  seat  of  infective  thrombosis  originating 
in  connection  with  purulent  otitis  media  and  mastoid  disease.  The 
proclivity  of  the  sinus  to  become  involved  in  such  cases  is  easily 
explained  by  its  close  proximity  to  the  mastoid  cells,  and  by  the 
fact  that  it  receives  tributaries  both  from  these  and  from  the  tympanum. 

Infective  thrombosis  of  the  lateral  sinus  is  an  exceedingly  grave 
complication,  as  it  is  not  uncommonly  followed  by  a  general  pyaemic 
infection,  in  consequence  of  the  disintegration  of  the  thrombus  under  the 
agency  of  pyogenic  micro-organisms,  and  its  dissemination  in  the  form 
of  minute  emboli,  first  within  the  lungs,  and  subsequently  throughout 
the  body. 

The  efferent  venous  channels  in  connection  with  the  sinus,  viz.,  the 
internal  jugular,  mastoid,  and  posterior  condylar  veins,  may  also  par- 
ticipate in  the  process  by  direct  continuity  of  extension.  One  of  the 
symptoms  indicative  of  thrombo-phlebitis  affecting  the  internal  jugular 
vein  is  the  presence  of  a  hard  and  painful  cord  beneath  the  anterior 
border  of  the  sterno-mastoid  muscle  in  the  upper  third  of  the  neck. 

Thrombosis  of  the  posterior  condylar  vein  may  spread  to  the  sub- 
occipital  veins,  and  thence  to  the  vertebral  vein,  or  infective  emboli  may, 
in  the  absence  of  thrombosis,  be  conveyed  from  the  sinus  by  these 
vessels  into  the  subclavian  vein,  and  so  to  the  right  side  of  the  heart 
and  lungs,  where  they  give  rise  to  septic  infarcts  and  abscesses. 

For  further  information  regarding  this  sinus  the  reader  is  referred  to 
the  account  of  the  mastoid  region  in  the  section  dealing  with  the  ear 

(P-  63). 

The  topography  of  the  sinus  will  be  described  with  that  of  the  brain 

(P-  45)- 

The  Cavernous  Sinus  extends  from  the  sphenoidal  fissure  in  front  to  the  apex  of  the 
petrous  bone  behind,  and  is  related  to  the  body  of  the  sphenoid  internally.  It  derives  its  name 
from  the  numerous  bands  or  trabeculse  which  subdivide  its  interior  into  a  series  of  irregular 
spaces,  which  communicate  with  each  other  somewhat  after  the  manner  of  cavernous  tissue.  It 
presents  very  important  relationships  to  the  internal  carotid  artery  and  to  certain  of  the  cranial 
nerves.  The  third,  the  fourth,  and  the  ophthalmic  division  of  the  fifth  nerve  are  embedded 
in  the  dura  mater,  which  forms  its  outer  wall.  The  internal  carotid  artery,  with  which  the 
sixth  nerve  is  closely  associated,  partially  projects  into  the  interior  of  the  sinus,  the  lower  and 
inner  wall  of  the  artery  being  connected  with  the  trabeculae  of  the  sinus.  Certain  important 
communications  of  the  latter  are  to  be  noted ;  in  front  it  receives  the  ophthalmic  vein,  and 
consequently  comes  into  indirect  communication  with  the  facial,  supra-orbital,  and  frontal  diploic 
veins  ;  it  also  receives  in  front  the  spheno-parietal  sinus.  The  two  cavernous  sinuses  are 
connected  by  the  circular  sinus,  and  on  each  side  the  petrosal  sinuses  proceed  backwards  from 
the  cavernous  to  join  the  lateral  sinus.  Other  communications  are  established  with  the  pterygoid 
venous  plexus  by  veins  passing  through  the  foramen  ovale  and  the  foramen  Vesalii. 

Compared  with  the  lateral,  infective  thrombosis  is  rare  in  the 
cavernous  sinus,  and  in  the  majority  of  instances  it  follows  thrombosis 
of  the  ophthalmic  veins.  The  sources  from  which  the  latter  may  be 
infected  are  fully  considered,  with  their  applied  anatomy  (p.  123). 

Infective  thrombosis  of  the  cavernous  sinus  is  practically  certain  to 
be  followed  by  a  similar  condition  in  the  opposite  sinus,  owing  to  the 
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free  communication  which  exists  between  the  two  through  the  circular 
sinus. 

In  the  course  of  a  retro-orbital  cellulitis,  infection  may  spread  to 
the  cavernous  sinus  along  the  nerves  which  lie  in  relation  to  its  outer 
wall,  especially  the  sixth.  These  nerves  also  are  liable  to  have  their 
functions  impaired  with  the  advance  of  the  inflammatory  process  to  their 
perineural  sheaths.  The  phenomena  which  attend  paralysis  of  each 
individual  nerve  will  be  found  with  the  account  of  the  applied  anatomy 
of  the  orbital  contents  (p.  121  et  seg.}. 


THE   BRAIN. 

The  Cerebral  Circulation. — Blood  is  conveyed  to  the  brain  by  the 
two  internal  carotid  and  by  the  two  vertebral  arteries.  Within  the 
cranium  the  latter  vessels  unite  at  the  lower  border  of  the  pons  to  form 
a  stout  trunk,  the  basilar  artery,  which  in  turn  divides  opposite  the 
posterior  part  of  the  interpeduncular  space  into  the  two  posterior 
cerebral  arteries,  and  at  the  same  time  contributes  in  the  formation  of 
a  remarkable  anastomosis,  known  as  the  circle  of  Willis,  by  means  of 
which  the  arteries  destined  to  supply  the  different  parts  of  the  brain 
are  brought  into  free  communication,  and  excellent  provision  is 
afforded  for  maintaining  an  adequate  supply  of  blood  to  the  brain 
should  the  circulation  be  obstructed  in  one  or  other  of  the  main 
afferent  channels.  Such  occlusion  may,  however,  be  followed  by 
cerebral  softening,  obviously  in  consequence  of  the  collateral  circulation 
being  inadequate  for  the  needs  of  the  brain  tissue ;  yet,  on  the  other 
hand,  it  has  been  shown  that  two  of  the  main  channels  which  convey 
blood  to  the  brain  may  be  quite  equal  to  the  increased  strain  thrown 
upon  them  when  the  others  have  been  ligatured,  but  more  especially  if 
an  interval  of  some  days  or  weeks  is  allowed  to  elapse  between  the 
occlusion  of  the  individual  vessels. 

The  Circle  of  Willis. — The  vessels  which  constitute  the  circle  of  Willis  are  arranged  as 
follows  (fig.  8).  The  internal  carotid  artery  on  each  side  divides  opposite  the  anterior  clinoid 
process  into  the  anterior  and  middle  cerebral  arteries.  The  former  of  these  is  connected  with  its 
fellow  in  front  of  the  optic  chiasma  by  the  short  anterior  communicating  artery ;  the  latter  is 
connected  with  the  posterior  cerebral  artery,  which,  as  stated  above,  is  derived  from  the  bifurcation 
of  the  basilar  artery,  by  the  slender  posterior  communicating  artery.  This  and  its  companion 
vessel  are  smaller  than  the  other  vessels  forming  the  arterial  heptagon,  and  consequently  it  is 
evident  that  the  greater  part  of  the  vertebral  blood  will  flow  into  the  posterior  cerebral 
arteries  and  the  blood  in  the  internal  carotids  into  the  middle  and  anterior  cerebral  arteries. 

The  vessels  which  enter  the  brain  substance  are  derived  partly  from  the  circle  of  Willis  and 
partly  from  the  three  large  cerebral  arteries  which  proceed  from  it ;  they  are  arranged  so  as  to 
form  two  distinct  groups,  viz.,  Cortical  and  Central. 

The  Cortical  Arteries  are  furnished  by  the  three  cerebral  arteries  and  are  all  of  minute 
size.  Some  spring  from  the  larger  trunks,  but  the  greater  number  are  derived  from  their  fine 
terminal  ramifications  in  the  pia  mater.  When  this  membrane  is  stripped  off  the  brain  and  floated 
in  water  they  appear  as  so  many  fine  threads  attached  to  its  deep  surface.  The  cortical 
arteries  enter  the  brain  vertically  and  terminate  partly  in  the  grey  matter,  partly  in  the  sub- 
jacent white  matter,  having  penetrated  deeply  towards  the  parts  supplied  by  the  central  arteries. 
In  the  formation  of  the  pial  networks  just  mentioned,  anastomoses  are  established  between  the 
three  cerebral  arteries  on  the  exterior  of  the  brain,  but  it  would  appear  that  the  cortical  arteries, 
after  entering  the  brain  substance,  do  not  anastomose  with  each  other  nor  with  the  vessels  of 
the  central  group  ;  they  are  consequently  called  terminal  or  end  arteries  (Duret). 

The  Central  or  Ganglionic  Arteries  are  also  of  small  size  and  come  off  at  the  base  of  the 
brain,  either  directly  from  the  circle  of  Willis  or  from  the  cerebral  arteries  beyond  this  ;  like  the 
cortical  set,  they  too  are  end  arteries. 
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A  brief  consideration  of  the  facts  just  related  will  show  that  the 
vascular  arrangements  of  the  brain  are  regulated  in  such  a  way  as 
to  diminish  as  far  as  possible  the  force  of  the  circulation  upon  the 
brain  mass.  In  the  first  place,  the  vertebral  and  internal  carotid 
arteries  pursue  a  very  tortuous  course  before  reaching  the  base  of  the 
brain,  and  the  abrupt  curves  which  they  describe  tend,  no  doubt,  to 
moderate  the  force  of  the  blood  currents  in  their  interior.  Secondly,  the 
arteries  which  enter  the  brain  are  all  of  capillary  size,  and  it  seems 
probable  that  the  pulsating  movements  which  would  be  caused  by 
vessels  of  greater  magnitude  would  seriously  affect  the  delicate 
nervous  substance.  Again,  the  blood  pressure  in  the  terminal  branches 
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FIG.  8. — The  arteries  at  the  base  of  the  brain — "  Circle  of  Willis."     Portion  of  the  right  hemisphere 
has  been  removed  to  show  the  Middle  Cerebral  or  '  Sylvian  '  artery  and  its  central  branches. 

of  the  cerebral  arteries  within  the  brain  must  be  greatly  reduced  in 
consequence  of  their  extremely  fine  state  of  division.  With  regard 
to  the  central  or  ganglion ic  vessels,  it  is  probable  that  the  blood 
pressure  in  their  interior  is  generally  higher  than  in  the  cortical  vessels, 
seeing  that  they  originate  from  the  larger  trunks.  This  may  explain 
their  proclivity  to  arterio-sclerosis  and  to  aneurysmal  dilatations,  which 
are  so  frequent  in  the  region  of  the  small  vessels  (Poirier). 

The  Middle  Cerebral  Artery  plays  a  very  important  part  in  cerebral  pathology,  and  con- 
sequently deserves  something  more  than  passing  notice.  From  its  size  and  direction  it  may  be 
regarded  as  the  continuation  of  the  internal  carotid  upwards  and  outwards  to  the  fissure  of 
Sylvius — hence  its  name,  Sylvian  artery — within  which  it  divides  at  the  level  of  the  insula  into 
its  four  cortical  branches.  These  are,  the  inferior  external  frontal  artery  to  the  inferior  frontal 
convolution,  the  ascending  frontal  artery  to  the  greater  part  of  the  convolution  of  the  same  name, 


THE  BRAIN  35 

the  ascending  parietal  artery  to  the  ascending  parietal  or  post-central  convolution  and  to  part  of 
the  superior  parietal  lobule,  the  parieto-temporal  artery  to  the  convolutions  around  the  horizontal 
limb  of  the  Sylvian  fissure,  viz.,  the  supramarginal  and  angular  convolutions,  the  posterior 
part  of  the  superior  parietal  lobule,  the  first  and  the  greater  part  of  the  second  and  third 
temporal  convolutions. 

This  artery  also  furnishes  central  or  ganglionic  branches,  which  take  origin  at  the  level 
of  the  anterior  perforated  space.  Entering  the  brain  in  a  vertical  direction,  they  supply  the 
lenticular  nucleus,  the  internal  and  the  external  capsule,  and  also  the  outer  part  of  the 
optic  thalamus  (fig.  9).  They  have  been  divided  by  Duret  into  lenticular,  lenticulo-striate, 
and  lenticulo-optic  branches.  One  of  the  lenticulo-striate  arteries  which  pierces  the  outer  part 
of  the  anterior  perforated  space  and  runs  upwards  through  the  outer  zone  of  the  lenticular 
nucleus  to  the  internal  capsule  is  frequently  ruptured,  and  has  been  termed  by  Charcot  "the 
artery  of  cerebral  hamorrkage." 

It  will  be  seen,  therefore,  that  the  middle  cerebral  artery  supplies  the  motor  regions  of  the 
brain,  both  cortical  and  central,  with  the  exception,  however,  of  part  of  the  leg  centre,  which 
occupies  the  paracentral  lobule  and  the  highest  part  of  the  ascending  frontal  convolution,  both 
of  which  are  within  the  district  supplied  by  the  anterior  cerebral  artery.  Further,  the  middle 
cerebral  artery  supplies  the  cortical  centre  for  hearing,  part  of  the  centre  for  vision,  and  the 
motor  speech  centre  in  the  left  hemisphere. 

Cerebral  Embolism. — The  emboli  usually  consist  of  particles  of 
fibrin  which  are  carried  in  the  blood  stream  from  the  heart,  having 
become  detached  from  the  so-called  vegetations  which  form  in  cases  of 
endocarditis  upon  the  mitral  or  aortic  valves.  From  within  the  aorta 
they  find  their  way  most  frequently  into  the  left  common  carotid  artery, 
which  springs  from  the  highest  part  of  the  aortic  arch,  and  almost  in 
the  direct  axis  of  the  blood  stream.  The  right  common  carotid  artery, 
on  the  other  hand,  is  a  branch  of  the  innominate  artery  which  springs 
from  the  aorta  at  an  angle  with  the  blood  stream. 

Cerebral  embolism  may  also  occur  in  cases  of  aneurysm  involving 
the  large  vessels — subclavian  or  carotid — at  the  root  of  the  neck,  should 
a  piece  of  fibrin  become  detached  from  the  inner  wall  of  the  sac. 
It  is  important,  therefore,  that  aneurysms  in  this  region  should  be 
handled  with  extreme  gentleness,  in  order  that  such  an  eventuality 
may  if  possible  be  avoided. 

With  the  occurrence  of  embolism  there  is  a  sudden  arrest  of  the 
blood  supply,  followed  by  anaemia  throughout  the  area  normally 
supplied  by  the  occluded  vessel,  and  this  leads  to  softening  or  necrosis 
with  fatty  degeneration  of  the  nervous  tissue.  It  would  appear,  however, 
that  although  the  softening  process  is  invariable  within  the  zone  sup- 
plied by  the  central  arteries,  it  may  not  entirely  affect  the  cortical  area. 
This  would  go  to  prove  that  the  communications  which  are  established 
between  the  cerebral  arteries,  through  the  medium  of  the  fine  pial 
networks,  may  be  sufficient  to  carry  on  an  adequate  collateral  circulation. 

Cerebral  Haemorrhage  has  its  origin  most  commonly  either  in  the 
middle  cerebral  artery  or  in  one  of  its  branches.  In  nearly  all  the  cases 
the  arterial  walls  have  been  previously  affected  with  atheromatous  disease 
and  they  frequently  present  aneurysmal  dilatations.  In  connection  with 
the  smaller  arteries,  cortical  or  central,  these  may  be  comparatively 
numerous,  and  have  been  termed  miliary  aneurysms  by  Charcot,  who 
also  drew  attention  to  the  fact  that  the  central  branches  (lenticulo- 
striate)  of  the  middle  cerebral  artery  were  most  prone  to  rupture,  in 
consequence  of  their  close  proximity  to  the  main  trunk,  in  which  the 
blood  pressure  is  necessarily  high. 

The  extravasated  blood  tears  the  brain  tissue  and  forms  a  cavity 
within  which  it  coagulates  ;  a  large  haemorrhage,  however,  may  burst  into 
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and  distend  the  lateral  ventricle  (fig.  9).  Seeing  that  the  extravasated 
blood  proceeds  so  frequently  from  the  lenticulo  -  striate  artery,  the 
descending  motor  fibres,  which  are  closely  grouped  together  in  the 
internal  capsule,  must  suffer  serious  damage,  and  consequently  partial 
or  complete  paralysis  of  the  opposite  side  of  the  body  (hemiplegid)  very 
commonly  results. 

Cerebral  Localisation.— Although  it  is  beyond  the  scope  of  this 
work  to  enter  at  all  fully  into  the  general  question  of  cerebral  localisa- 
tion, yet  a  few  facts  relative  to  this  highly  important  subject  may  not  be 
out  of  place. 

Long  before  any  ideas  of  localisation  of  function  in  the  brain  cortex 
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FIG,  9. — This  figure  represents  a  coronal  section  of  the  brain  from  a  fatal  case  of  intracerebrat 
haemorrhage  —cerebral  apoplexy — in  which  the  lateral  ventricles  were  also  distended  with 
blood.  Observe  the  septum  lucidum  deflected  towards  the  right  side.  The  central  or 
ganglionic  arteries — lenticulo-striate — distributed  to  the  portion  of  the  brain  in  which  the 
haemorrhage  took  place,  are  shown  diagrammatically  on  the  right  side,  coming  off  from  the 
middle  cerebral  artery  at  the  anterior  perforated  space. 

were  entertained,  anatomists  had  discovered  that  the  various  convolu- 
tions and  fissures  had  a  definite  if  not  fairly  constant  system  of  arrange- 
ment, and  that  they  were  the  result  of  a  regular  and  systematic  order  of 
development.  In  the  year  1863  Broca  established  the  fact  that  the 
grey  matter  of  the  third  left  frontal  convolution  is  of  importance  for 
normal  speech  delivery.  Subsequently  Hughlings-Jackson  pointed  out 
a  form  of  epilepsy  caused  by  irritative  lesions  affecting  certain  areas 
of  the  brain  cortex.  Since  then  the  experimental  researches  of 
physiologists  have  added  greatly  to  our  knowledge,  and  have  succeeded 
in  elucidating  numerous  clinical  and  pathological  observations,  the 
exact  nature  of  which  had  hitherto  been  but  imperfectly  understood. 


THE  BRAIN  37 

The  experimental  results  obtained  by  Hitzig  and  Ferrier  marked  a 
distinct  epoch  in  the  history  of  localisation.  Ferrier  found  that  the 
application  of  faradic  currents  to  the  Rolandic  area  of  the  cortex  in 
monkeys  excited  movements  which  varied  in  distribution  as  the 
electrodes  were  moved  from  place  to  place.  He  succeeded  in  this  way 
in  defining  certain  ' motor  areas,'  as  he  called  them.  He  observed  also 
that  the  areas  were  not  sharply  circumscribed,  and  that  they  extended, 
not  only  over  the  outer  surface  of  the  hemisphere,  but  also  round  its 
upper  margin  and  down  upon  its  mesial  surface.  Later  observers 
have  confirmed  the  results  of  Ferrier,  and  amongst  these,  Horsley  and 
Beevor  succeeded  in  mapping  out  the  motor  areas  on  the  cortex  of  the 
orang.  The  diagrams  represented  in  figs.  10  and  1 1  give  a  representation  of 
the  supposed  geographical  distribution  of  the  centres  in  the  human  cortex, 
corresponding  to  what  these  observers  noted  in  this  higher  ape.  In  fig.  10 
it  will  be  seen  that  the  motor  centres  are  for  the  most  part  grouped  around 
the  fissure  of  Rolando,  consequently  the  '  Rolandic  area '  and  the  '  motor 
area'  have  come  to  be  regarded  as  practically  synonymous  terms. 
Generally  speaking,  the  upper  part  of  this  area  presides  over  the  move- 
ments of  the  lower  limb  ;  the  middle  region  is  concerned  with  the  move- 
ments of  the  upper  limb  ;  and  the  lower  part  with  the  movements  of  the 
eyelids,  mouth,  tongue,  pharynx  and  larynx. 

1.  The  area  for  the  lower  limb   corresponds   to   the   upper    ex- 
tremities of  the  precentral  and  postcentral  convolutions,  the  posterior 
part  of  the  superior  frontal  convolution,  and  the  anterior  part  of  the 
superior  parietal  lobule.     Within  the  great  longitudinal  fissure  it  also 
includes  the  paracentral  lobule.     The   manner   in    which  the  different 
centres  for  the  limb  are  distributed  throughout  this  extensive  area  will 
be  seen  at  a  glance  by  a  reference  to  figs.   10  and  n  (according  to 
Horsley  and  Beevor). 

2.  The  area  for  the  upper  limb  corresponds  to  the  middle  third 
of  the   precentral    and    postcentral  convolutions.     The   centre  for  the 
shoulder  is  highest,  and  this  is  succeeded  in  descending  order  by  the 
centres  for  the  elbow,  wrist,  fingers,  index  and  thumb. 

3.  The  area  for  the  face  is  continuous  with  the  area  for  the  upper 
limb  ;   the  centre  for   the   eyelids   occupies   the   highest   place,  and   is 
succeeded  by  the  centre  for  the  mouth. 

4.  The  area  for  the  tongue  corresponds  to  the  lower  extremities  of 
the  precentral  and  postcentral  convolutions.      This   area   adjoins   that 
which  corresponds  to  the  centre  for  motor  speech  in  the  posterior  part 
of  the  third  left  frontal  convolution. 

5.  The  area  for  the  head  and  eyes  occupies  portions  of  the  superior 
middle  and  inferior  frontal   convolutions,  in  front  of  the  areas  for  the 
limbs.     It  extends  also  to  the  mesial  surface  of  the  hemisphere,  i.e.  the 
posterior  part  of  the  marginal  convolution. 

Quite  recently,1  an  important  contribution  dealing  with  the  question  of  cerebral  localisation 
has  appeared  in  the  form  of  a  conjoint  communication  by  Professor  Sherrington  and  Dr 
Grtinbaum,  who  base  their  results  upon  a  large  number  of  observations  made  upon  the  brain- 
cortex  of  apes,  from  the  lowest  up  to  the  highest  in  the  anthropoid  scale  ;  those,  in  other  words, 
which  are  most  nearly  related  to  man,  viz.,  the  chimpanzee  and  the  gorilla. 

According  to  these  observers,  the  so-called  motor  area  occupies  unbrokenly  the  whole  length 
the  precentral  convolution,  and  in  most  places  the  greater  part  or  the  whole  of  its  width. 


1  Brit.  Med.Jour.i  Dec.  28,  1901. 
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It  extends  into  the  depth  of  the  Rolandic  fissure,  occupying  the  anterior  wall  and  in  some 
places  the  floor,  and  in  some  extending  even  into  the  deeper  part  of  the  posterior  wall  of  the 
fissure  (fig.  12).  Out  of  nineteen  hemispheres  examined,  they  never  found  the  motor  area  extend 
to  the  outer  free  surface  of  the  postcentral  convolution,  and  in  this  observation  a  very  marked 


FIG.  IO. — Diagrammatic  representation  of  the  outer  aspect  of  the  cerebral  hemisphere,  showing 
the  principal  cortical  areas  according  to  Horsley  and  Beevor. 

discrepancy  is  to  be  noted  between  their  results  and  those  of  preceding  observers.  In  their 
paper  they  also  state  that  although  "  small  lesions  in  the  precentral  convolution  cause  marked 
paralysis  and  descending  spinal  degeneration,  similar  and  laiger  lesions  in  the  postcentral 
produce  not  even  temporary  paralysis  and  no  unequivocal  degeneration." 

The  researches  of  His  and  Flechsig  also,  which  are  of  comparatively  recent  date,  have  thrown 
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FIG.  II. — The  mesial  aspect  of  the  cerebral  hemisphere,  showing  the  cortical  areas  on  this  part 
of  the  brain  as  determined  by  Horsley  and  Beevor. 

new  and  valuable  light  upon  the  functions  possessed  by  the  cortical  regions  of  -the  brain,  by 
the  study  of  their  mode  of  development.  Flechsig  succeeded  in  following  the  various  tracts 
through  their  myelinisation.  The  tracts  which  are  functional  earliest  receive  their  myelin 
before  the  others.  He  has  shown  that  the  fibres  in  the  spinal  cord,  medulla,  pons  and  corpora 
quadrigemina  are  almost  entirely  medullated  when  the  higher  parts  show  little  or  no  myelin. 
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In  the  new-born  child  the  cerebrum  is  almost  entirely  immature,  and  proportionately  few  of  its 
fibres  are  medullated. 

According  to  Flechsig,  the  sensory  paths  in  the  brain  first  become  medullated,  and  may 
be  observed  developing  one  after  another,  beginning  with  that  of  smell,  and  ending  with  that 
for  auditory  impulses  from  the  periphery  to  the  cortex.  In  this  way  it  has  been  observed  that 
the  individual  sensory  paths  terminate  in  tolerably  sharply  circumscribed  cortical  regions,  for 
the  most  part  widely  removed  from  one  another,  being  separated  by  masses  of  cortical 
substance,  which  remain  for  a  considerable  period  immature  or  undeveloped.  The  cortical 
sense  areas  thus  mapped  out  correspond  entirely  to  those  regions  of  the  surface  of  the  brain 
which  pathological  observation  has  shown  to  stand  in  relation  to  the  different  qualities  of 
sensation.  Olfactory  fibres  are  found  to  end  mainly  in  the  uncinate  gyrus.  Visual  fibres  have 
been  traced  to  the  occipital  lobe  in  the  neighbourhood  of  the  calcarine  fissure  and  auditory 
fibres  to  the  temporal  lobe  (fig.  10).  Flechsig  has  further  observed  that  new  paths  begin  to 
develop  from  the  points  where  certain  of  the  sense  fibres  terminate  and  pursue  a  downward 
course.  They  can  be  followed  from  the  cortex  to  the  medulla  and  to  the  motor  nuclei  of  the 
cord.  These  descending  paths  are  mainly  those  known  as  the  pyramidal  or  motor  tracts,  and 
the  area  from  which  they  proceed,  commonly  called  the  Rolandic  region,  is,  according  to  Flechsig, 
concerned  also  in  the  sensation  of  touch  ;  he  calls  it  the  sojuasthetic  area.  It  includes  the 
precentral  and  postcentral  convolutions,  the  paracentral  lobule  and  portion  of  the  marginal 
convolution.  The  sensory  fibres  passing  from  the  periphery  to  this  area  would  appear  to  excite 
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FIG.  12. — The  outer  aspect  of  the  cerebral  hemisphere  with  the  cortical  centres  represented 
according  to  Sherrington  and  Griinbaum.  The  hemisphere  has  been  tilted  outwards 
so  as  to  bring  the  motor  area  fully  irito  view,  the  temporal  lobe  consequently  appears 
foreshortened. 

sensations  of  touch,  pain,  temperature,  muscle  and  tendon  sense,  equilibrium,  etc.  This  cortical 
region  probably  represents  a  complex  mass  of  sense  centres  rather  than  a  single  sensory 
area  ;  and  in  addition  to  being  a  sensory  field,  the  somaesthetic  area  is  the  great  motor  region 
of  the  brain. 

When  this  sensori-motor  area  and  the  various  sensory  areas  are  fully  taken  into  account, 
there  still  remain  about  two-thirds  of  the  cortex  which  appear  to  have  nothing  to  do  with 
the  periphery.  Flechsig  calls  these  regions  of  the  cortex  'association  centres?  as  he  believes 
they  furnish  arrangements  for  uniting  the  various  central  sense  areas. 

Cerebral  Topography. — The  discovery  of  localisation  of  function  in 
different  parts  of  the  brain  cortex  renders  imperative  an  accurate 
knowledge  of  cerebral  topography  ;  in  other  words,  it  is  in  the  highest 
degree  desirable  that  one  should  be  able  to  indicate  the  main  fissures 
and  convolutions  of  the  subjacent  brain  on  the  surface  of  the  living 
head. 

Many  instances  could  be  related  of  the  great  practical  utility  of 
exact  topographical  guides  to  the  various  motor  areas  of  the  cortex. 
An  interesting  observation  is  recorded  by  Allen  Starr  bearing  on  a  case 
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of  Jacksonian  epilepsy,  following  an  old  injury  to  the  cranium.  The 
attacks  appeared  to  originate  in  the  elbow  segment  of  the  arm  centre, 
but  the  site  of  the  cranial  injury  was  not  directly  over  this,  but  some 
distance  higher.  In  trephining,  the  physiological  guide  was  adopted, 
namely,  over  the  arm  centre,  and  it  was  then  discovered  that  a  splinter 
of  bone  from  an  extensive  fracture  of  the  inner  table  had  pierced  the 
brain  over  this  region  ;  the  patient  recovered  perfectly.  Had  the  original 
scar  been  taken  as  a  guide,  it  seems  probable  that  the  true  seat  of  the 
mischief  might  not  have  been  recognised. 

At  the  outset  it  is  to  be  noted  that  all  localising  lines  and  points,  to  be  of  practical  utility 
in  the  living  subject,  should  be  referred  if  possible  to  the  surface  of  the  scalp  ;  however,  when 
large  flaps  are  raised  and  turned  aside,  certain  cranial  landmarks  may  sometimes  be  employed 
with  advantage.  Another  desideratum  is  that  the  particular  method  adopted  should  be  applicable 
to  heads  of  different  sizes,  different  shapes,  and  different  ages  (Chipault). 

Of  the  numerous  devices  which  have  been  recommended  by  different  authorities  from  time 
to  time,  many  are  open  to  serious  objection,  as  the  landmarks  employed  are  of  a  vague  nature 
and  difficult  to  find  ;  others  entail  difficult  measurements,  and  a  certain  proportion  requires  the 
manipulation  of  complicated  instruments. 

As  the  result  of  a  large  number  of  observations  on  the  cadaver,  which  entailed  the  ex- 
amination of  several  brains  hardened  in  situ  by  the  intravascular  injection  of  formalin,  the 
author  has  adopted  the  following  method  for  mapping  out  the  more  important  fissures  and 
convolutions,  or  those  geographical  territories  upon  the  outer  aspect  of  the  cerebral  hemisphere 
which  are  concerned  in  the  various  functions  already  noted.1 

Before  proceeding  to  map  out  the  surface  of  the  brain,  certain  points  or  landmarks  should 
be  identified  on  the  surface  of  the  head  ;  some  of  these  have  been  referred  to  before,  viz., 
the  nasion,  the  inion,  and  the  orbito-temporal  angle.  The  '  auricular  point '  refers  to  the 
centre  of  the  outlet  of  the  external  auditory  meatus,  which  is  normally  concealed  from  view 
by  the  tragus.  The  '  pre-auricular point'  is  situated  immediately  above  the  zygoma,  in  front 
of  the  tragus  ;  its  position  is  sometimes  indicated  by  a  small  depression.  The  '  asteric  point '  is 
a  little  above  the  level  of  the  asterion,  viz.,  over  the  posterior  inferior  angle  of  the  parietal  bone  ; 
it  is  situated  on  the  surface  of  the  scalp,  one  and  a  half  inches  behind  and  one  inch  above  the 
centre  of  the  external  auditory  meatus. 

There  are  three  fundamental  Fissures,  the  position  and  direction 
of  which  it  is  absolutely  essential  to  determine,  as  they  separate  the  four 
main  lobes  of  the  brain  from  each  other  ;  they  are  the  fissure  of  Sylvius, 
the  fissure  of  Rolando,  and  the  external  parieto-occipital  fissure.  If  lines 
can  be  drawn  upon  the  surface  of  the  head  corresponding  to  these,  it 
becomes  a  comparatively  simple  matter  to  locate  the  various  convolutions. 

The  Fissure  of  Sylvius. — The  distance  between  the  nasion  and  the 
inion  is  carefully  measured  and  divided  into  four  equal  parts,  the  points 
of  junction  of  which  are  indicated  on  the  surface  of  the  scalp  by 
means  of  an  aniline  pencil.  From  the  orbito-temporal  angle  draw 
a  line  across  the  side  and  over  the  vertex  of  the  head  to  meet  the 
junction  of  the  third  and  fourth  segments  of  the  naso-iniac  line 
(fig.  13).  This  will  usually  be  found  to  correspond  to  the  posterior 
limb  of  the  fissure  of  Sylvius  in  the  greater  part  of  its  extent,  and 
is  consequently  termed  'the  Sylvian  line'  Its  posterior  extremity 
will  be  found,  as  a  rule,  to  overlie  or  very  closely  approximate 
the  external  parieto-occipital  fissure.  If  another  line  be  now  drawn 
from  the  junction  of  the  first  and  second  segments  of  the  naso-iniac 
line  to  the  centre  of  the  external  auditory  meatus,  it  will  be  found  that 
its  point  of  intersection  with  the  Sylvian  line  will  overlie  the  Sylvian 
point — that  is,  the  point  where  the  main  stem  of  the  fissure  reaches 

1  Recent  Researches  on  the  Topography  of  the  Convolutions  and  Fissures  of  the  Brain, 
Trans.  Roy.  Acad.  of  Med.  Ireland,  vol.  xviii. ,  1900. 
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the  outer  aspect  of  the  hemisphere.  From  this,  the  posterior  limb 
follows  the  Sylvian  line  backwards,  but  finally  leaves  it  by  curving 
upwards  beneath  the  lower  and  posterior  part  of  the  parietal  eminence. 
The  ascending  and  horizontal  limbs  of  the  fissure  will  be  indicated  by 
two  lines,  each  three-quarters  of  an  inch  long,  and  starting  from  the 
Sylvian  point,  one  directed  upwards  at  right  angles  to  the  Sylvian  line, 
the  other  horizontally  forwards. 
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FIG.  13. — This  diagram  illustrates  the  autftor's  method  of  determining  the  topography  of  the 
principal  fissures  and  convolutions  on  the  outer  surface  of  the  cerebral  hemisphere.  The 
figure  has  been  drawn  from  an  X-ray  photograph  of  one-half  of  a  head  from  which  the 
brain,  previously  hardened  by  means  of  intravascular  injections  of  formalin  (5  per  cent.),  had 
been  removed,  the  principal  fissures  filled  with  soft  pliable  wire,  and  subsequently  returned 
exactly  into  place.  —  For  fuller  particulars  see  Trans.  Roy.  Acad.  Med.  Ireland,  vol.  xviii. 
The  author  is  indebted  to  Dr  W.  S.  Haughton  for  the  skiagram  from  which  this  fig.  was 
drawn. 

The  Fissure  of  Rolando  is  found  as  follows : — Take  a  point 
{superior  Rolandic)  three-quarters  of  an  inch  behind  the  centre  of  the 
naso-iniac  line  ;  this  will  represent  from  53  to  55  per  cent  of  the  naso- 
iniac  distance,  measuring  from  before  backwards.  A  second  or  lower 
Rolandic  point  is  obtained  by  erecting  a  perpendicular  to  the  upper 
margin  of  the  zygoma,  through  the  preauricular  point,  to  meet  the 
Sylvian  line.  Should  the  upper  margin  of  the  zygoma  be  difficult  to 
determine,  the  perpendicular  may  be  erected  on  a  line  which  connects 
the  centre  of  the  infra-orbital  margin  with  the  auricular  point.  The 
Rolandic  line'  is  now  obtained  by  connecting  the  upper  and  lower  Rolandic 
ints.  It  will  of  course  be  understood  that  as  the  fissure  pursues  a 
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markedly  sinuous  outline,  the  line  so  drawn  will  merely  indicate  its 
main  direction.  Furthermore,  the  fissure  does  not  reach  quite  up  to 
the  middle  line  of  the  head  above,  and  it  terminates  below  a  short 
distance  above  the  Sylvian  line. 

Another  method  which  has  been  largely  employed  for  determining   the   direction  of  the 
fissure  of  Rolando  is  the  'angular.'1    The  angle  which  the  fissure  makes  with  the  mesial  line 


FIG.  14. — This  figure  is  taken  from  a  photograph  of  Private  T.  M'C. ,  Royal  Dublin  Fusiliers, 
who  was  wounded  by  an  exploding  shell  at  the  battle  of  Colenso,  in  the  recent  South 
African  war.  When  seen  by  the  author  he  had  complete  paralysis  of  the  muscles  of  the 
forearm,  wrist,  and  hand  of  the  right  side.  The  position  of  the  lesion  on  the  left  side 
is  shown,  as  well  as  its  relationship  to  the  '  Rolandic  Line.'  Compare  with  figs.  12  and  13. 

of  the  head  has  been  variously  estimated  by  different  observers — Hare,  67°  ;  Cunningham, 
71 '5°;  Chiene,  67'$°.  In  estimating  the  fissure  by  this  method,  the  lower  Rolandic  point  is 
placed  about  3!  inches  from  the  middle  line,  measuring  in  the  direction  of  the  fissure. 

In  early  infancy  the  relationships  which  exist  between  the  brain  and  the  bony  cranium  vary 
very  much  from  those  which  obtain  in  the  adult ;  however,  the  relationships  between  the  brain  aiid 
the  exterior  of  the  head  as  a  whole  vary  but  little  between  infancy  and  adult  age.  Thus  it 
has  been  shown  that  the  angle  made  by  the  fissure  of  Rolando  with  the  middle  line  is  as  great 
at  birth  as  at  subsequent  periods.  In  the  infant  the  Sylvian  fissure  lies  slightly  above  the  Sylvian 
line  (Toirier). 


; 
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The  Periphery  of  the  Cerebral  Hemisphere,  as  indicated  by  its 
mesial  and  infero-external  borders,  may  be  determined  in  the  following 
manner :  A  line  drawn  from  a  point  behind,  half  an  inch  above  the 
superior  curved  line,  and  half  an  inch  from  the  middle  line  on  the  right 
side,  and  a  quarter  of  an  inch  on  the  left  side,  to  the  nasion  in  front,  will 
indicate  the  mesial  border  of  each  hemisphere,  and  the  space  which 
intervenes  between  the  two  lines  will  represent  the  superior  longitudinal 
sinus. 

The  infero-external  border  of  the  hemisphere  consists  of  two  parts, 
frontal  and  occipito-temporal.  The  frontal  part  commences  opposite 
the  nasion,  and  takes  an  arched  course  upwards  and  outwards,  mounting 
about  one-third  of  an  inch  above  the  supra-orbital  margin  to  the  orbito- 
temporal  angle,  which  exists  in  the  form  of  a  very  constant  depression 
just  above  the  fron to-malar  articulation,  or  immediately  above  the  tail 
of  the  eyebrow.  From  this  the  line  curves  backwards  and  slightly 
upwards  to  reach  the  ' Sylvian  point'  The  occipito-temporal  border 
beginning  here  extends  forwards  and  downwards,  circumscribing  the 
anterior  blunt  pole  of  the  temporal  lobe,  which  lies  about  half  an 
inch  behind  the  centre  of  the  vertical  margin  of  the  malar  bone 
(fig.  13).  Continuing  backwards  and  downwards,  it  becomes  flush 
with  the  upper  border  of  the  zygoma  opposite  the  temporo- 
maxillary  articulation,  and  from  this  it  ascends  slightly  as  it  runs  above 
the  external  auditory  meatus  and  until  it  reaches  the  '  asteric  point* 
from  which  it  descends  somewhat  as  it  approaches  its  termination  half 
an  inch  above  the  inion,  where  it  joins  the  mesial  border. 

The  Frontal  Lobe. — The  posterior  limit  of  the  frontal  lobe  is  in- 
dicated by  the  Rolandic  line.  A  line  drawn  three-quarters  of  an  inch  in 
front  of  this  and  parallel  to  it  will  represent  the  superior  and  inferior 
precentral  sulci,  which  separate  the  precentral  from  the  superior,  middle 
and  inferior  frontal  convolutions.  These  latter  have  an  antero-posterior 
direction,  and  are  separated  by  the  superior  and  inferior  frontal  sulci, 
which  may  be  represented  on  the  scalp  by  two  lines  directed  respectively, 
the  first  from  the  supra-orbital  notch  parallel  to  the  middle  line,  and 
terminating  behind  in  the  precentral  line,  and  the  second  slightly  below 
the  anterior  part  of  the  temporal  ridge.  The  frontal  eminence  overlies 
the  middle  frontal  convolution  at  the  junction  of  its  anterior  and  middle 
thirds. 

The  Parietal  Lobe  may  be  defined  as  follows :  in  front  by  the 
Rolandic  line,  behind  by  a  line  with  a  gentle  forward  curve  extending 
from  the  posterior  extremity  of  the  Sylvian  line  to  the  asteric  point,  and 
which  may  be  called  for  convenience  the  parieto-mastoid  line  (fig.  13). 
The  parietal  lobe  is  bounded  below  by  the  Sylvian  line  up  to  the  point 
where  the  latter  lies  beneath  the  parietal  eminence,  and  from  this  onwards 
it  will  be  indicated  with  a  fair  amount  of  accuracy  by  a  line  directed 
backwards  and  slightly  downwards  to  meet  the  centre  of  the  parieto- 
mastoid  line. 

The  postcentral  sulci,  bounding  the  postcentral  convolution 
posteriorly,  will  correspond  to  a  line  three-quarters  of  an  inch  behind  and 
parallel  to  the  Rolandic  line.  If  from  the  mid-point  of  the  postcentral 
line  another  be  drawn  with  an  antero-posterior  direction,  and  slightly 
rched  upwards  to  meet  the  parieto-mastoid  line,  it  will  separate  the 
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superior  parietal  lobule  above  from  the  supramarginal  and  angular 
convolutions  below  (fig.  13).  The  parietal  eminence,  which  is  usually 
too  ill-defined  to  form  a  trustworthy  cranial  landmark,  overlies  the 
supra-marginal  convolution. 

The  Temporal  Lobe  is  bounded  above  by  the  line  which  limits  the 
parietal  lobe  inferiorly  and  behind  by  the  lower  part  of  the  parieto-mastoid 
line,  which  separates  it  from  the  occipital  lobe.  It  is  subdivided  into 
three  convolutions,  viz.,  superior,  middle,  and  inferior  temporal.  The 
parallel  sulcus,  which  separates  the  superior  and  middle  temporal  con- 
volutions, is  represented  by  a  line  directed  half  an  inch  below  and 
parallel  to  the  Sylvian  line.  The  inferior  temporal  sulcus  lies  midway 
between  the  parallel  sulcus  and  the  infero-external  margin  of  the  hemi- 
sphere. 

The  Occipital  Lobe  lies  behind  the  parieto-mastoid  line,  but  it  is  to 
be  remembered  that  there  is  no  definite  line  of  demarcation  between  it 
and  the  parietal  and  temporal  lobes,  as  the  three  pass  insensibly  into 
each  other.  Two  antero-posterior  sulci,  traversing  the  outer  aspect  of 
this  lobe,  divide  it  into  superior,  middle,  and  inferior  occipital  con- 
volutions. 

The  Lateral  Ventricle. — The  reader  will  get  a  good  idea  of  the 
•different  subdivisions  of  the  lateral  ventricle  from  fig.  15,  in  which  they 
have  been  exposed  while  the  brain — previously  hardened — lay  in  situ. 
According  to  Poirier,  it  is  possible  to  circumscribe  the  main  part  of  the 
ventricle  and  its  cornua  by  four  lines,  two  of  which  are  directed  hori- 
zontally, two  vertically.  The  upper  horizontal  line  is  directed  two  inches 
above  and  parallel  to  the  zygoma ;  the  lower  is  directed  similarly,  half 
an  inch  above  the  zygoma.  These  lines  limit  respectively  the  roof  of 
the  ventricular  cavity  above  and  the  floor  of  the  descending  cornu  below. 
The  anterior  vertical  line  is  situated  at  the  junction  of  the  anterior  and 
middle  thirds  of  the  zygomatic  arch ;  the  posterior  is  drawn  upon  the 
surface  of  the  head,  two  inches  behind  the  tip  of  the  mastoid  process. 

Different  routes  have  been  selected  by  different  operators  to  reach 
the  ventricular  cavity  for  the  purpose  of  tapping  its  contents  ;  some 
approach  it  from  above  near  the  middle  line,  others  from  the  side  in 
the  temporal  region  of  the  brain. 

Kocher  prefers  to  make  the  puncture  one  to  one  and  a  quarter 
inches  from  the  middle  line,  and  one  and  a  quarter  inches  in  front  of  the 
precentral  sulcus.  By  selecting  this  level,  the  puncture  will  be  directed 
through  the  superior  frontal  sulcus,  and  the  trochar  or  aspirator,  as  it 
traverses  the  brain,  is  inclined  downwards  in  the  vertical  axis  of  the  head, 
and  slightly  backwards.  Under  normal  conditions  the  depth  of  the 
cavity  from  the  brain  surface  at  this  level  is  about  two  inches.  A 
procedure  somewhat  similar  to  this  is  also  recommended  by  Keen. 

Another  site  employed  by  Kocher  is  the  bottom  of  the  posterior  half 
of  the  parallel  sulcus  which  separates  the  superior  from  the  middle 
temporal  convolution.  According  to  him,  a  depth  of  one  centimetre  only 
need  be  traversed  here  to  reach  the  ventricle. 

If  a  line  be  drawn  downwards  from  the  superior  Rolandic  point  to  the 
posterior  border  of  the  mastoid  process  at  its  base,  and  if  a  point  be 
taken  on  it  about  half  an  inch  below  the  Sylvian  line,  it  will  be  found  to 
closely  correspond  to  the  posterior  extremity  of  the  parallel  fissure,  and 
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also  to  the  level  at  which  the  posterior  and  descending  cornua  of  the 
lateral  ventricle  diverge  from  the  body  or  main  part  of  the  cavity  (fig.  15). 
Poirier  considers  the  descending  cornu  the  most  suitable  site  for 
tapping.  He  points  out  that,  in  its  direction  from  behind  forwards,  it 
corresponds  very  closely  to  the  level  of  the  second  temporal  convolution 
(fig.  13),  and  that  it  is  separated  from  the  surface  of  the  hemisphere  by 
a  depth  of  three  to  four  cms.  He  trephines  in  the  child  three  cms. 


Descending  Horn  of  Lateral  Ventricle. 
Tnsula  or  Island  of  Reil. 


Body  of  Lateral  Ventricle. 


Choroid  Plexus. 


Ant.  Horn  of  Lateral  Vent. 


Post.  Horn  of 
Lateral  Vent. 


FIG.  15. — This  figure  represents  a  dissection  of  the  lateral  ventricle  of  the  brain  ;  the  different 
subdivisions  of  the  ventricular  cavity  are  shown,  and  also  their  relationships  to  the  outer 
surface  of  the  head.  The  figure  has  been  drawn  from  Professor  Eraser's  beautiful  series 
of  photographs  of  the  dissected  head,  with  the  brain  in  situ. 

above  the  external  meatus,  four  cms.  above  it  in  the  adult,  and  the 
middle  temporal  convolution  when  exposed  is  punctured  perpen- 
dicularly to  the  surface. 

The  Lateral  Sinus  has  already  been  described  as  consisting  of  a 
horizontal  and  a  descending  stage,  the  latter  of  which  is  sometimes  termed 
the  sigmoid  sinus.  Taken  in  its  entire  extent,  this  sinus  presents  a  well 
marked  curve,  the  summit  of  which,  as  a  rule,  lies  beneath  the  postero- 
inferior  angle  of  the  parietal  bone,  and  is  indicated  on  the  skin  by  the 
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*  asteric  point,'  viz.,  one  and  a  half  inches  behind  and  one  inch  above  the 
centre  of  the  auditory  meatus,  above  which  it  is  rarely  found  to  extend. 
Starting  from  this,  the  upper  limit  of  the  horizontal  stage  of  the  sinus 
will  be  represented  by  a  line  directed  backwards,  and  at  the  same  time 
with  a  slight  inclination  downwards,  to  a  point  half  an  inch  above  the 
external  occipital  protuberance  (iniori).  The  upper  and  anterior  limit  of 
the  descending  stage  of  the  sinus  may  be  mapped  out  by  another  line 
commencing  at  the  asteric  point,  curving  forwards  and  downwards 
somewhat  abruptly  along  the  line  of  skin  reflexion  at  the  back  of  the 
pinna,  and  terminating  just  below  the  level  of  the  floor  of  the  external 
auditory  meatus,  at  which  point  the  sinus  ceases  to  have  a  relationship 
with  the  side  of  the  head,  and  runs  inwards  and  forwards  at  the  base  of 
the  skull  to  the  jugular  foramen.  Another  line,  half  an  inch  below 
the  horizontal  and  the  same  distance  behind  the  vertical  segment  of 
this  first  line,  will  indicate  the  width  of  the  sinus  ;  this  is  not  quite 
uniform,  however,  but  as  a  rule  is  greater  in  its  mastoid  portion  than 
elsewhere. 

The  distance  between  the  forward  bend  or  genu  of  the  sinus  and 
the  posterior  wall  of  the  external  auditory  meatus  is  subject  to  consider- 
able variability  ;  it  may  be  as  much  as  half  or  as  little  as  a  twelfth  of  an 
inch. 

Macewen  employs  two  lines  to  indicate  the  direction  of  the  sigmoid 
sinus,  both  of  which,  however,  can  only  be  employed  when  the  mastoid 
region  is  stripped  of  its  coverings.  The  first  is  drawn  from  the  asterion 
to  the  upper  border  of  the  external  auditory  meatus ;  the  second,  from 
the  parieto-squamo-mastoid  junction  to  the  tip  of  the  mastoid  process. 
The  latter  is  said  to  correspond  to  the  middle  part  of  the  sigmoid  sinus, 
in  which  thrombosis  is  most  liable  to  occur  with  middle-ear  disease. 
The  same  authority  also  states  that  a  line  directed  vertically  half  an  inch 
behind  the  auditory  meatus,  and  between  the  levels  of  the  floor  and  the 
roof  of  this  passage,  will,  in  the  majority  of  cases,  indicate  the  middle  of 
the  diameter  of  the  genu  of  the  sinus. 

Birmingham  employs  two  lines  to  indicate  the  limits  of  variability 
of  the  sinus.  One  is  drawn  convex  upwards  from  a  point  half  an  inch 
above  the  external  occipital  protuberance,  to  a  point  one  and  a  half 
inches  behind  and  one  and  a  quarter  inches  above  the  centre  of  the 
external  auditory  meatus ;  the  other  is  drawn  from  a  point  half  an  inch 
below  the  occipital  protuberance  to  another  point  one  and  a  half  inches 
directly  behind  the  centre  of  the  meatus.  The  level  of  the  sinus  in  an 
upward  and  downward  direction  is  stated  to  vary  between  these  lines, 
and  that  trephining  may  be  practised  with  safety  above  or  below  the 
area  which  they  enclose. 

The  applied  anatomy  of  the  lateral  sinus  is  further  considered  in 
connection  with  mastoid  disease  (p.  63). 


THE   EAR. 

It  is  customary  to  describe  the  organ  of  hearing  as  consisting  of 
three  distinct  parts,  viz.,  the  external,  middle,  and  internal  ear ;  and 
seeing  that  a  true  perception  of  these  parts  can  only  be  gained  through 
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an  acquaintance  with  their  mode  of  development,  it  is  desirable  that  their 
description  should  be  preceded  by  a  brief  allusion  to  this  subject. 

DEVELOPMENT  OF  THE  EAR.— The  ear  consists  originally  of  two  distinct  parts  : 
(l)  An  epithelial  or  epiblastic  ingrowth  from  the  surface  of  the  head,  which  forms  the  various 
parts  entering  into  the  composition  of  the  labyrinth  or  internal  ear,  which  is  the  essential  organ 
of  hearing,  and  to  which  the  other  divisions  of  the  ear  play  a  subordinate  part.  (2)  The  first 
Branchial  Cleft,  from  the  inner  part  of  which  is  developed  the  tympano-eustachian  passage  ; 
from  the  outer,  the  external  auditory  meatus  and  the  pinna. 

The  epiblastic  invagination  just  mentioned  presents  at  first  (fourth  week)  a  sacculated  appear- 
ance and  is  situated  at  the  side  of  the  hind  brain,  behind  the  branchial  clefts.  It  soon  becomes 
detached  from  the  surface,  and  forms  a  spherical  closed  vesicle,  in  close  relationship  by  its  deep 
aspect  with  the  auditory  nerve,  which  has  grown  out  from  the  brain.  The  vesicle  now  loses  its 
spherical  shape,  becoming  at  first  pyriform,  and  eventually  developing  a  number  of  outgrowths  from 
which  is  gradually  evolved  that  very  complicated  structure  known  as  the  labyrinth  ;  its  different 
parts,  however,  remain  connected  with  each  other,  and  receive  the  terminal  divisions  of  the  auditory 
nerve.  The  epithelium  of  the  original  vesicle,  where  it  comes  into  contact  with  the  nerve  endings, 
becomes  modified,  and  forms  the  sensory  epithelium  of  the  internal  ear.  From  the  mesoblastic 
tissue  surrounding  the  vesicle  are  developed — (l)  The  membranous  labyrinth.  (2)  The  gelatin- 

Tuberculum  Intermedium  Helicis. 


Tuberculum  Anterius  Helicis. 


Tuberculum  Tragicum. 


Tuberculum  Anti-hclicis. 


Tuberculum  Anti-tragicum. 


Mandible.  Lobule. 

FIG.  1 6.—  The  pinna  in  the  embryo  (His). 

as  tissue  which  during  embryonic  life  liquefies  and  forms  the  perilymphatic  fluid  surrounding 
he  membranous  labyrinth.  (3)  A  cartilaginous  capsule,  through  the  ossification  of  which  the 
any  labyrinth  is  formed,  i.e.  the  semicircular  canals,  the  vestibule,  and  the  cochlea. 

The  First  Branchial  Cleft,  which  is  situated  between  the  mandibular  and  hyoid  arches,  is 
lot  pervious  throughout,  but  in  the  embryo  is  divided  into  two  blind,  cleft-like  spaces  by  a 
listinct  septum.  The  outer  part  leads  to  the  skin,  and  forms  the  external  auditory  meatus.  The 
iner  part  leads  to  the  pharynx  ;  its  distal  extremity  expands  in  an  upward  and  backward  direction 
arming  the  tympanic  cavity,  and  its  proximal  or  pharyngeal  extremity  becomes  the  Eustachian 
Tube. 

The  partition  which  separates  the  external  auditory  meatus  from  the  tympano-eustachian 
passage  becomes  gradually  thinner,  and  persists  as  the  Membrana  Tympani. 

The  Pinna  originates  as  a  special  development  from  the  outer  extremity  of  the  first  branchial 
left.  The  margins  of  the  aperture  at  first  become  thickened,  and  subsequently  throw  out  a  series 
"  tubercles  (His),  by  the  further  growth  and  coalescence  of  which  the  pinna  is  formed  (fig.  16). 
ley  are  named  as  follows  (fig.  16) — (l)  Tuberculum  Tragicum.  (2)  Tub.  Anterius.  (3)  Tub. 
atermedium.  (4)  Tub.  Antihelicis.  (5)  Tub.  Antitragicum.  (6)  Lobulus.  These  names  are 
jfficiently  indicative  of  the  parts  which  they  form,  with  the  exception  of  the  Tub.  Anterius  and 
itermedium,  which  coalesce  to  form  the  Helix. 

The  first  and  second  tubercles  belong  to  the  mandibular  arch,  the  remainder  to  the  hyoid 
rch. 

THE  EXTERNAL  EAR.— The  pinna  and  the  external  auditory  meatus  constitute 
the  external  ear.  The  pinna  is  a  laminar  structure,  with  a  pyriform  outline,  and  presents  a  very 
uneven  external  surface.  It  consists  of  a  framework  of  elastic  or  reticular  cartilage,  which  gives 
it  its  characteristic  shape.  Its  skin  covering  is  thin  throughout,  and  is  connected  to  the  peri- 
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chondrium  of  the  cartilage  by  a  scanty  subcutaneous  layer.  On  the  outer  aspect  of  the  pinna 
the  skin  is  tightly  bound  down,  but  on  its  inner  or  cranial  aspect  its  attachment  is  much  looser, 
so  that  it  can  readily  be  pinched  up  in  the  form  of  a  fold.  The  pinna  possesses  both  sebaceous 
and  sweat  glands  ;  the  former  are  most  evident  in  the  hollow  of  the  concha  and  at  the  com- 
mencement of  the  meatus,  the  latter  are  mainly  distributed  to  the  skin  on  its  cranial  aspect. 
The  attachment  of  the  pinna  to  the  head  is  effected  principally  by  stout  connective  tissue 
passing  from  its  cartilage  to  the  zygoma  in  front  and  to  the  outer  surface  of  the  mastoid  bone 
behind,  but  this  is  reinforced  by  the  attachments  of  the  extrinsic  muscles  of  the  pinna,  and  by 
the  firm  attachment  of  the  cartilaginous  to  the  bony  segment  of  the  meatus. 

Certain  names  have  been  given  to  the  different  portions  of  the  pinna  (fig.  17).  The  tragus  is 
the  small  conical  projection  which  overhangs  the  commencement  of  the  external  auditory  meatus. 
Its  extremity  is  sometimes  bifid,  and  its  inner  aspect  is  studded  with  hairs.  Another  projection 
below  and  behind  this  is  called  the  antitragus ;  both  are  separated,  however,  by  a  deep  notch 
(inctsura  intertragica].  The  concha  is  the  deep  recess  which  leads  directly  into  the  external 
auditory  meatus.  The  helix  forms  the  cartilaginous  rolled-over  margin  of  the  pinna.  It 
commences  at  the  bottom  of  the  concha,  and  terminates  below  and  behind  at  the  lobule.  The 


Helix. 


Triangular  Fossa. 


Tragus. 


Scaphoid  Fossa. 

Anti-helix. 

Excavation  of  the  Concha 
Anti-tragus. 


Lobule. 
FIG.  17. — The  outer  surface  of  the  left  pinna  in  the  adult. 

antihelix  springs  from  the  upper  extremity  of  the  antitragus.  It  curves  backwards  and  upwards 
at  first,  and  then  forwards  over  the  concha,  and  divides  into  two  limbs  which  enclose  a  small 
depressed  area,  the  fossa  triangularis  (fossa  of  the  antihelix).  The  more  extensive  depressed  area 
or  furrow  which  lies  between  the  helix  and  the  antihelix  is  called  the  scaphoid  fossa  (fossa  of 
the  helix').  The  lobule  forms  the  lower  part  of  the  pinna,  but  it  lacks  the  firm  consistency  of 
the  remainder  of  the  pinna,  owing  to  the  absence  of  cartilage. 

Blood-vessels. — The  anterior  auricular  arteries  are  derived  from  the  superficial  temporal 
artery  as  it  ascends  in  front  of  the  ear.  They  are  distributed  to  the  outer  aspect  of  the  pinna 
and  anastomose  freely  with  the  other  auricular  vessels.  The  posterior  auricular  arteries  are 
given  oft"  by  the  posterior  auricular  stem  as  it  runs  in  the  deep  groove  between  the  cartilage 
of  the  ear  and  the  mastoid  process.  Its  auricular  branches  reach  the  cranial  aspect  of  the  pinna, 
and  some  of  their  offshoots  pierce  the  cartilage  so  as  to  reach  its  outer  aspect.  Some  fine 
terminal  twigs  in  addition  gain  the  outer  aspect  of  the  pinna,  curving  round  the  ear  margin. 

Nerves. — (l)  The  auricula-temporal  nerve  sends  branches  to  the  outer  aspect  of  the  pinna. 
(2)  The  great  auricular  nerve  supplies  the  greater  part  of  the  skin  on  the  cranial  aspect  of  the 
pinna,  and  some  branches  pierce  the  cartilage  to  reach  the  skin  on  its  outer  surface.  This  nerve 
also  supplies  the  lobule.  (3)  The  small  occipital  nerve  furnishes  sensory  branches  to  the 
summit  of  the  auricle  and  to  a  limited  area  of  skin  on  the  adjacent  portion  of  its  cranial  aspect. 
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Lymphatics. — The  vessels  which  proceed  from  the  outer  surface  of  the  pinna  are  directed 
to  the  parotid  glands,  and  especially  to  one  which  is  situated  in  front  of  the  tragus.  The 
lymphatics  from  the  cranial  aspect  of  the  pinna  make  their  way  for  the  most  part  to  the 
suboccipital  or  mastoid  glands  which  overlie  the  mastoid  bone  and  the  tendinous  insertion  of  the 
•sterno-mastoid  muscle. 

Irregularities  in  the  Shape  and  Congenital  Defects  of  the 
Pinna. — A  well  formed  adult  pinna  will  usually  be  found  to  lie 
between  two  lines,  the  lower  of  which  extends  from  the  margin  of  the 
lobule  to  the  aperture  of  the  nostril,  inclining  slightly  upwards  in  front, 
and  the  upper  of  which  is  parallel  to  this,  and  on  being  prolonged  forwards 
from  the  summit  of  the  pinna  strikes  the  prominence  of  the  brow.  The 
long  axis  of  the  normal  pinna  is  somewhat  oblique,  being  inclined 
downwards  and  forwards  at  an  angle  of  10"  with  the  sagittal  plane. 

Deviations  from  the  normal,  however,  are  by  no  means  uncommon. 
A  small  nodule  or  tubercle  is  occasionally  seen  to  stand  out  from  the 
free  border  of  the  helix,  not  far  from  its  upper  extremity,  which, 
according  to  Darwin,  is  the  representative  in  man  of  the  summit 
of  the  tapering  ear  found  in  many  of  the  lower  animals  {Darwin's 
Tubercle).  In  favour  of  this  view  it  is  to  be  noted  that  the  fine  hairs 
which  are  scattered  over  the  outer  aspect  of  the  pinna  appear  to 
converge  to  this  tubercle  when  it  is  present,  and  are  sometimes 
collected  here  into  a'  miniature  tuft.  The  helix  is  very  subject  to 
variation  ;  its  rolled-over  margin  may  be  wanting  in  part  or  throughout 
its  entire  extent,  so  that  it  appears  comparatively  sharp,  with  little 
indentations  here  and  there.  The  antihelix  is  sometimes  developed  to 
an  excessive  degree  and  overhangs  the  concha  prominently,  but  on  the 
other  hand  it  may  be  quite  insignificant,  and  when  such  is  the  case  the 
upper  part  of  the  pinna  presents  a  peculiarly  flattened  appearance.  The 
lobule,  too,  is  liable  to  irregularity,  being  not  infrequently  present  in  a 
idimentary  state.  A  very  unsightly  deformity  of  the  pinna  is  that  in 
/hich  it  bends  outwards  so  as  to  form  an  obtuse  angle  with  the  side  of 
head,  and  for  the  correction  of  which  a  plastic  operation  may  be 
lecessary. 

The  pinna  at  birth  presents  a  well  developed  appearance,  its  form 
:losely  resembling  that  found  in  the  adult  It  would  appear  that  its 
growth  bears  a  close  relationship  with  that  of  the  cranium,  but  that  it  is 
iltogether  independent  of  the  developmental  changes  occurring  in  the 
ice.  As  examples  of  congenital  defect  may  be  mentioned  microtia,  or 
dwarfed  condition  of  the  pinna,  and  macrotia,  or  excessive  develop- 
lent  of  this  structure.  Microtia  is  much  the  more  common.  With  it,  the 
lape  of  the  pinna  may  to  some  extent  be  maintained,  the  helix  and 
mtihelix  being  present,  but  the  tragus  and  antitragus  absent,  or  the 
itire  pinna  may  be  extremely  small  and  narrow,  and  fuse  with  its 
surroundings.  In  the  most  marked  cases  all  appearance  of  the  normal 
pinna  is  wanting,  or  the  entrance  to  the  meatus  may  be  surrounded  by  a 
modified  cutaneous  ridge. 

In  addition  to  the  congenital  defects  already  enumerated,  there  are 
others  deserving  of  note,  viz.,  Auricular  Fistula  and  Auricular  Dermoids, 
both  of  which  are  explained  by  the  imperfect  fusion  of  the  original 
tubercles  from  which  the  pinna  is  developed.  A  congenital  fistula  usually 
appears  as  a  small  opening  leading  into  a  canal  which  ends  blindly  in 
the  substance  of  the  helix. 


50  APPLIED  ANATOMY 

In  the  case  of  dermoids,  an  unobliterated  space  is  left,  which  is  lined 
by  skin  containing  glands,  and  it  is  from  the  retained  secretion  of  these 
that  the  cyst  contents  are  formed.  An  accessory  tragus  is  sometimes 
present.  It  may  be  situated  in  front  of  or  above  the  normal  tragus,. 
or  be  suspended  from  the  skin  of  the  face  in  front  of  the  latter. 

Its  outstanding  position  at  the  side  of  the  head  renders  the  pinna  very 
prone  to  injury,  but,  on  the  other  hand,  its  highly  elastic  properties 
enable  it  to  adapt  itself  to  distorting  influences  for  the  time  being,  and 
regain  its  original  shape  immediately  when  the  constraint  is  removed. 
One  of  the  most  serious  forms  of  injury  to  which  the  pinna  is  exposed 
is  that  which  tends  to  tear  it  away  from  its  cranial  attachments,  but 
the  vitality  of  the  tissues  here  is  such,  that  even  when  the  detach- 
ment is  almost  complete,  if  the  parts  are  carefully  approximated  and 
retained  by  sutures,  rapid  healing  is  the  rule.  That  fracture  of  the 
cartilage  of  the  pinna  may  occur  is  beyond  doubt,  but  it  is  probable  that 
an  abnormal  degree  of  brittleness  must  exist  in  order  that  this  should 
take  place. 

In  consequence  of  the  density  of  the  subcutaneous  tissue  and  the 
close  connection  which  it  effects  between  the  skin  and  the  peri- 
chondrium  on  the  outer  aspect  of  the  pinna,  inflammatory  swellings  of 
this  part  fail  to  attain  large  dimensions,  but  are  acutely  painful.  The 
comparative  laxity  of  the  subcutaneous  tissue  on  the  cranial  aspect  of 
the  pinna,  however,  permits  swellings  here  to  assume  much  larger  pro- 
portions. It  is  interesting  to  note  the  occasional  deposits  of  urate  of 
sodium  (tophi}  In  the  subcutaneous  tissue  along  the  margin  of  the  helix 
in  gouty  individuals. 

Othaematomata,  or  circumscribed  extravasations  of  blood  between 
the  perichondrium  and  the  cartilage  of  the  pinna,  are  by  no  means 
uncommon,  and  are  usually  observed  upon  its  outer  aspect.  In  the 
majority  of  cases  they  have  a  traumatic  origin,  and  follow  direct  blows 
or  contusions.  The  extravasation  occasionally  appears  to  occur 
spontaneously,  but  it  is  probable  that  the  haemorrhage  in  these  cases 
is  connected  with  coexisting  disease  of  the  walls  of  the  vessels  which 
renders  them  thin  and  brittle.  Spontaneous  Othaematomata  have  been 
noted  especially  in  the  insane  (General  Paralysis),  but  it  is  not  unlikely 
that  many  regarded  as  such  belong  more  correctly  to  the  traumatic 
group.  The  extravasated  blood,  as  a  rule,  if  left  alone,  becomes  for 
the  most  part  absorbed,  but  this  is  apt  to  be  accompanied  by  a  con- 
siderable amount  of  shrinking  of  the  pinna  and  consequent  deformity 
Football  players,  prize-fighters  and  others  very  frequently  preseni 
thickening  and  deformity  of  their  ears,  the  result  of  old  haematomata 
To  obviate  this  as  much  as  possible,  surgeons  often  elect  to  evacuate  the 
blood  as  soon  as  possible  after  the  haematoma  makes  its  appearance. 

The  lymphatic  glands — parotid  and  mastoid — which  receive  the 
vessels  from  the  pinna  are  often  the  seat  of  inflammatory  enlargement 
especially  in  the  children  of  the  poorer  classes,  in  consequence  o 
neglected  sores  on  the  ear,  the  result  of  eczematous  or  other  forms 
of  inflammation.  A  favourite  seat  of  trouble  is  the  sulcus  between  the 
pinna  and  the  side  of  the  head. 

The  External  Auditory  Meatus  extends  from  the  bottom  of  the  concha  to  the  membrana 
tympani,  and  is  about  28  mm.  or  one  inch  in  length.  By  some  anatomists  its  commencemen 
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is  placed  further  out,  and  has  for  its  boundaries ;  in  front,  the  tragus  ;  below,  the  incisura  inter- 
tragica  ;  above,  the  overhanging  margin  of  the  antihelix  ;  behind,  however,  a  definite  boundary  is 
wanting,  the  passage  being  directed  backwards  without  interruption,  along  the  grooved  surface  of 
the  concha.  Its  length  now  would  be  fully  35  mm.  or  one  and  a  half  inches. 

The  wall  of  the  meatus  consists  in  part  of  bone,  in  part  of  cartilage,  the  latter  forming  a 
little  less  than  half. 

The  Bony  Meatus  (fig.  18)  is  formed  above  by  the  squamous  segment  of  the  temporal 
bone,  which  juts  outwards  at  this  level,  forming  the  posterior  root  of  the  zygoma,  and 
also  helps  to  form  part  of  the  floor  of  the  middle  cranial  fossa.  At  the  upper  and  back  part  of 
the  outlet  there  is  another  projecting  ridge,  the  suprameatal  spine  which  is  formed  by  a  downward 
projection  of  the  squamous  bone,  and  furnishes  a  valuable  landmark  in  connection  with  the  opera- 
tive procedures  carried  out  in  the  mastoid  region.  The  floor  of  the  meatus  is  formed  by  the  dense 
tympanic  bone.  At  the  termination  of  the  meatus  there  is  a  narrow  sulcus  running  circumferen- 
tially  (sulcus  tympanicus),  which  surrounds  the  greater  part  of  the  passage,  but  is  deficient 
above  and  in  front  ;  it  gives  attachment  in  the  recent  state  to  the  membrana  tympani.  The  back 
wall  of  the  meatus  is  covered  by  a  thin  layer  of  compact  bone,  which  separates  it  at  its  inner 
part  from  the  mastoid  antrum,  and  at  its  outer  part  from  the  cortical  mastoid  cells.  The 
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Cochlea. 


Int.  Carotid  Arte: 


<'IG.  18. — A  coronal  section  passing  through  the  basis  cranii  at  the  level  of  the  auditory  passages. 
It  traverses  also  the  vestibule  and  cochlea  of  the  internal  ear,  the  tympanum,  and  the  pinna. 
The  epitympanic  recess  is  seen  above  the  level  of  the  membrana  tympani.  From  its  back 
part  the  aditus  leads  into  the  mastoid  antrum.  Observe  the  facial  nerve  in  the  aqueduct  of 
Fallopius  at  the  inner  aspect  of  the  aditus.  The  promontory  of  the  cochlea  is  very 
distinct.  Note  the  oblique  setting  of  the  membrana  tympani. 

anterior  wall  of  the  meatus  is  related  to  the  posterior  compartment  of  the  glenoid  fossa,  which 
is  occupied  normally  by  some  dense  connective  tissue,  and  usually  also  by  a  small  extension  of 
the  parotid  gland.  These  structures  separate  the  meatus  from  the  condyle  of  the  lower  jaw 
and  from  the  temporo-maxillary  articulation. 

The  Cartilaginous  Meatus  is  formed  by  an  inward  prolongation  of  the  cartilage  of  the  pinna, 
which  is  folded  upon  itself  in  such  a  way  that  its  free  margins,  although  they  fail  to  unite,  approach 
each  other  closely,  leaving  a  gap  above  and  in  front  occupied  by  dense  connective  tissue. 
Internally  the  cartilage  has  a  fibrous  attachment  to  the  margin  of  the  bony  meatus  ;  the 
bond  of  union,  however,  is  much  less  strong  above  and  behind  than  below  and  in  front.  On  its 
anterior  and  lower  aspect  the  continuity  of  the  cartilage  is  interrupted  by  two  fissured  gaps  or  clefts, 
which  are  directed  transversely,  and  are  occupied  by  connective  tissue  (fissures  of  Santorini). 
By  its  exterior  the  lower  wall  of  the  meatus  forms  the  roof  of  the  parotid  recess,  and  is 
closely  invested  by  the  parotid  gland  (see  Parotid  Region).  The  outer  extremity  of  the 
condyle  of  the  lower  jaw  forms  an  important  anterior  relationship  to  the  cartilage 
of  the  meatus. 

The  entire  auditory  meatus  is  lined  by  skin,  which  at  the  bottom  of  the  passage  is  continued 
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over  the  outer  surface  of  the  membrana  tympani,  forming  its  outer  or  integumentary  layer.  In 
the  bony  meatus  the  skin  covering  is  excessively  thin,  and  is  inseparably  fused  with  the  periosteum. 
In  the  cartilaginous  meatus.  it  is  somewhat  thicker,  and  the  subcutaneous  stratum  is  better 
developed.  This  part  contains  hairs,  sebaceous  glands,  and  others  which  resemble  very  much 
in  structure  the  coiled  sweat  glands,  but  differ  from  these  in  secreting  a  dark  brown  viscid 
substance,  the  wax  of  the  ear  (ceruminous  glands) ;  they  extend  also  for  a  short  distance  along 
the  roof  of  the  bony  meatus. 

The  long  axis  of  the  meatus  inclines  forwards  and  inwards.  It  is  not  quite  straight, 
however,  but  presents  slight  deviations  both  in  the  transverse  and  vertical  directions.  In 
consequence  of  a  slight  backward  bulging  of  its  anterior  wall  in  the  horizontal  plane,  the 
passage  presents  a  gentle  curve  between  its  two  extremities,  the  concavity  of  which  is  directed 
forwards  (transverse  curve).  Again,  the  floor  of  the  meatus  at  its  commencement  ascends 
slightly,  and  as  it  approaches  its  termination  it  inclines  downwards  to  its  junction  with  the  mem- 
brana tympani,  forming  with  it  an  angle  of  45°  (vertical  curve).  Between  the  floor  and  the  mem- 
brane there  is  a  small  wedge-shaped  recess,  within  which  a  foreign  body  is  very  prone  to  lodge. 

The  calibre  of  the  meatus  is  not  uniform  ;  it  is  widest  at  its  commencement  and 
narrowest  at  its  termination,  but  between  these  two  points  it  is  somewhat  constricted, 
viz.,  at  the  junction  of  its  cartilaginous  and  bony  segments.  At  the  inlet  the  aperture  is 
approximately  oval,  with  its  long  axis  vertical,  but  if  a  series  of  sagittal  sections  be  examined 
between  this  and  the  termination  of  the  meatus  it  will  be  seen  that  its  long  axis  gradually 
inclines  downwards  and  backwards,  and  becomes  nearly  horizontal  close  to  the  membrane,  from 
which  it  would  appear  that  the  canal  undergoes  a  certain  amount  of  spiral  twisting. 

Blood-vessels. — The  cartilaginous  meatus  is  mainly  supplied  by  small  branches  of  the 
superficial  temporal  and  posterior  auricular  arteries.  The  bony  meatus  is  supplied  by  the  deep 
auricular  branch  of  the  internal  maxillary  artery. 

Nerves. — The  auriculo-temporal  nerve  sends  two  branches  to  the  meatus,  which  reach  it  by 
piercing  the  connective  tissue  which  connects  the  cartilage  with  the  bone.  The  deeper  part  of 
the  passage  is  supplied  by  the  auricular  branch  of  the  vagus  nerve. 

The  External  Auditory  Meatus  in  the  infant. — In  the  infant  the  tympanic  membrane  is 
flush  with  the  outer  surface  of  the  skull,  and  the  bony  meatus  therefore  can  scarcely  be  said  to 
exist  (fig.  21).  This  is  to  be  attributed  mainly  to  the  undeveloped  state  of  the  tympanic  bone 
which  forms  an  incomplete  ring  surrounding  the  greater  part  of  the  meatus  at  its  commence- 
ment, but  is  deficient  above  and  in  front.  Subsequently,  this  osseous  rim  grows  outwards  into 
a  mass  of  fibrous  tissue  (the  tympanic  plate  of  Symington),  which  at  the  floor  of  the  meatus  is 
interposed  between  the  bone  and  the  cartilage.  This  outward  growth  is  effected  at  first  mainly 
by  two  bony  processes,  one  in  front  and  one  behind.  Eventually,  having  increased  con- 
siderably in  size,  these  fuse  by  their  margins  and  complete  the  floor  of  the  meatus.  The 
period  at  which  this  takes  place  is  somewhat  variable,  but  is  rarely  deferred  beyond  the  sixth 
year.  Occasionally  it  is  postponed  to  a  later  period,  and  in  such  cases  a  membranous  gap  is 
left  connecting  the  floor  of  the  meatus  with  the  non-articular  part  of  the  glenoid  fossa. 
Although  this  gap  usually  fills  in  and  leaves  no  trace  behind,  yet  it  may  persist  into  adult 
life.  It  possesses  a  considerable  amount  of  pathological  interest. 

The  Examination  of  the  External  Auditory  Meatus. — The  curva- 
tures which  have  been  already  described  in  the  course  of  the  external 
auditory  meatus  tend  to  interfere  with  the  inspection  of  the  walls  of  the 
passage  and  of  the  membrana  tympani,  or  with  the  introduction  of  instru- 
ments for  the  purpose  of  removing  foreign  bodies,  opening  abscesses,  etc. 
To  obviate  this,  the  pinna  should  be  drawn  well  upwards  and  backwards 
so  as  to  bring  the  outer  or  cartilaginous  part  of  the  meatus  into  direct 
line  with  the  inner  portion.  The  tragus  also  should  at  the  same  time  be 
drawn  forwards.  Inspection  of  the  meatus  and  of  the  tympanic  mem- 
brane is  easier  in  the  child,  as  the  passage  is  straighter  and  for  the  most  part 
cartilaginous.  In  many  cases  sufficient  access  can  be  obtained  to  the 
deeper  part  of  the  passage  in  this  way,  but  sometimes  it  is  impossible 
to  carry  out  the  necessary  manipulations  through  such  a  confined  space. 
The  difficulty  may  be  largely  overcome,  however,  by  adopting  the 
following  procedure.  A  curved  incision  is  made  about  half  an  inch 
behind  and  parallel  to  the  skin  reflexion  at  the  back  of  the  pinna, 
beginning  above  near  the  commencement  of  the  helix,  and  curving  down 
over  the  mastoid  behind.  The  pinna,  together  with  the  posterior  auricular 
artery,  is  drawn  forwards,  and  the  fibrous  tissue  connecting  the  bone 
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and  cartilage  at  the  upper  and  back  part  of  the  meatus  is  divided.  The 
deeper  part  of  the  meatus  and  the  membrana  tympani  are  now  brought 
into  view,  and  excellent  facilities  are  afforded  for  carrying  out  the  neces- 
sary manipulations  under  the  direct  observation  of  the  operator. 

The  meatus  possesses  a  high  degree  of  sensibility  and  all  acute  inflam- 
matory affections  of  its  walls  are  usually  excessively  painful,  but  this 
doubtless  is  largely  due  also  to  the  great  density  of  the  inflamed  tissue. 
Irritation  of  the  deeper  part  of  the  passage,  which  obtains  its  nerve 
supply  from  the  auricular  branch  of  the  vagus,  is  very  frequently  ac- 
companied by  phenomena  of  a  reflex  character,  such  as  coughing  or 
vomiting;  it  has  even  been  observed  to  cause  convulsive  attacks  of  an 
epileptiform  character. 

Otitis  Externa. — An  abscess  within  the  meatus  is  invariably  sharply 
circumscribed  and  of  the  nature  of  a  boil  or  furuncle,  which  originates  in 
one  of  the  sebaceous  glands  or  hair  follicles.  As  just  mentioned,  it  is 
acutely  painful,  and  the  suffering  is  greatly  increased  by  movement  of  the 
condyle  of  the  lower  jaw,  as  in  speaking  or  chewing,  but  relief  is  imme- 
diate when  the  pus  is  evacuated,  either  spontaneously  or  by  surgical 
means.  Diffuse  external  otitis  also  occurs,  and  may  be  followed  by 
disease  of  the  bony  wall  of  the  passage.  Occasionally  it  extends  beyond 
the  limits  of  the  meatus,  along  the  connective  tissue  which  unites  the 
cartilage  and  bone  or  along  that  which  occupies  the  small  aperture  or 
congenital  deficiency  in  the  bone  at  the  floor  of  the  meatus.  The 
membrana  tympani  also  may  become  involved,  and  ultimately  perforated, 
allowing  infection  to  reach  the  middle  ear. 

The  Relationships  of  the  Meatus  in  their  Pathological  Bearings. 
— Certain  of  the  parts  which  are  related  to  the  external  meatus  possess 
an  especial  interest  in  consequence  of  the  not  infrequent  extension  of 
disease  from  them  to  the  ear,  or  vice  versa.  Those  which  are  most 
deserving  of  mention  are  the  parotid  gland,  the  mastoid  cells,  the 
temporo-maxillary  joint,  and  the  middle  ear.  For  an  account  of  the 
manner  in  which  these  are  related  to  the  meatus  the  reader  is  referred 
to  the  description  given  above. 

A  parotid  abscess  may  discharge  the  greater  part  of  its  contents 
through  the  meatus  by  travelling  along  the  connective  tissue  paths 
already  alluded  to,  i.e.  between  the  bone  and  cartilage,  through  the  mem- 
branous gap  in  the  floor  of  the  bony  meatus,  or,  as  has  been  asserted  by 
some  authorities,  along  the  tissue  which  occupies  the  fissures  of  Santorini. 
A  malignant  growth  of  the  parotid  gland  tends  to  cause  progressive 
narrowing  of  the  meatus,  and  may  finally  penetrate  into  its  interior  as  a 
fungating  bleeding  mass. 

In  the  account  given  of  the  applied  anatomy  of  the  lower  jaw,  the 
relationship  of  the  condyle  to  the  meatus  is  studied  in  its  practical 
bearings.  It  is  of  interest  further  to  note  that  when  the  mouth  is 
closed,  the  outer  portion  of  the  condyle  lies  very  close  to,  and  may  even 
exert  a  certain  amount  of  pressure  upon,  the  deeper  part  of  the 
cartilaginous  meatus,  but  that  when  the  mouth  is  widely  opened  the 
pressure  is  relieved,  as  the  condyle  simultaneously  moves  forwards.  This 
fact  can  be  readily  perceived  by  inserting  the  tip  of  the  little  finger 
into  the  meatus,  the  mouth  meanwhile  being  opened  and  closed. 

The   relationship  of  the  meatus   to   the   mastoid  antrum   and  cells 
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deserves  the  closest  attention.  From  the  account  which  has  been  given 
above,  it  will  not  be  difficult  to  understand  how  an  abscess  developing 
in  the  antrum  and  the  surrounding  mastoid  cells  occasionally  finds  its  way 
through  the  back  wall  of  the  meatus,  forming  at  first  a  collection  beneath 
the  periosteum,  which  may  ultimately  discharge  its  contents  into  the 
meatus,  or,  as  sometimes  happens,  travel  outwards  beneath  the  periosteum 
and  point  at  the  back  of  the  pinna,  where  its  presence  is  revealed  by  a 
red,  cedematous,  and  ultimately  fluctuating  swelling.  This  relationship  of 
the  antrum  explains,  too,  the  possibility  of  its  being  reached  by  perforating 
the  posterior  wall  of  the  meatus  near  its  junction  with  the  roof,  in  a 
direction  backwards,  upwards,  and  inwards.  It  would  be  dangerous  to 
perforate  at  all  deeply  into  the  back  wall  of  the  meatus  at  its  innermost 
part,  seeing  that  the  facial  nerve  is  close  at  hand  here,  near  the  point 
where  it  takes  its  final  bend  downwards  to  reach  the  stylo-mastoid 
foramen,  and  contained  within  a  rather  dense  bony  canal. 

As  the  membrana  tympani  and  tympanic  cavity  have  not  yet  been 
studied,  nothing  more  will  be  mentioned  at  this  stage  than  the  fact  that 
abscesses  originating  in  the  middle  ear  very  frequently  ulcerate  through 
the  membrana  tympani  and  reach  the  exterior  by  traversing  the  meatus. 

The  reader  will  now  be  in  a  position  to  understand  the  various 
possibilities  which  exist  as  to  the  origin  of  a  purulent  discharge  from 
the  external  auditory  meatus.  A  little  consideration  will  show  that  it 
may  originate  in  the  meatus  itself  (ptitis  externa),  in  the  tympanic 
cavity  (plitis  media),  in  the  mastoid  antrum  and  cells,  or  in  the  parotid 
gland. 

The  Secretion  of  the  Ceruminous  Glands  is  very  prone  to  collect 
within  the  meatus,  forming  an  inspissated  mass.  Such  collections  are 
a  frequent  source  of  increasing  deafness,  but  the  latter  may  come  on 
suddenly  should  the  volume  of  the  mass  rapidly  increase  from  the 
absorption  of  water.  The  pressure  of  such  collections  against  the 
membrana  tympani  may  make  its  effects  felt  in  the  internal  ear  and 
cause  symptoms  of  vertigo.  Foreign  bodies  of  different  sorts — peas,  grains 
of  shot,  beads,  etc. — now  and  then  become  lodged  within  the  meatus,  and 
may  prove  difficult  of  extraction,  especially  if  they  have  entered  the  recess 
at  the  termination  of  the  meatus.  The  early  removal  of  such  foreign 
bodies  is  desirable,  as  they  have  a  tendency  to  excite  irritation  of  the 
lining  of  the  canal  or  of  the  membrane.  They  may  prove  troublesome 
also  by  inducing  certain  reflex  nervous  symptoms  such  as  have  been 
mentioned  above. 

Atresia,  or  an  abnormal  degree  of  narrowing  of  the  meatus,  may  be 
due  to  different  causes.  The  congenital  variety  results  from  an  imper- 
fection in  the  normal  mode  of  development  of  the  first  branchial  cleft, 
and  will  very  probably  be  found  associated  with  other  defects  of  the 
auditory  apparatus  {pinna,  membrana  tympani).  More  commonly,  how- 
ever, atresia  auris  is  of  a  pathological  nature,  and  is  brought  about  by 
cicatricial  changes  following  ulceration  within  the  meatus,  in  which  the 
formation  of  granulation  tissue  has  been  excessive.  Other  causes  of 
atresia  are  epitheliomatous  disease,  fractures,  and  exostoses.  The  latter  are 
usually  of  the  hard  or  compact  variety  and  of  very  slow  growth  ;  they 
have  a  sessile  attachment  as  a  rule,  and  are  situated  near  the  outlet  of 
the  bony  meatus. 
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THE  MEMBRANA  TYMPANI.— The  membrana  tympani  is  the  thin  vibrating 
membrane  which  is  situated  at  the  bottom  of  the  external  auditory  meatus,  and  is 
the  representative  of  the  partition  which  is  situated  in  the  foetus  within  the  first  branchial 
cleft,  separating  its  inner  or  pharyngeal  from  its  outer  or  meatal  portion.  It  is  attached 
to  the  tympanic  ring  and  is  placed  very  obliquely,  being  inclined  inwards  both  in  front 
and  below.  It  forms  an  acute  angle  of  about  45°  with  the  floor  of  the  meatus,  but  is 
inclined  to  the  roof  at  an  obtuse  angle  of  140°  or  thereabouts.  In  the  infant  the  obliquity 
is  much  more  marked  than  in  the  adult,  so  much  so  that  the  membrane  appears  to  lie 
almost  in  the  same  plane  as  the  roof  of  the  meatus.  In  shape  it  is  oval,  and  in  the  adult 
measures  on  an  average  9  to  10  mm.  in  the  vertical  and  8  to  9  mm.  in  the  transverse 
direction.  Its  inner  surface  is  invested  by  the  mucous  membrane  of  the  tympanic  cavity,  and 
presents  important  relationships  to  the  malleus  (fig.  20).  The  handle  of  this  bone,  which  is 
directed  from  above  downwards,  is  at  the  same  time  inclined  inwards  and  slightly  backwards, 
and  lies  between  the  mucous  and  fibrous  layers  of  the  membrane,  the  periosteum  at  its  lower  end 
being  firmly  adherent  to  the  latter  a  little  below  its  centre.  Near  the  upper  periphery  of  the 
tympanic  ring  the  short  process  of  the  malleus  projects  outwards,  and  is  attached  by  its  tip  to 
the  membrane.  From  this  short  process  two  folds  diverge  in  an  upward  direction  and 
are  attached  to  the  extremities  of  the  notch  by  which  the  continuity  of  the  tympanic  ring  is 
interrupted  above  and  in  front  (Incisura  Rivini) ;  they  are  called  the  tympano-malleolar  folds 
(fig.  20).  The  V-shaped  interval  which  they  enclose  is  occupied  by  a  layer  of  tissue  of  a  much 
looser  nature  than  the  remainder  of  the  membrane  ;  it  is  known  as  the  membrana  flaccida,  or 
ShrapneWs  membrane.  In  close  relationship  to  the  inner  aspect  of  the  membrana  tympani,  near 
its  upper  part,  is  the  chorda  tympani  nerve,  enclosed  in  a  fold  of  mucous  membrane  (fig.  20). 

The  outer  surface  of  the  membrana  tympani  is  smooth  and  shining.  A  little  below  its 
centre  is  a  depression — the  umbo — caused  by  the  inward  direction  of  the  handle  of  the  malleus, 

le  extremity  of  which  is  attached  here.  Between  the  umbo  and  the  periphery,  the  surface  of 
the  membrane  is  not  quite  flat,  but  bulges  outwards  so  as  to  appear  convex  towards  the  meatus, 
and  is  provided  with  a  thin  covering  of  skin  from  the  walls  of  the  meatus.  The  proper 
substance  of  the  membrana  tympani,  viz. ,  its  intermediate  layer,  is  fibrous.  Two  sets  of  fibres 
are  described — an  outer  radial  set,  diverging  from  the  attached  extremity  of  the  malleus,  and 

.  deeper  or  circular  set,  which  are  stronger  at  the  periphery  than  near  the  centre. 

Blood-vessels. — The  vessels  of  the  membrane  run  mainly  in  its  cutaneous  and  mucous 
layers.  Its  outer  aspect  is  supplied  by  the  deep  auricular  branch  of  the  internal  maxillary 
artery,  its  inner  or  mucous  aspect  by  branches  derived  from  the  stylo-mastoid  branch  of  the 
posterior  auricular  artery. 

Nerves.  — The  outer  aspect  of  the  membrane  receives  filaments  from  the  auriculo-temporal  nerve 

id  from  the  auricular  branch  of  the  vagus.  The  inner  layer  receives  offshoots  from  the  tympanic  plexus. 
THE  TYMPANUM  OR  MIDDLE  EAR.— The  tympanum  is  an  irregularly  shaped 

avity  or  cleft  in  the  interior  of  the  petrous  segment  of  the  temporal  bone,  lying  between  the 
external  auditory  meatus  and  the  internal  ear  or  labyrinth.  It  communicates  behind  through  a 
wide  passage  with  the  mastoid  antrum  and  cells,  and  in  front  with  the  naso-pharynx  by  means 
[)f  the  Eustachian  tube,  which  admits  air  to  its  interior.  Enclosed  within  the  layers  of  the 

ympanic  mucous  membrane,  and  passing  from  the  membrana  tympani  to  the  inner  or  labyrin- 

line  wall,  is  a  chain  of  small  bones — the  auditory  ossicles — which  articulate  with  each  other  ;  they 
ess  a  limited  range  of  movement  and  serve   to  transmit   the  vibrations   of  sound   across 
cavity.     The  tympanum  presents  for  examination  a  roof  and  a  floor,  also  anterior,  posterior, 
ind  lateral  boundaries. 

The  Roof  is  formed  by  a  thin  plate  of  bone — the  tegmen  tympani — which  is  prolonged  back- 
wards over  the  mastoid  antrum  and  forwards  over  the  Eustachian  tube  (fig.  23).  Its  upper  aspect  is 
comparatively  smooth,  and  is  covered  by  the  dura  mater  of  the  middle  cranial  fossa.  Its  lower 
aspect  is  usually  rough,  but  is  covered  by  mucous  membrane.  Externally,  a  trace  of  the  petro- 
squamous  suture  can  occasionally  be  found  in  the  adult  at  the  junction  of  the  tegmen  with  the 
squamous  bone.  In  the  foetus  and  infant  it  is  represented  by  a  fissure  containing  connective 
tissue,  and  transmits  veins  from  the  tympanic  mucous  membrane  to  the  superior  petrosal  sinus. 
There  are  sometimes  one  or  more  gaps  or  deficiencies  in  the  tegmen,  which  are  occupied  by 
connective  tissue.  The  upper  part  of  the  tympanic  cavity,  viz.,  that  part  which  lies  above  the 
level  of  the  external  auditory  meatus,  is  called  the  attic  or  the  epitympanic  recess  ;  it  contains  the 
head  and  neck  of  the  malleus  and  the  greater  portion  of  the  incus,  together  with  several  folds  of 
mucous  membrane,  and  leads  directly  backwards  into  the  mastoid  antrum. 

The  Floor  of  the  tympanum  is  somewhat  narrower  than  the  roof,  and  its  surface,  which 
usually  presents  a  very  irregular  appearance,  is  at  a  lower  level  than  that  of  the  external  auditory 
meatus.  It  is  separated  by  a  layer  of  compact  bone,  which  is  sometimes  excessively  thin,  from 
the  jugular  fossa,  which  lodges  the  bulb  of  the  internal  jugular  vein,  and  it  is  perforated  by  a  small 
canal  through  which  the  tympanic  branch  of  the  glosso-pharyngeal  nerve  enters  the  cavity. 
There  are  other  small  openings  in  the  floor,  through  which  minute  veins  pass  downwards  to  join 
the  internal  jugular  vein. 

The  Anterior  Wall.  — The  vertical  depth  of  the  anterior  wall  is  diminished  in  consequence 
of  the  downward  slope  in  front  of  the  tegmen  tympani.  Close  beneath  the  latter  is  seen  the 
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tympanic  orifice  of  the  Eustachian  tube,  but  the  two  are  separated  by  the  small  canal  which  lodges 
the  tensor  tympani  muscle.  Between  the  tube  and  the  floor  of  the  cavity  the  anterior  wall  is 
formed  of  a  thin  lamina  of  bone,  which  separates  it  from  the  vertical  stage  of  the  carotid 
canal.  In  this  canal  a  venous  plexus  surrounds  the  internal  carotid  artery,  and  has  some 
communications  with  the  tympanic  veins  through  apertures  in  the  bone. 

The  Posterior  Wall. — At  the  upper  part  of  the  posterior  wall  there  is  a  large  triangular 
aperture  leading  into  the  mastoid  antrum  (fig.  1 8).  Its  base,  which  is  directed  upwards,  is 
formed  by  the  tegmen,  and  its  inner  margin  is  formed  by  the  bony  canal  within  which  the 
facial  nerve  is  contained,  and  immediately  above  and  behind  this  is  a  slight  projection  caused 
by  the  outward  curve  of  the  external  semicircular  canal.  At  the  level  of  the  floor  of  this 
passage  the  facial  nerve  bends  outwards  to  a  slight  extent  before  entering  upon  its  final 
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FlG.  19. — Coronal  section  taken  through  the  head  at  the  level  of  the  auditory  passages.  From 
a  mounted  specimen  in  the  Anatomical  Department,  Trinity  College,  Dublin.  The  section 
traverses  the  internal  auditory  meatus,  the  vestibule  of  the  internal  ear,  the  tympanum,  the 
membrana  tympani,  and  the  external  auditory  meatus.  The  ossicles  are  distinctly  seen,  also 
the  epitympanic  recess  and  the  tegmen  tympani.  The  close  proximity  of  the  temporal  lobe 
of  the  brain  to  the  tympanum  and  of  the  parotid  gland  to  the  floor  of  the  external  auditory 
meatus  is  deserving  of  attention. 

descending  stage  to  the  stylo-mastoid  foramen,  and  throughout  its  entire  course  it  is  contained 
within  the  dense  compact  tissue  of  the  petrous  bone.  Below  the  antral  aperture  is  a  small 
conical  projection  known  as  the  pyramid,  with  a  small  perforation  at  its  summit  through 
which  passes  the  tendon  of  the  stapedius  muscle.  At  the  outer  side  of  the  pyramid  and  close 
to  the  posterior  attachment  of  the  tympanic  membrane  is  the  small  aperture  which  leads  into  the 
her  chordae  posterius,  through  which  the  chorda  tympani  nerve  enters  the  tympanum. 
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The  outer  wall  is  formed  for  the  most  part  by  the  membrana  tympani,  but  above  and 
behind  the  latter  it  is  formed  by  a  downward  projection  of  the  squamous  bone,  which  is 
sometimes  of  a  dense  compact  nature,  but  occasionally  is  hollowed  out  by  cells  which  com- 
municate behind  with  those  of  the  mastoid.  The  outer  wall  at  this  level  sometimes  forms  a 
sort  of  recess,  which  extends  outwards  so  as  to  overhang  the  external  auditory  meatus.  More 
anteriorly,  and  at  the  level  of  the  anterior  part  of  the  membrana  tympani,  is  the  Glaserian 
fissure,  towards  which  is  directed  the  processus  gracilis  of  the  malleus,  and  immediately  adjoining 
the  fissure  is  the  aperture  which  leads  into  the  iter  chordae  anterius  for  the  chorda  tympani  nerve. 
The  inner  wall  of  the  tympanum  is  very  uneven  and  is  formed  by  that  part  of  the  petrous 
bone  which  limits  the  labyrinth  externally.  The  promontory  of  the  cochlea  forms  one  of  the 
most  striking  objects  to  be  seen  here.  Above  and  behind  it  is  the  aperture  known  as  thefenestra 
waits,  or  f.  vestibuli.  It  leads  directly  into  the  vestibule  of  the  internal  ear,  and  is  occupied 
in  the  recent  state  by  the  footplate  of  the  stapes  and  by  some  ligamentous  connective  tissue  which 
retains  this  in  place.  Between  the  fenestra  ovalis  and  the  tympanic  roof  is  the  outstanding 
bony  ridge  formed  by  the  aqueduct  of  Fallopius  arching  downwards  and  backwards  beside  the 
passage  which  leads  into  the  antrum.  The  wall  of  the  aqueduct  is  composed  of  a  layer  of  very 
thin  bone,  which  sometimes  presents  one  or  more  small  deficiencies  or  membranous  gaps. 
Below  and  behind  the  promontory,  and  somewhat  concealed  by  it,  is  the  circular  aperture  of 
thefenesfra  rotunda  which  leads  into  the  scala  tympani  of  the  cochlea,  and  in  the  recent  state 
is  closed  by  a  thin  membrane — the  secondary  membrane  of  the  tympanum.  The  processus 
cochleariformis  which  separates  the  canal  for  the  tensor  tympani  from  the  Eustachian  tube  in 
front  is  prolonged  backwards  and  approaches  close  up  to  the  fenestra  ovalis.  At  this  point  its 
margin  is  curved  upwards  like  a  scroll,  so  as  almost  to  surround  the  tendon  of  the  tensor 
tympani,  forming  for  it  a  sort  of  pulley,  around  which  the  tendon  curves  almost  at  a  right  angle 
on  its  way  outwards,  to  be  inserted  into  the  neck  of  the  malleus. 

The  tympanic  cavity  is  narrowest  opposite  the  umbo,  the  interval  between  this  and  the 
ner  wall  being  about  2  mm.     But  it  expands  away  from  this  in  all  directions.     It  is  widest 
.bove  and  behind,  in  front  of  the  antrum,  and  measures  about  5  mm.     Its  vertical  and  antero- 
terior  diameters  are  each  not  much  more  than  half  an  inch — 12  to  15  mm. 

Blood-vessels. — The     arteries    distributed    to    the    tympanum    are — (i)  The    tympanic 
•anch   of  the    internal    maxillary    artery,    which    enters    through     the     Glaserian    fissure. 
2)  The  stylo-ntastoid  branch  of  the  posterior  auricular  artery,  which  sends  a  branch  forwards 
rough  an  aperture  in  the  canal  of  Fallopius.     (3)  The  petrosal  branch  of  the  middle  meningeal 
rtery,  which  runs  alongside  the  great  superficial  petrosal  nerve  in  the  hiatus  Fallopii.     (4)  Small 
'ranches  from  the  internal  carotid  artery  as  it  traverses  the  carotid  canal. 

Of  the  veins  which  lead  away  from  the  tympanum,  some  pass  upwards  intracranially  and 
:ach  the  superior  petrosal  sinus,  others  take  a  downward  course  and  join  the  temporo- 
.xillary  vein,  a  few  of  small  size  pierce  the  floor  of  the  tympanum  and  open  into  the  bulb 
f  the  internal  jugular  vein,  and  lastly,  a  certain  number  make  their  way  backwards  to  the 
.teral  sinus. 

Nerves. — The  tympanum  is  well  supplied  with  nerves  through  the  tympanic  plexus.  The 
rves  which  enter  into  its  formation  are — (1)  the  tympanic  branch  of  the  glosso-pharyngeal 
acobson's  nerve) ;  (2)  the  small  superficial  petrosal  nerve,  which  passes  backwards  from  the  otic 
nglion  to  join  the  facial  nerve  ;  (3)  the  small  deep  petrosal  nerve,  from  the  sympathetic  plexus 
hich  surrounds  the  internal  carotid  artery."  The  main  part  of  the  plexus  is  contained  in 
•ooves  on  the  outer  aspect  of  the  promontory. 

The  Chorda  Tympani  Nerve  leaves  the  facial  in  the  lower  part  of  the  aqueduct  of 
'allopius  and  takes  a  retrograde  course  to  the  tympanum,  which  it  enters  through  the 
r  chordae  posterius  at  the  outer  side  of  the  pyramid.  It  crosses  the  tympanum  from  behind 
forwards,  enclosed  within  a  fold  of  mucous  membrane,  and  in  close  relationship  to  the  upper 
segment  of  the  membrana  tympani  (fig.  20).  As  it  runs  forwards  it  lies  to  the  inner  side 
of  the  handle  of  the  malleus,  near  its  neck,  and  the  processus  gracilis  ;  it  leaves  the 
.ympanum  in  front,  through  the  iter  chordae  posterius. 

The  Facial  Nerve  in  the  Temporal  Bone. — The  facial  nerve  enters  the  internal 
auditory  meatus  in  company  with  the  auditory  nerve  and  the  pars  intermedia.  At  the  bottom 
of  the  meatus  it  enters  the  aqueduct  of  Fallopius  and  traverses  this  tortuous  canal.  Its  direction 
within  the  latter  is  at  first  outwards  and  forwards  between  the  cochlea  and  the  vestibule,  it  then 
takes  a  sudden  bend,  and  runs  backwards  and  downwards  in  relation  to  the  inner  wall  of  the 
tympanum,  separated  from  its  interior  by  a  very  thin  layer  of  bone  and  by  the  tympanic  mucous 
membrane,  and  situated  immediately  above  and  behind  the  fenestra  ovalis.  Having  reached  the 
upper  and  back  part  of  the  inner  tympanic  wall  it  turns  downwards,  and  at  this  level  the  bone 
which  encases  it  helps  to  form  the  inner  boundary  of  the  aditus  or  connecting  passage  between 
the  tympanum  and  the  mastoid  antrum  (fig.  18)  lying  below  and  in  front  of  the  projection  in  the 
ner  wall  of  the  latter,  which  is  caused  by  the  external  semicircular  canal.  The  nerve  now 
ends  in  an  almost  vertical  direction  to  the  stylo-mastoid  foramen.  At  the  level  of  its  first 
nd  (genu)  within  the  aqueduct  the  nerve  is  joined  by  the  pars  intermedia,  and  at  the 
commencement  of  its  terminal  or  descending  stage  it  lies  within  a  mass  of  very  compact 
bone,  in  close  proximity  to  the  deeper  part  of  the  posterior  wall  of  the  external  auditory  meatus. 
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The  Auditory  Ossicles. — In  the  earlier  stages  of  their  development  the  ossicles  and  the 
chorda  tympani  nerve  lie  outside  the  cleft  which  subsequently  becomes  the  tympanic  cavity, 
embedded  in  a  gelatinous  connective  tissue.  This  gradually  disappears  after  birth,  and  at  the 
same  time  the  mucous  membrane  becomes  applied  against  the  ossicles,  somewhat  after  the  manner 
of  a  mesentery,  so  that  these  small  bones  never  lie  free  within  the  tympanic  cavity,  but  are 
enclosed  in  folds  of  membrane  which  remain  in  connection  with  the  walls  of  the  cavity.  The 
malleus  and  the  incus  are  developed  from  the  proximal  extremity  of  the  mandibular  arch, 
viz.,  from  the  upper  extremity  of  Meckel's  cartilage,  but  the  stapes  is  formed  by  a  cartilaginous 
ossification  around  one  of  the  tympanic  arteries  (stapedial  or  mandibular — Fraser). 

The  ossicles  extend  across  the  upper  part  of  the  tympanic  cavity,  and  are  situated  almost 
entirely  above  the  level  of  the  membrana  tympani,  and  in  addition  to  the  articular  ligaments 
which  connect  them  with  each  other  there  are  others  which  anchor  them  to  the  walls  of  the 
tympanum.  The  principal  of  these  are  as  follows: — (l)  The  anterior  ligament  of  the  malleus, 
which  extends  from  the  anterior  aspect  of  the  latter  to  the  anterior  wall  of  the  tympanum  above  the 
Glaserian  fissure.  (2)  The  external  ligament  of  the  malleus,  which  extends  from  the  margins 
of  the  notch  of  Rivinus  to  the  short  process  and  the  adjacent  part  of  the  malleus.  (3)  The 
superior  ligament  of  the  malleus,  which  connects  the  latter  to  the  deeper  aspect  of  the  tympanic 
roof.  (4)  The  ligament  of  the  incus,  which  extends  backwards  from  the  short  process  of  the  latter 
to  the  posterior  tympanic  wall,  immediately  below  the  entrance  to  the  mastoid  antrum. 

Muscles.  —  The  Tensor  Tympani. — The  fleshy  fibres  of  this  muscle  are  contained  within  the 
bony  canal  which  overlies  the  Eustachian  tube  ;  its  tendon  bends  sharply  over  the  edge  of  the 
processus  cochleariformis  as  upon  a  pulley,  and  passes  outwards  to  be  inserted  into  the  inner 
aspect  of  the  handle  of  the  malleus  close  to  its  root.  The  Stapedius  is  lodged  within  the 
hollow  of  the  pyramid,  in  front  of  the  descending  stage  of  the  aqueduct  of  Fallopius.  Its  tendon 
emerges  through  the  summit  of  the  pyramid,  and  passes  forwards  to  be  inserted  into  the  neck  of 
the  stapes  close  to  its  articulation  with  the  incus. 

The  Mucous  Membrane  of  the  Tympanum  is  very  thin,  and  is  directly  continuous  with 
that  of  the  pharynx,  Eustachian  tube,  and  mastoid  cells.  Ths  ossicles  are  contained  within  folds 
of  the  membrane,  much  in  the  same  way  that  certain  of  the  abdominal  viscera  are  connected  to  the 
wall  of  that  cavity  by  folds  of  peritoneum.  In  addition  to  investing  the  ossicles,  the  mucous 
membrane  also  forms  other  folds  the  principal  of  which  are  found  in  the  upper  part  of  the  cavity, 
viz. ,  the  attic,  surrounding  the  chorda  tympani  nerve,  and  passing  from  the  tympanic  roof  to  the 
conjoined  heads  of  the  malleus  and  incus.  These  folds  form  a  number  of  pouch-like  recesses, 
which  partially  subdivide  the  main  cavity  ;  they  vary  very  much  in  their  extent  and  development, 
but  possess  a  large  amount  of  pathological  interest  in  connection  with  inflammation  of  the 
tympanum.  One  of  these,  known  as  the  pouch  of  Prussak,  is  situated  between  the  membrana 
flaccida  and  the  neck  of  the  malleus. 

The  Eustachian  Tube,  which  connects  the  tympanum  with  the  naso-pharynx,  is  about  one 
and  a  half  inches  in  length.  For  about  half  an  inch  of  its  course  it  is  surrounded  by  a  bony  wall, 
and  lies  in  the  angle  between  the  petrous  and  squamous  segments  of  the  temporal  bone,  and 
is  bounded  internally  by  the  carotid  canal.  The  remaining  portion  is  surrounded  by  a  triangular 
plate  of  cartilage,  the  edges  of  which  curve  round,  but  fail  to  meet  each  other.  The  intervening 
gap,  which  is  mainly  occupied  by  fibrous  tissue,  is  situated  at  the  under  and  outer  side  of  the 
tube,  and  is  related  to  the  fibres  of  origin  of  the  tensor  palati  muscle  (dilator  ttibts}.  The 
diameter  of  the  tube  is  not  uniform  ;  it  is  narrowest  at  the  junction  of  its  bony  and  cartilaginous 
segments,  viz.,  about  2  mm. — isthmus  tuba— but  widens  gradually  from  this  towards  its 
tympanic  and  pharyngeal  extremities.  Its  general  direction  is  forwards  and  inwards,  making 
an  angle  of  45°  with  the  sagittal  plane  ;  it  is  also  inclined  slightly  downwards.  The  cartilage 
of  the  tube  expands  as  it  passes  forwards,  and  when  viewed  from  within  the  pharynx  presents 
a  trumpet-shaped  appearance,  and  is  situated  on  the  lateral  wall  of  the  naso-pharynx,  behind  the 
inferior  turbinated  bone  and  above  the  soft  palate  (fig.  43).  The  mucous  membrane  of  the  osseous 
portion  is  thin,  devoid  of  glands,  and  adheres  firmly  to  the  periosteum,  but  that  which  lines  the 
cartilaginous  portion  is  thicker,  is  provided  with  mucous  glands,  and  in  the  child  contains  in 
addition  a  quantity  of  lymphoid  tissue. 

The  Membrana  Tympani. — When  the  outer  surface  of  the  membrana 
tympani  is  inspected  during  life,  with  the  aid  of  the  ear  speculum  and 
good  illumination,  it  appears  semi-transparent,  with  a  smooth  shining  sur- 
face of  a  pearly  grey  tint.  Near  the  upper  periphery  of  the  membrane  the 
external  process  of  the  malleus  can  usually  be  made  out  as  a  small  conical 
projection  of  a  white  colour,  and  radiating  from  it  towards  the  margins 
of  the  incisura  Rivini  it  is  possible  to  distinguish  the  two  folds  which  cir- 
cumscribe the  membrana  flaccida,  tympano-malleolar  folds  (fig.  20).  From 
the  external  process  the  shadow  caused  by  the  handle  of  the  malleus  is 
seen  extending  downwards  and  slightly  backwards  to  the  umbo.  In  the 
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sub-umbilical  segment  of  the  membrane  a  luminous  streak  or  triangle 
is  usually  seen,  with  its  apex  at  the  umbo  and  its  base  at  the  periphery  ; 
it  is  directed  forwards,  making  an  obtuse  angle  with  the  handle  of  the 
malleus  open  in  front.  When  the  membrane  is  drawn  inwards  to  an 
excessive  degree,  as  occurs  in  certain  forms  of  otitis  media,  especially 
the  sclerosing  form,  the  appearances  just  described  become  somewhat 
modified,  the  handle  of  the  malleus  appears  foreshortened,  and  in  con- 
sequence of  the  rotation  which  the  bone  undergoes,  its  outer  process 
appears  unduly  prominent  and  is  seen  with  great  distinctness  as  a 
pearly  white  spot.  The  luminous  triangle  assumes  an  elongated  appear- 
ance, which  increases  with  the  amount  of  depression  of  the  membrane. 
It  is  sometimes  possible,  with  good  illumination,  to  see  the  long 
process  of  the  incus  as  a  faint  shadow  behind  and  parallel  to  the  handle 
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IG.  20. — Diagrammatic  representation  of  thennembrana  tympani,  showing  its  relationships  to 
the  ossicles,  the  chorda  tympani  nerve,  and  also  its  relative  position  with  regard  to  the  epi- 
tympanic  recess,  the  tympanic  floor,  and  the  Eustachian  tube  (Merkel). 

the  malleus,  and  also  the  promontory  of  the  cochlea  on  the  inner 
^rnpanic  wall  (fig.  20).  The  colour  of  the  membrana  may  deviate  from 
le  normal  under  various  pathological  conditions.  With  sclerosing 
titis  it  appears  excessively  white  in  consequence  of  cicatricial  changes, 
:alling  the  appearances  seen  in  atrophy  of  the  optic  papilla.  With 
inflammation,  either  confined  to  itself  (inyringitis}  or  associated  with  otitis 
media,  it  becomes  greatly  reddened  and  its  vessels  distinctly  visible. 
Its  colour  appears  yellow,  and  it  bulges  outwards  when  pus  collects 
within  the  cavity  of  the  tympanum.  It  may  present  a  perforation,  and 
it  is  sometimes  covered  with  a.  layer  of  granulation  tissue  which  com- 
pletely alters  its  appearance. 

Paracentesis  of  the  membrana  is  usually  required  for  the  purpose  of 
evacuating  a  tympanic  abscess.  By  undertaking  this  little  operation  at 
an  early  period  the  chances  of  quick  recovery  are  greatly  increased, 
certain  complications,  to  be  referred  to  presently,  will  be  prevented,  and 
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the  wound  made  in  the  membrane  will  almost  certainly  heal  readily 
and  the  normal  function  of  hearing  will  be  restored.  It  is  well,  as  far 
as  possible,  to  avoid  making  an  incision  in  the  supra-umbilical  segment  of 
the  membrane,  as  at  this  level  are  found  the  handle  of  the  malleus,  the 
principal  vessels  and  nerves  of  the  membrane,  the  chorda  tympani  nerve, 
the  chain  of  ossicles,  the  fenestra  ovalis,  and  the  promontory  (fig.  20). 
The  incision  had  best  be  made  in  the  posterior  and  lower  quadrant.  In 
consequence  of  the  exquisite  tenderness  of  the  inflamed  membrane,  the 
procedure  is  best  carried  out  under  general  anaesthesia  and  with  good 
illumination  of  the  part. 

Inflammation  of  the  Middle  Ear — (Otitis  media). — There  is  per- 
haps no  region  in  the  body  the  anatomy  of  which  possesses  such  a  high 
degree  of  practical  importance  as  the  tympanic  cavity  and  its  immediate 
surroundings.  It  is  only  by  a  thorough  knowledge  of  its  varied  and 
complex  relationships  that  one  can  understand  why  the  tympanum  is 
so  frequently  the  seat  of  inflammatory  processes  of  various  forms,  and 
foresee  the  paths  along  which  infection  may  spread  from  the  tympanic 
recess  in  different  directions,  and  above  all,  undertake  those  extensive 
operative  procedures  which  are  necessary  in  many  cases  for  effecting  a 
permanent  cure  of  the  otitis,  or  in  dealing  with  the  complications  which 
are  so  prone  to  arise. 

The  continuity  of  the  lining  membrane  of  the  tympanum  with  tha 
of  the  naso-pharynx  in  front,  through  the  Eustachian  tube,  and  with  th 
mastoid  antrum  and  cells  behind,  offers  a  ready  explanation  of  the  sprea^ 
of  infection  of  various  forms  from  the  naso-pharynx  to  these  part 
Thus,  otitis  media  is  liable  to  complicate  diphtheritic  or  scarlatinal 
inflammation  of  the  throat,  or  it  may  follow  tonsillitis  or  inflammation 
of  the  nose  (rhinitis),  and  it  is  by  no  means  uncommon  in  children  who 
suffer  from  post-nasal  adenoids  and  naso-pharyngeal  catarrh.  In 
children,  too,  the  Eustachian  tube,  owing  to  its  comparatively  wider 
lumen  and  its  more  horizontal  direction,  favours  the  spread  of  inflamma- 
tion to  the  middle  ear. 

The  course  of  inflammation,  when  once  established  within  the 
tympanum,  varies  a  good  deal  in  different  cases;  in  some  it  quickly 
clears  up  and  leaves  no  bad  trace  behind,  in  others  it  produces 
pathological  changes  in  the  lining  membrane  which  are  mainly  of  a 
cicatricial  nature  (otitis  siccd).  The  mucous  membrane  becomes  thick  and 
fibrous,  the  ossicles  are  limited  in  their  vibratory  movements,  and  the 
central  portion  of  the  membrana  tympani  sinks  inwards,  and  may  even 
adhere  to  the  promontory ;  the  stapes  is  drawn  inwards  and  fixed  more 
firmly  within  the  fenestra  ovalis,  and  in  consequence  of  these  changes 
hearing  is  more  or  less  interfered  with.  Of  much  more  serious  import, 
however,  are  those  cases  in  which  the  inflammation  is  of  a  suppurative 
character  (purulent  otitis  media),  as,  in  addition  to  the  tympanum,  other 
parts  are  prone  to  suffer,  and  very  grave  consequences  may  supervene, 
especially  if  the  pyogenic  extension  take  an  intracranial  course. 

A    tympanic  abscess  is   accompanied   by   intense   suffering,  in    con- 
sequence of  the  highly  sensitive  nature  of  the  lining  membrane  of  the 
cavity  and  the  great  tension  under  which  the  pus  is  retained.    As  already 
mentioned,  an  early  evacuation  is  most  desirable,  but  it  by  no  mean 
unfrequently  happens  that  the  membrane  ruptures  spontaneously,  eithe 
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as  a  result  of  ulceration  of  its  layers  or  from  excessive  stretching. 
Although  recovery  may  follow  from  gradual  subsidence  of  the  inflamma- 
tion and  cessation  of  the  discharge,  yet  it  is  very  common  for  cases  of 
acute  otitis  media  to  assume  a  chronic  character  and  for  the  discharge 
to  persist.  This  is  to  be  attributed,  no  doubt,  in  the  majority  of  cases, 
to  defective  drainage,  which  in  turn  depends  upon  the  level  of  the 
tympanic  floor  being  below  that  of  the  external  auditory  meatus.  Also, 
when  pus  finds  its  way  into  the  antrum  it  tends  to  stagnate  in  the 
lower  part  of  this  chamber,  and  to  gravitate  into  the  pneumatic  cells 
which  lead  away  from  it  in  different  directions,  so  that  although  the 
surplus  flows  away  through  the  communicating  aperture  which  connects 
the  antrum  with  the  tympanum,  a  considerable  residue  is  left  behind. 
Swelling  of  the  mucous  membrane  of  the  Eustachian  tube  also  readily 
blocks  the  passage,  and  prevents  fluids  escaping  in  this  direction. 
Another  cause  of  protracted  discharge  is  the  collection  of  inspissated 
pus,  epithelial  debris,  etc.  (cholesteatomd)  in  masses  within  the 
tympanum,  especially  in  the  attic  between  the  ossicles  and  folds  of 
mucous  membrane  which  are  found  here,  and  the  retention  of  which  is 
so  very  apt  to  cause  caries  of  the  ossicles  and  of  the  bony  walls  of  the 
cavity.  It  is  mainly  in  cases  of  this  sort  that  extension  of  the  inflamma- 

Iry  process  beyond  the  limits  of  the  tympanum  is  likely  to  occur. 

Inflammation  may  extend  from  the  tympanic  cavity — (i)  To  the 
Roof  of  the  Tympanum,  which  becomes  carious  and  gradually  absorbed. 
Its  perforation  leads  to  involvement  of  the  outer  aspect  of  the  dura 
mater,  followed   perhaps   by   a   subdural  abscess  (external  suppurative 
pachymeningitis).     The  dura,  arachnoid,  and  pia  mater  at  this  level  fuse 
with  each  other,  so  that  when  the  dura  is  ulcerated  through,  a  diffuse 
meningeal  infection  does  not  ensue,  but  the  process  tends  rather  to  spread 
into  the  brain  along  the  perivascular  lymphatic  sheaths  of  the  pial  vessels, 
setting  up  an  abscess  in  the  temporal  lobe,  either  close  to  or  at  some  little 
istance  above  the  tympanic  roof.     The  abscess  is  sometimes  contained 
ithin  a  fissure  on  the  deep  aspect  of  the  temporal  lobe,  the  lips  of 
hich  are  sealed  by  inflammatory  exudation  (fig.  19).    When  the  tegmen 
mpani  contains  one  or  more  membranous  gaps,  the  course  of  events 
st  described  is  greatly  facilitated. 

(2)  To  the  Dura  Mater  of  the  middle  cranial  fossa,  and  to  the  superior 
'trosal  sinus  along  the  connective  tissue  and  veins  which  traverse  the 
tro-squamous  suture  at  the  outer  limit  of  the  tegmen  tympani  (fig.  23), 
pass  through  small  canals  in  the  bone  when  this  suture  has  been  for 

e  most  part  obliterated. 

(3)  To  the  bulb  of  the  Internal  Jugular  Vein,  by  small  venous  radicles 
hich  traverse  the  tympanic  floor. 

(4)  To  the  Aqueduct  of  Fallopius,  possibly  through  a  membranous 
feet  in  its  wall  in  its  tympanic  stage,  or  as  the  result  of  caries  which 
rforates  its  thin  bony  covering,  followed  by  a  perineuritis  and  severe 
impression  of  the  facial  nerve  and  paralysis  of  the  muscles  which  it 

supplies.  It  is  probable  that  infection  may  reach  the  Fallopian  canal 
also  by  travelling  along  the  stylo-mastoid  artery.  From  within  the 
ueduct  pyogenic  organisms  may  make  their  way  intracranially 
ong  the  internal  auditory  meatus  and  set  up  a  diffuse  leptomeningitis 
in  the  cerebellar  fossa. 
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(5)  To  the  Labyrinth,  by  way  of  the  fenestra  ovalis  which  opens  into 
the  vestibule,  or  through  the  secondary  membrane  of  the  tympanum 
which  closes  the  fenestra  rotunda  or  aperture  which  leads  into  the  scala 
tympani  of  the  cochlea.    Having  gained  the  internal  ear  there  is  nothing 
to  prevent  the  process  passing  inwards  along  the  auditory  nerve  to  the 
cerebellar   fossa.      The   internal   ear   itself  becomes   disorganised,  and 
consequently  there  will  be  permanent  and  complete   deafness   on   the 
same   side.      The   labyrinth    may  also   be   implicated   by  caries  of  its 
outer  or  tympanic  wall,  whereby  the  bone  is  gradually  absorbed  and 
perforated. 

(6)  To  the  Ossicles. — Caries  of  these  minute  bones  is  not  uncommon, 
and  necrosis  may  also  occur.     It  is  to  one  or  both  of  these  that  the 
protracted  course  of  otitis  media  is  very  commonly  due,  but  the  folds 
and  pouches  of  mucous  membrane  which  are  in  connection  with  the 
ossicles  must  also  be  considered,  as  they  prevent  the  discharges  escaping 
from  the  attic  externally  through  the  ruptured  membrane. 

(7)  To  the  Mastoid  Antrum  and  Cells. — A  collection  of  pus  in  the 
middle  ear  finds  no  difficulty  in  making  its  way  into  the  mastoid  antrum, 
owing  to  the  free  communication  which  exists  between  the  two  cavities 
(fig.  1 8).     However,  as  the  floor  of  the  antrum  is  lower  than  that  of  the 
connecting  passage, and  as  numerous  mucous  lined  recesses  lead  away  from 
it  into  the  surrounding  regions  of  the  mastoid,  an  extensive  inflammation 
of  this  part  is  very  prone  to  develop  (mastoiditis).     In  addition  to  the 
empyema  of  the  antrum  and  its  offshoots,  the   diploic   or   cancellous 
tissue  of  the  bone  becomes  the  seat  of  an  osteo-myelitis.     Mastoid  in- 
flammation is  followed  by  different  results  in  different  cases ;  the  bone 
may   become   abnormally  hard  and  compact  from  osteo-sclerosis  (con- 
densing osteitis},  but  more  commonly  it  undergoes  carious  disintegration, 
becoming  softened  and  infiltrated  by  the  inflammatory  products. 

Extension  of  the  septic  process  beyond  the  limits  of  the  mastoid 
may  take  place  in  different  directions,  a  circumstance  which  lends  great 
interest  to  the  anatomical  relationships  of  this  region,  an  account  of 
which  is  here  appended. 

The  Mastoid  Antrum  and  Cells. — The  mastoid  antrum  is  an  irregularly  shaped  cavity 
or  air  chamber  lined  by  a  thin  mucous  membrane,  which  is  situated  within  the  mastoid 
portion  of  the  temporal  bone,  and  communicates  in  front  through  a  wide  aperture  with  the 
posterior  and  upper  part  of  the  tympanic  cavity.  It  forms  the  central  point  from  which  the 
surrounding  pneumatic  cells  radiate  in  different  directions  (fig.  23).  Its  size  and  shape  are  both 
very  variable  ;  at  times  it  is  quite  small  and  insignificant,  but  not  infrequently  it  attains  wide 
dimensions,  and  may  occupy  a  large  part  of  the  interior  of  the  mastoid.  On  an  average  it 
measures  10-15  mm-  longitudinally,  10  mm.  vertically,  4  to  6  mm.  transversely  (Quain),  and  its 
long  axis  closely  corresponds  to  that  of  the  Eustachian  tube  and  tympanic  cavity.  In  shape  it  is 
somewhat  prismatic  ;  its  base,  which  is  directed  upwards,  is  related  to  the  floor  of  the  middle 
cranial  fossa,  and  is  formed  by  the  backward  extension  of  the  tegmen  tympani  (fig.  23).  Its  outer 
wall — and  this  can  be  seen  most  distinctly  in  the  temporal  bone  of  the  child — is  formed  by  the 
downward  extension  of  the  squamous  bone  behind  the  upper  and  posterior  part  of  the  external 
auditory  meatus  (post-auditory  process)  (fig.  21).  Its  inner  wall  is  formed  by  the  petrous  bone, 
especially  that  part  which  surrounds  the  external  semicircular  canal,  and  which  has  already 
been  noted  in  its  close  relationship  with  the  aqueduct  of  Fallopius,  which  contains  the  facial 
nerve.  In  addition  to  air  cells,  the  mastoid  very  commonly  contains  a  variable  amount  of 
diploic  tissue,  and  it  sometimes  acquires  an  unusual  degree  of  density,  being  largely  composed 
of  heavy  compact  bone.  Accordingly,  in  proportion  as  one  or  other  of  these  structural  states  pre- 
ponderates, one  may  meet  with  pneumatic,  diploic,  or  sclerosed  mastoids.  Out  of  250  temporal 
bones  examined  by  Zuckerkandl,  the  mastoid  was  distinctly  pneumatic  in  36*8  per  cent.,  partly 
pneumatic  and  partly  diploic  in  43  '2  per  cent. ,  partly  diploic  and  partly  sclerosed  in  20  per  cent. 
The  greater  number  of  the  air  cells  are  connected  with  the  floor  and  outer  wall  of  the  antrum, 
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but  they  also  extend  inwards  into  the  petrous  and  forwards  into  the  squamous  segment,  and 
for  this  reason  they  are  sometimes  classified  as  mastoid,  petrous,  and  squamous  pneumatic  cells 
(fig.  23).  The  petrous  group  may  occupy  the  greater  part  of  the  posterior  or  basal  extremity 
of  this  bony  pyramid,  surrounding  the  semicircular  canals,  and  extending  inwards  between  these 
and  the  bend  of  the  lateral  sinus  towards  the  posterior  cranial  fossa.  They  also  come  into  close 
relationship  in  front  with  the  wall  of  the  Fallopian  canal.  The  squamous  group  occupy  the 
interval  which  is  situated  between  the  outer  wall  of  the  antrum  and  that  part  of  the  surface  of  the 
mastoid  which  lies  immediately  behind  the  suprameatal  spine  (retromeatal  triangle).  The 
squamous  cells,  together  with  the  outer  part  of  the  antral  cavity,  are  related  in  front  to  the 
posterior  wall  of  the  external  auditory  meatus,  and  they  occasionally  extend  forwards  over  the 
upper  wall  of  this  passage,  and  even  into  the  lower  part  of  the  posterior  root  of  the  zygoma. 
Furthermore,  the  pneumatic  cells  by  no  means  always  remain  confined  to  the  temporal  bone,  but 
frequently  exceed  the  suture  lines  and  extend  into  the  parietal  above  and  into  the  occipital 
bone  behind  and  below,  in  the  region  of  the  jugular  process. 

The  Mastoid  Bone  varies  a  good  deal  in  size  and  shape  in  the  adult ;  thus  its  outer  aspect  may 
be  comparatively  flat,  or,  on  the  other  hand,  it  may  stand  out  prominently.  Its  process,  too,  is 
sometimes  quite  short  and  insignificant,  but  it  may  also  be  long  and  tapering.  Although  it  is 
probable  that  an  expanded  and  prominent  mastoid  is  to  a  large  extent  occupied  by  pneumatic  cells, 
yet  it  is  not  by  any  means  certain  ;  it  may  be  made  up  to  a  large  extent  of  diploic  tissue,  and 
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rlG.  21.  —  The  temporal  bone  of  the  infant,  showing  the  projection  of  the  mastoid  antrum  on  its 
exterior.  The  bone  also  shows  the  line  of  junction  between  the  squamosal  and  petro- 
mastoid  segments  (masto-squamous  suture).  Note  also  the  proximity  of  the  inner  wall  of 
the  tympanum  to  the  surface  and  the  incomplete  tympanic  ring.  The  position  of  the 
stylo-mastoid  foramen,  almost  flush  with  Ihe  exterior,  is  noteworthy. 

ar  this  reason  no  reliable  conclusion  as  to  its  internal  structure  can  be  arrived  at  by  an  inspec- 
ion  of  the  exterior  of  the  bone.  This  aspect  is  usually  rough  and  uneven  ;  the  area,  however, 
vhich  lies  immediately  behind  the  suprameatal  spine,  and  which  is  developed  from  the  original 
ost-auditory  process  of  the  squamous  bone,  is  not  uncommonly  flattened,  or  even  depressed  (fossa 
'tastoidea);  it  is  distinctly  smoother,  and  its  periosteum  is  less  adherent  than  that  of  the  surface  of 
le  mastoid  proper,  which  lies  immediately  adjacent.  The  outer  cortical  layer  of  the  mastoid 
aries  in  thickness  from  I  to  3  mm.  ;  it  is  thickest  in  the  vicinity  of  the  temporal  ridge,  but  in 
lose  of  advanced  age  its  thickness  may  be  reduced  to  an  extreme  degree. 

The  inner  aspect  of  the  mastoid  bone  is  grooved  for  the  lateral  sinus.    In  some  cases  the  groove 

quite  shallow,  but  in  others  it  excavates  the  bone  deeply,  reaching  outwards  to  within  2  or  3  mm. 

f  its  external  surface,  and  forwards  into  the  petrous  bone,  and  may  approach  within  2  mm.  of 

ie  posterior  wall  of  the  external  auditory  meatus,  and  overlap  the  antrum  on  its  outer  side.     In 

ich  a  case  it  would  be  impossible  to  reach  the  latter  through  the  mastoid  region,  so  that  it  may 

ave  to  be  approached  through  the  posterior  wall  of  the  meatus.     According  to  the  investigations 

af  Lake,  it  would  appear  that  the  descending  limb  of  the  sinus  lies  behind  the  vertical  axis  of  the 

lastoid  in  86  per  cent,  of  cases,  and  in  front  of  it  in  14  per  cent.     It  has  been  asserted  by  Bezold 

lat  a  marked  advance  of  the  sinus  in  a  forward  and  outward  direction  is  liable  to  be  met  with  in 

brachycephalic  skulls,  and  upon  the  right  side  rather  than  upon  the  left,  and  that  in  these  also  the 

outer  part  of  the  floor  of  the  middle  cranial  fossa  may  extend  beneath  the  level  of  the  temporal 

-idge,  which  forms  a  valuable  landmark  in  operations  upon  the  mastoid  region.    A  similar  arrange- 

ent of  the  sinus  has  been  noticed  by  Politzer  in  those  cases  in  which  the  mastoid  consists 
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largely  of  compact  tissue  or  in  those  which  contain  a  large  amount  of  diploic  tissue.  Within  the 
sigmoid  groove  numerous  apertures  are  seen,  which  in  the  recent  state  transmit  venous  tributaries 
from  the  bone  to  the  sinus.  The  compact  layer  which  separates  the  innermost  mastoid  cells  from 
the  sinus  wall  is  very  thin,  and  is  not  uncommonly  deficient  at  certain  points  opposite  which  the 
mucous  lining  of  the  mastoid  cells  is  separated  from  the  sinus  merely  by  a  thin  membranous 
interval.  The  sigmoid  groove  is  connected  with  the  exterior  by  a  canal,  through  which  passes  the 
mastoid  emissary  vein. 

At  its  lower  and  inner  aspect  the  mastoid  is  limited  by  a  deep  groove — the  digastric  fossa — 
and  to  the  inner  side  of  this  by  a  much  narrower  groove  for  the  occipital  artery,  with  its  two 
vcnse  comites  (fig.  4).  This  lower  mastoid  area  is  limited  in  front  by  the  styloid  process,  the 
stylo-mastoid  foramen,  and  the  vaginal  crest  of  the  petrous  bone. 

Development  of  the  Mastoid. — The  mastoid  process  is  altogether  absent  at  birth  ;  the  petro- 
mastoid  segment  of  the  temporal  bone,  however,  has  not  yet  fused  with  the  squamo-zygomatic. 
The  petro-squamou;  suture  superiorly  and  the  masto-squanious  suture  externally  separate  them 
from  each  other  ;  these  sutures  are  occupied  by  connective  tissue  and  are  traversed  by  numerous 
small  blood-vessels.  The  portion  of  the  squamous  bone  which  lies  in  front  of  the  masto-squamous 
suture  forms  the  downward  projecting  post-auditory  process,  bounding  the  external  meatus  above 
and  behind  and  forming  the  outer  wall  of  the  antrum  (figs.  21  and  22).  At  birth,  this  cavity  has 
almost  reached  its  full  size  ;  it  communicates  with  the  tympanic  cavity  by  a  wide  aperture,  and  its 
floor  is  approximately  on  the  same  level  as  the  upper  wall  of  the  meatus.  The  development  of 
the  mastoid,  which  begins  to  be  perceptible  in  the  second -year,  takes  place  at  first  in  an  outward 
and  backward  direction,  and  subsequently  also  downwards.  As  the  mastoid  and  the  post-auditory 
process  of  the  squamous  bone,  together  with  the  tympanic  ring,  grow  outwards,  the  external 
meatus  becomes  longer,  and  the  distance  between  the  outer  wall  of  the  antrum  and  the  retro- 
meatal  triangle  correspondingly  increased.  In  the  child  the  groove  for  the  lateral  (sigmoid) 
sinus  on  the  inner  aspect  of  the  mastoid  is  very  shallow,  and  is  separated  from  the  antrum  by  a 
layer  of  compact  bone  3  or  4  mm.  in  thickness.  The  stylo-mastoid  foramen  in  the  child  is  quite 
superficial  (fig.  22),  viz.,  close  to  the  outer  aspect  of  the  skull,  a  fact  which  should  be  remembered 
in  view  of  the  operative  measures  which  may  be  required  in  this  locality. 

Directions    in  which   Mastoid   Inflammation    may    extend — (i) 

Extension  upwards. — This  may  succeed  carious  absorption  of  the  thin  plate 
of  bone  (tegmen  antri}  which  separates  the  cavity  of  the  antrum  from  the 
dura  mater  of  the  middle  cranial  fossa,  or  it  may  be  brought  about  by 
a  spreading  thrombosis  in  the  veins  which  pass  upwards  through 
foramina  in  the  bone,  or  through  the  unobliterated  remains  of  the 
petro-squamous  suture,  and  lead  to  infective  thrombosis  of  the  superior 
petrosal  sinus.  (2)  Extension  downwards, — When  this  occurs,  a  sinus  will 
usually  be  found  at  the  lower  part  of  the  mastoid  in  the  digastric  fossa. 
Invasion  of  the  cellular  tissue  of  this  region  is  followed  by  a  deep  inflam- 
matory swelling  at  the  upper  part  of  the  neck,  beneath  the  sterno-mastoid 
muscle,  or  it  may  travel  along  the  loose  connective  tissue  which  surrounds 
the  muscles  arising  from  the  styloid  process  and  reach  the  retro- 
pharyngeal  region.  (3)  Extension  forwards. — This  has  been  alluded  to 
in  connection  with  the  applied  anatomy  of  the  external  auditory  meatus, 
and  is  readily  accounted  for,  seeing  that  this  passage  is  separated  behind 
merely  by  a  thin  layer  of  compact  tissue  from  the  outer  and  anterior 
part  of  the  antrum,  and  from  the  mastoid  cells  which  lie  on  its  outer 
side.  (4)  Extension  outwards. — This  is  usually  revealed  by  a  red, 
oedematous  swelling  behind  the  pinna,  which  sometimes  causes  the 
latter  to  stand  out  prominently  from  the  side  of  the  head.  This 
direction  is  very  frequently  taken  by  mastoid  suppuration  in  children,  in 
whom  the  antrum  is  quite  superficial,  being  separated  from  the  surface 
only  by  the  thin  post-auditory  process  of  the  squamous  bone,  and  also 
by  reason  of  the  fact  that  the  masto-squamous  suture  is  still  partially 
open  and  occupied  by  a  layer  of  connective  tissue,  together  with  some 
veins  passing  to  the  exterior.  The  abscess  is  situated  subperiosteally, 
and  when  its  coverings  are  incised  the  denuded  bone  will  be  felt  by 
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the  point  of  a  probe,  and  it  may  be  possible  to  detect  a  sinus  leading 
to  the  antrum.  (5)  Extension  inwards. — Infection  travelling  in  this 
direction  is  usually  attended  by  grave  if  not  fatal  consequences.  The 
lateral  sinus,  which  has  been  described  in  its  relation  to  the  mastoid, 
may  become  infected  either  by  a  process  of  thrombo-phlebitis  reaching 
it  along  certain  of  the  venous  radicles  which  issue  from  the  interior  of 
the  bone,  or  the  sinus  may  be  infected  directly  from  the  latter  when 
the  carious  process  attacks  the  wall  of  the  sigmoid  groove.  The  outer 
aspect  of  the  dura  mater,  where  it  lies  in  contact  with  the  mastoid 
bone,  is  liable  to  become  inflamed  (J)  achy  meningitis),  and  eventually 
separated  from  the  bone  by  an  extradural  abscess.  Furthermore, 
thrombosis  of  the  lateral  sinus  is  very  often  associated  with  lepto- 
meningitis  within  the  cerebellar  fossa,  which  may  rapidly  diffuse  itself 
over  the  base  of  the  brain  (purulent  basal  meningitis}.  An  abscess  of 
the  cerebellum  may  further  complicate  matters,  the  infection  having 
travelled  inwards,  probably  along  the  cerebellar  veins  from  the  sinus, 
as  a  spreading  phlebitis  and  periphlebitis.  An  interval  of  less  than 
half  an  inch  usually  exists  between  the  genu  of  the  lateral  sinus  and 
the  posterior  semicircular  canal  (fig.  23),  and  is  occupied  by  an  extension 
of  the  mastoid  cells  as  described  above.  Should  inflammatory  changes 
spread  intracranially  in  this  direction,  they  will  lead  to  a  pachy- 
meningitis,  and  perhaps  an  extradural  abscess  in  contact  with  the 
posterior  aspect  of  the  petrous  bone.  In  addition  to  this,  the  labyrinth 
ay  be  invaded  and  its  destruction  effected. 

OPERATIONS. — Antrotomy. — It  is  sometimes  desirable  to  open 
into  the  antrum  and  to  rid  the  bone  of  its  infective  contents  in  cases 
of  persisting  discharge  from  the  ear  depending  upon  chronic  mastoid 

iuppuration,  and  with  a  view  also  to  prevent  intracranial  complications 
ch  as  those  which  have  been  already  enumerated.     As  this  operation 
one  which   must   frequently  be   conducted   under  the  guidance   of 
curate  anatomical  knowledge,  it  is  absolutely  indispensable  that  the 

perator  should  be  thoroughly  intimate  with  the  entire  region  in  which 
e  necessary  manipulations  are  carried  out. 
In  order  to  expose  the  operative  area  of  the  mastoid — i.e.  the  supra- 

eatal  triangle — it  is  necessary  to  turn  forwards  the  pinna  by  which  this 
rtion  of  the  bone  is  covered  for  a  distance  of  at  least  half  an  inch  behind 

he  suprameatal  spine.  The  incision  is  made  parallel  to  and  about  a 
quarter  inch  behind  the  skin  reflexion  at  the  back  of  the  ear  (  Wilde  s 
incision),  commencing  at  a  point  situated  vertically  above  the  anterior  limit 

f  the  external  meatus  and  terminating  behind  at  the  tip  of  the  mastoid. 

he  main  stem  of  the  posterior  auricular  artery,  which  lies  deeply  in  the 

roove  between  the  mastoid  and    the  ear  cartilage,  is   thus   avoided. 

"he  periosteum  is  reflected  up  to  the  edge  of  the  meatus,  the  upper 
and  posterior  attachments  of  the  meatal  cartilage  are  divided,  and 
the  pinna  is  drawn  well  forwards.  The  two  following  landmarks  are  now 
recognised,  viz.,  the  suprameatal  spine  in  front  and  the  temporal  ridge  or 
supramastoid  crest  above  (fig.  22).  The  outer  surface  of  the  bone  may  be 
carious  and  a  discharging  sinus  possibly  be  found,  leading  from  without 
inwards  into  the  antrum.  More  commonly,  however,  a  pathological 
guide  of  this  nature  is  wanting,  and  the  operator  must  consequently 
rely  on  his  anatomical  knowledge.  If  a  point  be  taken  behind  the 
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suprameatal  spine  and  2  or  3  mm.  below  the  supramastoid  crest, 
and  an  imaginary  line  be  prolonged  from  this  inwards  and  forwards 
parallel  to  the  upper  half  of  the  posterior  wall  of  the  meatus,  and  at  the 
same  time  inclined  very  slightly  upwards,  it  will  reach  the  antrum  when 
it  has  traversed  a  distance  varying  on  an  average  from  half  to  five-eighths 
of  an  inch  in  the  adult,  and  it  is  in  this  direction  that  the  opening  into  the 
mastoid  must  be  made.  The  perforation  should  not  be  extended  too  far 
upwards,  for  fear  of  opening  into  the  middle  cranial  fossa.  As  a  rule,  the 
lower  level  of  the  latter  is  indicated  externally  by  the  supramastoid  crest, 
but  sometimes  it  descends  below  this  to  a  slight  extent.  For  this  reason 


Supramastoid  Crest. 

Site  from  which  to   approach  the 
Mastoid  Antrum. 

Lateral  Sinus. 


-     Vestige  of  the  Masto- 
squamous  Suture. 


Suprameatal  Spine. 


FIG.  22. — The  temporal  bone  of  the  adult  viewed  from  its  exterior,  with  the  descending  stage  of 
the  lateral  (sigmoid)  sinus  projected  on  the  surface.  The  area  in  red,  viz.,  the  suprameatal 
triangle,  indicates  the  level  at  which  the  bone  is  penetrated  for  the  purpose  of  reaching  the 
antrum.  Note  the  unobliterated  remains  of  the  masto-squamous  suture  and  the  post- 
auditory  process  of  the  squamous  segment  of  the  bone  in  front  of  this. 

it  is  advisable  to  keep  the  opening  at  least  3  mm.  below  the  crest,  and 
only  to  direct  it  slightly  upwards  as  the  antrum  is  approached.  If  th< 
perforation  be  extended  too  much  in  a  downward  direction,  the  facia 
nerve  will  run  considerable  risks  of  being  wounded  opposite  the  inner 
extremity  of  the  bony  meatus,  near  where  it  enters  upon  its  descending 
stage.  Again,  should  the  opening  be  directed  backwards  behind  ai 
imaginary  vertical  line  a  quarter  inch  behind  the  posterior  wall  of  the 
meatus,  the  lateral  sinus  may  be  wounded  (Birmingham).  Although  it 
would  appear  that  the  convexity  of  the  sinus  does  not,  as  a  rule,  advance 
so  far  forwards,  yet  that  it  may  do  so,  even  in  a  small  percentage  of  cases 
should  deter  an  operator  from  penetrating  the  bone  behind  this  vertical 
limit.  On  no  account  should  the  bone  be  perforated  for  a  greater  depth 
than  three-quarters  of  an  inch,  otherwise  the  Fallopian  aqueduct  contain- 
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ing  the  facial  nerve  where  it  forms  the  inner  boundary  of  the  aditus,  and 
the  thin  bony  covering  of  the  external  semicircular  canal  which  lies  immedi- 
ately above  and  behind  this,  may  be  damaged  (fig.  23).  When  the  operation 
is  completed  the  passage  which  has  been  made  through  the  bone  should 
present  a  funnel-shaped  appearance,  wider  externally  than  internally,  and 
should  slope  from  the  antrum  backwards,  outwards,  and  slightly  down- 
wards. Should  unusual  difficulty  be  encountered  in  reaching  the  antrum 
in  the  manner  just  described,  as  for  example  when  the  lateral  sinus 
advances  very  far  forwards,  an  alternative  route  is  available  through 
the  upper  part  of  the  posterior  meatal  wall  near  its  middle ;  this  has 
already  been  mentioned  on  a  previous  occasion. 

The  combined  Mastoid  and  Tympanic  Operation. — This  opera- 
tion is  of  a  much  more  extensive  character  than  the  last ;  its  object 
is  not  only  to  open  up  the  diseased  mastoid  area,  but  in  addition  to 
remove  the  greater  part  of  the  posterior  wall  of  the  auditory  meatus,  the 
remains  of  the  membrana  tyrnpani  and  the  ossicles,  together  with  masses 
of  granulation  tissue  which  have  formed  within  the  tympanum  so  as  to 
throw  the  mastoid  antrum,  external  auditory  meatus — with  the  exception 
of  the  lower  and  inner  part  of  its  posterior  wall — and  the  tympanum  into 
a  single  large  cavity.  In  many  cases  of  chronic  suppurative  otitis  media 
this  procedure  is  the  only  one  from  which  a  satisfactory  result  can  be 
expected.  A  thorough  evacuation  of  the  tympanic  contents  is  impera- 
tive, as  the  ossicles  are  almost  certainly  diseased  (carious  or  necrotic},  and 
.are  surrounded  by  masses  of  granulation  tissue,  which  also  extend 
upwards  into  the  attic  or  epitympanic  recess,  the  walls  of  which  are 
probably  in  a  state  of  caries.  Those  who  suffer  from  such  a  condition 
stand  in  great  peril,  and  for  this  reason  operative  measures  should  not 
be  postponed  too  long. 

As  the  main  anatomical  facts  which  bear  upon  the  surgery  of  this 
region  have  already  been  fully  dealt  with,  they  need  not  now  be  re- 
capitulated. The  steps  of  the  combined  operation  are  briefly  as  follows. 
An  incision  is  made  behind  the  ear  and  the  pinna  turned  forwards, 
hinging  upon  its  anterior  attachments  as  in  the  previous  operation.  By 
the  aid  of  chisels  and  sharply  cutting  gouges  the  outer  cortical  layer  of 
the  mastoid  is  removed,  beginning  half  an  inch  behind  the  meatus,  and 
extending  forwards  into  its  interior.  Successive  layers  of  bone  are 
removed,  the  excavation  meanwhile  being  narrowed  somewhat,  and  the 
antrum  is  opened,  the  same  precautions  being  taken  as  before.  The  outer 
wall  of  the  aditus  is  removed,  but  its  inner  wall  and  floor  are  carefully 
preserved  intact,  so  as  to  avoid  injury  of  the  facial  nerve  and  of  the 
external  semicircular  canal.  All  carious  bone  in  the  mastoid  region  is 
gouged  away  and  the  remains  of  the  membrana  tympani  dissected  out. 
The  ossicles  are  next  removed,  and  the  outer  wall  of  the  epitympanic 
recess,  which  is  suspended  as  an  overhanging  ridge  between  this  and  the 
external  meatus,  is  gouged  away.  Finally,  the  walls  of  the  cavity  are 
made  perfectly  smooth,  and  are  covered  with  skin  grafts  either  immediately 
or  about  ten  days  later,  after  the  method  of  Thiersch.  The  cartilage  of 
the  meatus  is  divided  posteriorly  from  within  outwards,  the  flaps  are 
drawn  widely  apart  towards  the  upper  and  lower  extremities  of  the 
wound,  and  fixed  there  by  sutures.  Should  all  infective  foci  have  been 
successfully  removed,  rapid  healing  is  soon  accomplished  over  the  entire 
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area.      In  the  hands  of  Ballance  and  others  this  procedure  has  been 
attended  with  a  very  large  measure  of  success. 

Abscess  in  the  Temporal  Lobe  of  the  Brain. — An  otitic  abscess 


Cochlea. 
Int.  Aud.  Meatus. 

Vestibule. 
Sup.  Semicirc.  Canal. 

Ext.  Semicirc.  Canal. 
Post.  Semicirc.  Canal. 

Outline  of  Mass  of 
Compact  Bone  in 
which  the  Semicirc. 
Canals  are  lodged. 


Eustachian  Tube. 

Area  in  relation  to  the  Con> 
dyle  of  the  Lower  Jaw. 

Tympanic  Ossicles 
(Malleus  and  Incus). 

Ext.  Aud.  Meatus. 

Arrow  directed  towards 
the  retro-meatal 
(squamous)  cells. 
-    Remains  of  the  Petro- 
squamous  Suture. 

.     Arrow  directed  towards 
the  Mastoid  Cells. 

-  Arrow  directed  towards 
the  Petrous  Cells. 


FIG.  23. — The  middle  and  posterior  cranial  fossae  in  the  macerated  skull — actual  size.  In  the 
middle  fossa  the  outlines  of  the  bony  labyrinth,  tympanum,  mastoid  antrum,  Eustachian  tube, 
and  the  two  auditory  meatuses  are  projected  on  the  surface.  This  view  is  instructive  from  the 
standpoint  of  the  operative  surgery  of  the  middle  ear.  Were  the  course  of  the  facial  nerve 
indicated  here,  it  would  be  seen  extending  along  the  internal  auditory  meatus,  then  passing 
forwards  slightly  between  the  cochlea  and  the  vestibule  before  disappearing  from  view  by 
turning  downwards  in  front  and  to  the  outer  side  of  the  external  semicircular  canal.  The 
parts  outlined  in  blue  have  been  drawn  from  a  skiagram  of  the  skull  here  represented. 
The  author  is  much  indebted  to  Dr  E.  J.  Watson  for  his  valuable  assistance  in  enabling  him 
to  determine  many  points  in  the  topographical  relationships  of  the  temporal  bone  by  means 
of  a  series  of  X-ray  photographs. 
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in  the  temporal  lobe  is  usually  to  be  found  in  the  vicinity  of  the 
tegmen  tympani,  and  it  has  been  shown  by  Macewen  and  others  that  in 
the  greater  number  of  cases  the  infection  has  spread  by  direct  continuity 
into  the  brain  substance  through  a  carious  opening  or  membranous  gap 
in  the  tympanic  roof.  This  fact  also  explains  how  an  abscess  in  the 
temporal  lobe  may  discharge  its  contents  into  the  tympanic  cavity  and 
external  auditory  meatus.  It  is  always  advisable,  therefore,  when  an 
attempt  is  made  to  reach  the  abscess,  that  the  opening  in  the  skull 
should  be  in  a  position  which  will  afford  access  not  only  to  the  infected 
focus  in  the  temporal  lobe  but  also  to  the  tegmen.  This  object  may  be 
attained  by  turning  down  a  semicircular  flap  above  the  ear  and  by 
inserting  the  pin  of  a  three-quarter  inch  trephine  one  inch  directly  above 
the  level  of  the  upper  border  of  the  meatus.  When  the  dura  mater  is 
exposed,  it  is  divided  by  a  limited  straight  incision  and  an  exploring 
needle  is  inserted  into  the  brain  (fig.  19).  If  pus  is  discovered,  the  brain  is 
incised  and  the  abscess  contents  evacuated.  Should  it  happen  that  no 
abscess  is  found,  the  bone  may  be  snipped  away  down  to  the  floor  of  the 
middle  cranial  fossa  and  inwards  as  far  as  the  tegmen.  The  condition  of 
the  dura  mater  here  can  then  be  examined,  and  if  a  sinus  leads  through 
it,  it  may  be  the  means  of  discovering  the  abscess. 

If  the  search  has  so  far  yielded  negative  results,  it  would  certainly 
be  advisable  to  examine  the  condition  of  the  lateral  sinus,  and  even  to 
explore  the  cerebellum.  To  carry  out  this  procedure  it  is  merely 
necessary  to  extend  the  opening  in  the  bone  backwards  and  downwards, 
bringing  the  sinus  into  view,  and  beyond  this  the  dura  mater  of  the 
cerebellar  fossa.  An  existing  thrombosis  in  the  lateral  sinus  may  supply  the 
real  key  to  the  situation,  but  with  it  there  may  also  be  a  leptomeningitis 
in  the  cerebellar  fossa  and  an  abscess  in  the  cerebellum,  a  common  site 
being  its  anterior  and  outer  part.  The  best  site  for  the  exploration  of 
the  cerebellum  is  below  the  horizontal  and  behind  the  vertical  or  de- 
scending stage  of  the  lateral  sinus,  or  at  the  centre  of  a  line  connecting 
the  tip  of  the  mastoid  process  with  the  external  occipital  protuberance. 

With  thrombosis  of  the  lateral  sinus  there  may  be  an  extensive  area 
of  pachy  meningitis,  and  perhaps  "an  extradural  abscess  in  the  cerebellar 
fossa,  extending  from  behind  the  groove  for  the  sinus  forwards  to  the 
posterior  surface  of  the  petrous  bone.  This  will  require  the  removal  of 
the  greater  part  of  the  mastoid  bone,  care  being  taken  not  to  encroach 
upon  the  posterior  semicircular  canal  in  front,  unless  the  labyrinth  be 
infected  at  the  same  time. 

As  there  is  usually  very  great  difficulty,  if  not  impossibility,  in 
ascertaining  with  precision  in  any  given  case  whether  a  patient  with 
purulent  otitis  media  who  presents  symptoms  of  intracranial  inflamma- 
tion suffers  from  an  abscess  in  the  temporal  lobe  or  in  the  cerebellum 
or  whether  the  case  is  one  of  lateral  sinus  thrombosis,  many  surgeons 
prefer  not  to  delay  operation  until  more  definite  localising  symptoms 
appear,  but  to  proceed  at  once  to  open  up  the  antrum  and  tympanic 
cavity  in  the  manner  just  described,  trying  at  the  same  time  to  find  at 
what  point  the  infection  has  travelled  intracranially.  In  this  way  the 
lateral  sinus  is  exposed  and  its  surroundings  examined  ;  if  this  prove 
unsuccessful,  the  tegmen  tympani  is  explored  and  search  made  for  a 
sinus  leading  upwards  through  it.  It  is  by  following  out  a  policy  such 
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as  this  that  one  may  hope  to  succeed  not  only  in  finding  the  actual  site 
of  the  intracranial  mischief,  but  in  preventing  a  future  recurrence  by 
the  removal  of  the  primary  focus  of  disease. 


THE  FACE. 

The  face  is  situated  beneath  the  anterior  part  of  the  base  of  the  skull, 
and  in  front  of  the  upper  portion  of  the  spinal  column.  A  large  number 
of  bones  enter  into  its  formation,  and  it  is  hollowed  out  into  a  series  of 
cavities,  orbital,  nasal,  maxillary,  which  present  a  symmetrical  arrange- 
ment. The  configuration  of  its  bony  framework  influences  to  a  large 
extent  the  character  of  the  face,  as  is  shown  by  the  prominence  of  the 
nose,  the  symphysis  menti,  the  angle  of  the  lower  jaw,  the  malar 
eminence,  and  the  zygomatic  arch.  The  general  boundaries  of  the  face 
as  viewed  externally  are,  above,  the  naso-frontal  groove,  the  arch  of  the 
brow,  the  malar  bone  and  the  zygoma ;  below,  the  lower  border  of  the 
jaw  from  the  symphysis  to  the  angle  ;  behind,  the  auricle.  The  various 
regions  which  enter  into  its  constitution  may  be  studied  most  con- 
veniently in  the  following  order: — (i)  The  Lips,  Oral  Aperture,  and 
Chin.  (2)  The  Cheek.  (3)  The  Parotid  and  Masseteric  Regions.  (4) 
The  Region  of  the  Upper  Jaw.  (5)  The  Region  of  the  Lower  Jaw  and 
Temporo-Maxillary  Joint.  (6)  The  Pterygo-Maxillary  Region.  (7) 
The  Orbit  and  the  Eye.  (8)  The  Nose  and  the  Nasal  Cavities. 

The  first  two  of  these  being  so  inseparably  connected,  and  having 
very  similar  structural  relationships,  will  be  considered  together. 

Topography  and  Superficial  Anatomy. — The  upper  lip  presents  a 
vertical  median  groove,  the  philtrum,  bounded  on  each  side  by  a  promi- 
nent ridge,  and  terminating  inferiorly  in  a  projection  situated  at  the 
centre  of  the  labial  margin,  called  the  prolabium  (fig.  24).  The  naso- 
labial  furrow  marks  the  junction  of  the  upper  lip  with  the  cheek;  it 
commences  in  the  alar  sulcus  at  the  side  of  the  nose,  and  passes  down- 
wards and  outwards  close  to  the  angle  of  the  mouth,  beyond  which  it 
ends.  The  lower  lip  presents  a  slight  groove  at  the  centre  of  its  free 
border,  and  its  junction  with  the  chin  is  marked  by  a  curved  depression, 
the  mento- labial  furrow.  The  shape  and  prominence  of  the  lips  vary 
greatly  in  different  individuals,  depending  largely  upon  the  projection  of 
the  alveolar  arches  with  their  contained  teeth,  and  to  some  extent  also 
upon  the  development  of  the  labial  muscles.  In  old  people  whose 
teeth  have  fallen  out,  the  alveolar  arches  for  the  most  part  disappear, 
and  the  lips  having  lost  their  support  turn  inwards,  so  that  their  red 
margins  are  almost  if  not  completely  hidden  from  view.  The  lips 
sometimes  undergo  hypertrophy,  especially  the  upper  one.  The  term 
macrocheilia  is  usually  applied  to  an  enlargement  of  a  congenital 
character,  which  has  its  origin  in  an  excessive  development  of  the  labial 
lymphatic  vessels — a  form  of  lymphangioma.  In  children  with  tubercular 
proclivities  a  marked  enlargement  of  the  upper  lip  also  is  not  unfrequently 
observed.  The  lips  enjoy  a  very  free  range  of  mobility,  and  this  is  a 
material  advantage  in  the  various  operative  procedures,  which  may  be 
grouped  under  the  general  heading  cJieiloplasty,  and  which  are  occasion- 
ally required  to  correct  deformities  resulting  from  injury  or  disease — 
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severe  burns,  cancrum  oris,  lupus,  etc. — or  those  which  are  the  outcome 
of  arrested  development,  such  as  hare-lip. 

The  shape  of  the  chin  largely  influences  the  character  of  the  face  ;  it 
depends  mainly  upon  the  projection  of  the  symphysis  menti,  but  to 
some  extent  also  upon  the  development  of  the  overlying  tissues  ;  it  may 
be  broad  or  pointed,  projecting  or  receding.  Its  centre  is  not  infre- 
quently marked  by  a  dimpled  depression  or  vertically  directed  furrow, 
which  owes  its  existence  to  the  traction  exercised  upon  the  skin  by  the 
fibres  of  insertion  of  the  levator  menti  muscle.  The  chin  becomes  very 
prominent  in  old  people  after  loss  of  the  teeth,  and  at  the  same  time 
advances  nearer  to  the  nose.  Sometimes  the  chin  is  quite  insignificant 
by  reason  of  imperfect  development  of  the  jaw. 


Alar  Sulcus. 
Ala  Nasi. 

Naso-labial  Furrow. 
Philtrum. 

Labial  Commissure. 


Prolabiui 
Mento-labial  Furro 


FIG.  24. — The  surface  anatomy  of  the  face. 

Each  side  of  the  face  may  be  conveniently  divided  into  two  regions — 
an  anterior,  containing  the  muscles  of  facial  expression,  or  cheek  proper, 
and  a  posterior,  which  is  occupied  mainly  by  the  masseter  muscle  and 
the  parotid  gland. 

The  skin  of  the  cheek  is  thin  and  smooth  and  its  colour  varies  with  its 
vascularity  and  with  the  degree  of  opacity  of  its  epidermal  covering. 
Over  the  malar  prominence  the  vascular  tint  is  usually  most  decided,  and 
visible  networks  of  capillaries  at  this  point  give  the  face  in  health  a  ruddy 
hue.  The  colour  of  the  face  also  varies  with  changing  states  of  tempera- 
ment and  in  disease ;  thus  one  notes  from  time  to  time  the  circumscribed 
blush  associated  with  hectic  fever,  the  dusky  cyanotic  tint  indicative  of 
venous  congestion  in  cases  of  heart  disease  with  failing  circulation  and  in 
certain  forms  of  lung  disease.  In  strong  contrast  with  such  appearances, 
on  the  other  hand,  is  the  striking  pallor  produced  by  mental  emotions, 
and  the  sallow  cachectic  tint  observed  in  chronic  wasting  diseases. 

The  cheek  is  usually  full  and  rounded  in  children  and  young  healthy 
subjects,  but  in  the  aged  and  in  emaciated  individuals  it  becomes  flattened 
or  hollowed  out,  the  malar  eminence  and  zygomatic  arch  appear 
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prominent  and  the  outline  of  the  masseter  is  clearly  defined.  An  obliquely 
directed  furrow  commences  near  the  inner  angle  of  the  eye  and  extends 
downwards  and  outwards  for  a  short  distance  into  the  cheek  ;  it  is  known  as 
\kvtpalpebro-malarQroculo-zygomatic  furrow,  but  is  not  always  very  evident. 
It  becomes  accentuated  in  old  age  and  after  much  wasting,  and  the  skin 
which  lines  it  is  not  uncommonly  of  a  darker  hue  than  that  in  the  vicinity  ; 
this  is  particularly  the  case  in  some  female  subjects.  This  furrow,  as  well 
as  the  naso-labial,  becomes  more  than  usually  distinct  in  the  drawn, 
anxious  face  of  patients  suffering  from  peritoneal  inflammation — Fades 
Hippocratica. 

The  skin  of  the  cheek,  and  that  also  which  covers  the  lips  and  chin, 
contains  hairs,  which  are  small  and  fine  in  children  and  females,  but  are 
more  strongly  developed  and  form  a  distinctive  characteristic  of  the  face 
in  the  male  sex.  The  hair  follicles  are  embedded  in  the  subcutaneous 
tissue  and  are  surrounded  by  numerous  sebaceous  glands. 

The  Subcutaneous  Tissue.— In  the  lips  and  cheeks  there  is  no  differ- 
entiation of  the  subcutaneous  tissue  into  a  superficial  and  a  deep  layer ; 
there  is  in  reality  but  one,  and  it  extends  uninterruptedly  from  the  skin  to 
the  periosteum  and  mucous  membrane  ;  it  is  traversed  obliquely  by  the 
facial  muscles  as  they  pass  from  their  bony  origin  to  be  inserted  into  the 
deep  aspect  of  the  skin,  and  further,  it  contains  the  ramifications  of  the 
facial  blood-vessels,  nerves,  and  lymphatics.  The  lips  and  chin  can  never 
contain  any  considerable  amount  of  fat,  owing  to  the  large  amount  of 
muscular  tissue  which  is  present,  and  obtains  an  extensive  insertion  into 
the  deep  aspect  of  the  skin,  rendering  it  very  adherent.  For  the  same 
reason,  an  insuperable  obstacle  is  offered  to  collections  of  blood  or  pus  in 
these  parts.  In  the  cheeks,  however,  it  is  different ;  here  the  subcutaneous 
fat  may  collect  in  large  amount,  and  the  tissues  altogether  are  more 
loosely  constituted  than  in  the  lips.  This  is  essential  for  the  effective 
contraction  of  the  facial  muscles;  it  allows  the  cheek  a  free  range  of 
mobility  and  to  stretch  with  great  facility ;  it  also  permits  effusions, 
inflammatory  or  otherwise,  to  diffuse  readily,  as  is  well  seen  in  eases  of 
dropsy  or  in  erysipelas,  when  the  natural  furrows  become  obliterated,  and 
the  features  assume  a  bloated  and  distorted  appearance. 

Mention  must  be  made  here  of  a  peculiar  lobulated  mass  of  fat,  the 
buccal  pad  of  Bichat,  which  occupies  the  interval  between  the  masseter 
and  the  outer  aspect  of  the  buccinator  muscle,  and  which  in  the  course  of 
dissection  can  be  shelled  out  without  any  difficulty.  It  curves  forwards 
and  outwards  around  the  anterior  border  of  the  masseter,  surrounding 
it  in  a  crescent-shaped  manner.  It  is  separated  from  the  fatty  tissue  of 
the  cheek  proper  by  a  thin  layer  of  fascia,  prolonged  forwards  from  the 
parotid  capsule,  and  it  is  crossed  by  Stenson's  duct  on  its  way  to  pierce 
the  buccinator.  In  a  deep  direction  the  buccal  pad  is  found  to  extend 
backwards  to  the  pterygo-maxillary  region  surrounding  the  muscles  of 
mastication,  upwards  into  the  temporal  region  beneath  the  zygoma,  and 
inwards  to  the  upper  jaw,  where  it  comes  into  relation  also  with  the  outer 
wall  of  the  orbit.  It  is  well  developed  in  the  fcetus,  and  according  to 
some  it  affords  support  to  the  cheek  of  the  infant  when  sucking  the  breast, 
and  has  consequently  been  called  the  sucking-pad (^axfoz).  That  it  acts  in 
this  way  is  doubtful,  seeing  that  it  is  applied  against  the  back  part  of  the 
buccinator,  and  not  at  all  against  the  anterior  part  of  the  muscle,  which 
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is  mainly  concerned  in  the  action  of  sucking  (Merkel).    Even  in  advanced 
emaciation  the  buccal  pad  does  not  entirely  disappear. 

The  Facial  Muscles  are  embedded  in  the  subcutaneous  tissue,  and 
are  arranged  in  a  manner  which  at  first  sight  appears. very  complicated. 
From  the  applied  standpoint  they  may  be  most  profitably  considered 
in  the  relationship  which  they  present  to  the  different  features ;  these 
include  the  brow,  the  palpebral  aperture,  the  side  of  the  nose,  the  ala  of 
the  nose,  the  upper  lip,  the  oral  aperture,  the  cheek,  the  angle  of  the 
mouth,  the  lower  lip  and  the  chin.  When  the  facial  muscles  are  viewed 
in  connection  with  the  functional  relationships  which  they  bear  to  these 
parts,  it  will  be  seen  that  their  action  is  mainly  to  elevate  or  depress,  or 
to  open  and  close  in  the  case  of  orifices.  By  arranging  the  muscles  in 
this  way  one  will  be  in  a  better  position  to  interpret  the  effects  produced 
upon  the  features  in  cases  of  facial  paralysis. 

Elevator.  Depressor. 

The  Brow  and  Forehead,  .     .  Occipito-frontalis Corrugator  supercilii. 

The  Eyelid  (palpebral  aperture),  Levator  palpebrae  superioris,    Orbicularis  palpebrarum. 
The  Side  of  the  Nose,     .     .     .  Pyramidalis  nasi,    ....  Compressor  nasi. 
The  Ala  of  the  Nose, ....  Levator    labii    superioris       Depressor  alse  nasi. 

alaeque  nasi, 

The  Upper  Lip, Levator  labii  superioris,  .     .  Depressor  labii  superioris  (upper 

portion  of  orbicularis  oris). 
The  Mouth  (oral  aperture),    .     .  Opened  by  the  vertical  and  Closed   by  the   orbicularis  oris, 

oblique  muscle  fibres  which       which    is    reinforced    by  the 

are  directed  towards  it,      .       depressor  anguli  oris  and  by 
the  levator  anguli  oris. 

The  Cheek, The  zygomatici,      ....  Platysma. 

The  Angle  of  the  Mouth,    .     .  Levator  anguli  oris,    .     .     .  Depressor  anguli  oris. 

The  Lower  Lip  and  Chin,  .     .  Levator  labii  inferioris,  or     Depressor    labii    inferioris,     or 

levator  menti,  quadratus  menti. 

A  large  number  of  muscles  converge  to  the  region  of  the  mouth.  The  levator  labii  superioris 
akeque  nasi,  the  levator  labii  superioris,  the  levator  anguli  oris,  and  the  zygomatici  are  directed 
from  above  downwards  ;  the  buccinator  and  risorius  pass  directly  inwards,  whilst  the  depressor 
labii  inferioris  and  the  depressor  anguli  oris  are  directed  from  below  upwards.  The  levator 
anguli  oris  and  the  depressor  anguli  oris  help  to  reinforce  the  orbicularis  oris  ;  each  of  the  former 
is  mainly  inserted  into  the  skin  at  the  angle  of  the  mouth  ;  however,  the  levator  anguli  oris  sends 
some  of  its  fibres  into  the  lower  lip,  where  they  pursue  a  horizontal  direction  and  gain  insertion 
into  the  skin,  having  crossed  the  middle  line.  The  depressor  anguli  oris,  on  the  other  hand,  sends 
some  fibres  into  the  upper  lip,  where  they  run  horizontally  and  are  also  inserted  into  the  skin. 

In  addition  to  opening  and  closing  orifices,  the  facial  muscles,  by 
reason  of  their  very  free  cutaneous  insertions,  produce  those  exceedingly 
delicate  and  complicated  movements  which  may  be  collectively  termed 
'the  play  of  the  features.'  It  is  quite  impossible  in  most  cases  to 
attribute  these  movements  to  individual  muscles  or  groups  of  muscles  ; 
the  more  delicate  movements  are  effected  by  combinations  of  different 
muscles  ;  even  a  part  of  a  muscle — the  orbicularis  palpebrarum  for 
example — may  be  made  to  contract  independently. 

In  consequence  of  the  numerous  muscles  which  are  related  to  the 
mouth  and  the  different  directions  they  pursue,  this  mobile  feature  is 
capable  of  giving  rise  to  very  varying  forms  of  emotional  expression — 
sorrow,  contempt,  mirth,  etc.  From  the  manner  in  which  the  orbicularis 
oris  is  able  to  press  the  lips  against  the  teeth,  it  is  of  great  utility  in 
conveying  food  backwards  into  the  buccal  cavity.  In  some  diseases,  of 
which  tetanus  is  the  best  example,  the  contortion  of  the  features  brought 
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about  by  muscular  spasm  forms  a  marked  objective  symptom,  and  is  known 
as  '  risus  sardoniats.'  "  The  forehead  is  corrugated,  the  brow  knit,  the 
orbicular  muscle  of  the  eye  rigid,  the  eyeball  motionless  and  staring, 
the  nostril  spread,  the  corners  of  the  mouth  are  drawn  back,  the  set  teeth 
exposed,  and  all  the  features  fixed  in  a  ghastly  grin  "  (Sir  Thos.  Watson). 
Facial  Paralysis. — The  facial  muscles  are  innervated  by  the  facial 
nerve,  and,  as  will  be  shown  later  on  when  speaking  of  this  nerve,  its 
function  may  be  partially  or  completely  abolished  by  injury  or  disease 
attacking  it  in  any  part  of  its  course.  The  symptoms  present  in  a  case 
of  complete  unilateral  paralysis  will  be  readily  understood  after  the 
account  of  the  muscles  given  above.  No  movements  of  a  voluntary  or 
emotional  character  take  place  on  the  affected  side,  and  when  the 
opposing  muscles  contract,  they  draw  the  angle  of  the  mouth  to  the 
sound  side,  and  produce  a  distorting  effect  upon  the  features.  The 
transverse  furrows  on  the  forehead  disappear,  the  brow  droops,  the  eyelids 
cannot  be  closed,  the  eyeball  appears  unduly  prominent  (lagophthalmos), 
and  the  cornea  may  suffer  from  exposure.  In  elderly  persons  especially, 
in  whom  the  skin  has  lost  much  of  its  elasticity,  the  lower  eyelid  falls 
forwards,  causing  the  tears  to  overflow  on  to  the  cheek  (epiphora)  ;  the 
secretion  of  tears  too  is  increased  from  corneal  irritation.  The  nostril 
does  not  expand  with  each  inspiratory  effort,  and  the  sense  of  smell  is 
diminished  on  that  side  in  consequence.  The  lips  cannot  be  pressed 
tightly  together,  nor  can  the  cheeks  be  puffed  out  when  the  efforts  are 
made  to  whistle  or  to  blow  out  a  lighted  candle.  Speech  will  be  some- 
what imperfect,  from  inability  to  pronounce  the  labial  consonants. 

BLOOD-VESSELS. — The  Facial  Artery,  a  branch  of  the  external  carotid,  is  the  principal 
channel  by  means  of  which  blood  is  conveyed  to  the  face.  Having  completed  its  cervical  course,  it 
reaches  the  face  by  crossing  the  lower  jaw  at  the  level  of  the  anteiior  border  of  the  masseter  muscle 
(fig.  27).  It  now  runs  upwards  and  forwards  in  a  very  tortuous  manner  to  a  point  situated  just 
outside  the  angle  of  the  mouth,  and  from  this  it  is  directed  upwards,  much  reduced  in  size,  to  its 
termination  opposite  the  inner  can  thus  of  the  eye,  where  it  anastomoses  with  the  nasal  branch  of  the 
ophthalmic  artery  which  gains  on  the  face  by  perforating  the  tarsal  membrane  above  the  tendo 
oculi.  Throughout  its  course  the  facial  artery  is  comparatively  superficial,  being  covered  only  by 
the  platysma,  depressor  anguli  oris,  and  zygomatic  muscles.  Its  main  offshoots  proceed  from  its 
anterior  aspect ;  they  are,  the  inferior  labial,  the  superior  and  inferior  coronary,  and  the  lateral 
nasal  arteries  ;  the  terminal  part  of  the  facial  is  sometimes  called  the  angular  artery.  Some  fine 
twigs  are  given  off  from  the  posterior  aspect  of  the  main  trunk  ;  they  ramify  in  the  substance  of 
the  cheek,  and  form  numerous  anastomoses.  Some  branches  of  the  facial  nerve  cross  the  artery, 
others  lie  beneath  it. 

The  other  arteries  found  in  this  region  are  much  smaller ;  they  are  the  submental  branch  of  the 
facial,  which  crosses  the  jaw  at  the  level  of  the  chin  ;  the  transverse  facial  branch  of  the  superficial 
temporal  artery  ;  the  infra-orbital ',  buccal,  and  inferior  dental  branches  of  the  internal  maxillary 
artery,  which  are  accompanied  on  their  way  to  the  face  by  branches  of  the  trigeminal  nerve,  and 
lastly,  the  nasal  branch'  of  the  ophthalmic  artery  (internal  carotid),  fig.  2. 

The  Facial  Vein  commences  in  the  angular,  which  is  the  downward  continuation  of  the 
frontal  vein  of  the  scalp.  It  traverses  the  face  obliquely  and  crosses  the  lower  jaw  in  front  of  the 
masseter.  For  the  greater  part  of  its  extent  it  lies  behind  the  artery,  but  the  two  vessels  are  only  in 
close  relationship  opposite  the  inner  angle  of  the  orbit  and  where  they  cross  the  lower  jaw,  the 
vein  lying  posteriorly  (fig.  27).  In  addition  to  receiving  tributaries  corresponding  to  the 
branches  of  the  artery,  it  has  two  very  important  communications  which  bring  it  indirectly  into 
connection  with  the  cavernous  sinus :  the  first  is  the  ophthalmic  vein,  which  receives  tributaries 
from  the  posterior  aspect  of  the  angular  vein  ;  the  second  is  the  deep  facial  vein,  which  runs 
upwards  and  backwards  between  the  buccinator  muscle  and  the  vertical  ramus  of  the  jaw  to  the 
pterygoid  venous  plexus,  and  this  again  is  connected  with  the  cavernous  sinus  by  veins  which 
traverse  the  foramen  ovale.  In  the  neck  the  facial  vein  receives  the  anterior  division  of  the 
temporo-maxillary  vein,  and  terminates  usually  in  the  internal  jugular. 

The  arteries  in  the  face  anastomose  very  freely  with  each  other,  and 


THE  FACE  75 

the  larger  branches  of  the  facial  cross  the  middle  line  and  anastomose 
with  their  fellows  of  the  opposite  side.  They  form  anastomoses  also 
with  the  inferior  dental,  buccal,  and  infra-orbital  branches  of  the  internal 
maxillary  artery,  and  furthermore  the  external  and  internal  carotids  are 
brought  into  communication  by  means  of  the  anastomoses  between  the 
facial  and  ophthalmic  arteries  (fig.  2).  These  facts  explain  why  it  is 
necessary  to  control  bleeding  from  both  ends  of  one  of  the  larger  vessels 
when  divided.  The  rich  supply  of  blood  to  the  face  greatly  favours  the 
rapid  healing  of  wounds,  and  this  is  a  material  advantage  in  the  various 
plastic  operations  which  are  performed  upon  the  lips  and  cheeks  for  the 
correction  of  congenital  or  acquired  deformities.  The  tortuosity  of 
the  facial  vessels  is  doubtless  to  be  explained  by  the  extreme  mobility 
and  changing  shape  of  the  features,  and  by  the  distensibility  of  the 
lips  and  cheeks.  In  the  lips,  the  coronary  arteries,  having  pierced 
the  buccinator  muscle,  are  deeply  placed,  being  merely  covered  by  the 
mucous  membrane,  and  their  pulsations  may  be  felt  by  compressing  the 
lip  between  the  finger  and  thumb.  The  position  of  these  vessels  must 
be  remembered  when  suturing  wounds  which  involve  the  entire  thick- 
ness of  the  lip.  The  suture  must  not  traverse  the  mucous  membrane, 
but  should  emerge  immediately  in  front  of  its  cut  edge  and  beneath  the 
divided  artery,  for  if  the  latter  be  not  included,  bleeding  will  continue 
into  the  mouth  after  the  sutures  have  been  tied,  and  may  prove  serious, 
especially  in  young  children.  Deep  sutures  also  are  very  necessary  in 
wounds  of  the  lip  or  cheek,  in  consequence  of  the  tendency  these  have  to 
gape,  owing  to  the  traction  exercised  by  the  divided  muscles.  The 
angular  artery  lies  at  the  inner  side  of  the  lachrymal  sac,  and  is  to  be 
avoided  if  possible  when  opening  abscesses  in  connection  with  this  part — 
purulent  dacryo-cystitis  (p.  114).  The  face  is  not  by  any  means  an  un- 
common site  for  naevoid  growths ;  they  may  be  of  the  capillary  variety,  and 
appear  as  red  or  purple  coloured  areas,  popularly  known  as  ' birth  marks* 
Sometimes  the  naevi  are  of  the  venous  or  cavernous  variety  and  attain 
a  considerable  size  ;  they  are  more  frequently  met  with  in  the  lips  than  in 
other  parts  of  the  face. 

The  communications  of  the  facial  vein  already  mentioned  are  of 
considerable  importance  on  account  of  the  serious  consequences  which  may 
follow  in  the  event  of  their  becoming  affected  with  spreading  thrombosis 
in  the  course  of  acute  septic  processes,  such  as  carbuncle,  cancrum  oris, 
malignant  pustule,  etc.,  involving  the  face  or  forehead.  Under  such 
conditions  infection  may  spread  intracranially  by  way  of  the  ophthalmic 
vein  or  by  the  pterygoid  venous  plexus,  setting  up  an  acute  septic 
thrombosis  in  the  cavernous  sinus  and  meningitis.  The  angular,  facial, 
and  ophthalmic  veins  assume  a  dilated  and  tortuous  appearance  in  cases 
of  large  orbital  or  intracranial  tumours.  This  is  due  to  the  fact  that 
these  vessels  are  devoid  of  valves,  and  that  the  venous  current  in  their 
interior  becomes  reversed  in  consequence  of  the  compression  to  which 
they  are  subjected. 

The  facial  lymphatics  are  reinforced  by  those  which  descend  from 
the  frontal  area  of  the  scalp.  The  larger  trunks  run  downwards  and 
backwards  with  the  facial  vein,  and  terminate  in  the  submaxillary  and 
superficial  cervical  glands  ;  some,  however,  are  connected  with  a  couple 
of  small  glands  which  lie  in  close  connection  with  the  facial  vessels  in 
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front  of  the  masseter  muscle.  In  their  course  they  receive  tributaries 
from  the  inner  half  of  the  eyelid,  the  side  of  the  nose,  the  inner  region 
of  the  cheek,  the  upper  and  lower  lips.  The  lymphatics  from  the 
outer  part  of  the  eyelids  and  cheek  are  directed  to  the  parotid  glands. 

Disease  very  frequently  spreads  to  the  glands  which  are  in  connection 
with  the  facial  lymphatics.  An  epitheliomatous  growth  of  the  lower  lip, 
for  example,  is  invariably  succeeded  by  metastases  in  the  submaxillary 
glands,  unless  it  be  removed  at  an  early  stage.  In  all  cases  of  this  disease, 
therefore,  the  submaxillary  region  should  be  carefully  examined  in  order 
to  ascertain  if  glandular  enlargement  has  taken  place.  Bacterial  infection 
of  various  forms — septic,  tubercular,  etc. — is  not  uncommonly  conveyed 
by  the  lymphatics  to  these  glands  from  ulcerated  areas  in  the  vicinity. 
Congenital  lymphatic  tumours  are  occasionally  met  with  in  the  eyelids, 
lips,  cheeks  and  nose  ;  the  particular  form  of  growth  to  which  they  usually 
give  rise  being  known  as  a  cavernous  lymphangioma. 

NERVES.  — The  facial  or  seventh  cranial  nerve  innervates  the  muscles  of  the  face.  At  a 
point  situated  behind  the  posterior  border  of  the  neck  of  the  lower  jaw,  the  main  trunk,  having 
emerged  from  the  stylo-mastoid  foramen,  divides  within  the  parotid  gland  into  its  temporo-facial 
and  cervico-facial  divisions  (fig.  27).  The  branches  given  off  by  these  radiate  widely  in  a  fan-shaped 
manner  and  over  a  wide  area,  extending  from  the  temporal  region  above  to  the  submaxillary 
region  below.  Their  general  direction  is  sufficiently  indicated  by  their  names,  viz.,  temporal, 
malar,  and  infra-orbital  branches  from  the  temporo-facial  division  ;  bnccal,  supra-maxillary,  and 
submaxillary  branches  from  the  cervico-facial  division.  They  form  extensive  communications 
with  the  various  branches  of  the  fifth  nerve  which  are  distributed  throughout  the  face. 

The  sensory  nerves  of  the  face  are  furnished  by  the  three  divisions  of  the  trigeminal  or  fifth 
cranial  nerve,  together  with  some  branches  from  the  great  auricular  nerve.  Their  several  areas 
of  distribution  may  be  summarised  as  follows  : — 

Ophthalmic  Division.  —  The  supra-orbital 'and  supra-trochlear  nerves  which  have  been  alluded 
to  in  connection  with  the  scalp,  supply  the  integument  of  the  brow,  forehead,  and  fore  part  of  the 
scalp.  The  infra-trochlear  nerve,  a  branch  of  the  nasal,  becomes  cutaneous  at  the  inner  orbital 
region  above  the  tendo  oculi.  It  supplies  the  skin  and  conjunctiva  around  the  inner  canthus, 
over  the  root  of  the  nose,  and  the  interior  of  the  lachrymal  sac.  The  palpebral  branch  of  the 
lachrymal  nerve  becomes  superficial  at  the  outer  part  of  the  upper  eyelid  ;  it  supplies  the  skin 
around  the  outer  canthus  and  the  outer  part  of  the  conjunctiva.  The  nasal  nerve  appears  at 
the  side  of  the  nose  between  the  nasal  bone  and  the  lateral  nasal  cartilage  ;  it  supplies  the 
integument  of  the  lower  part  of  the  ala,  as  well  as  the  tip  of  the  nose. 

Superior  Maxillary  Division.  —  The  infra-orbital  nerve  enters  the  cheek  after  emerging  from 
the  infra-orbital  foramen.  Its  branches  radiate  inwards  to  the  side  of  the  nose  and  downwards  to 
the  upper  lip  ;  it  supplies  sensation  also  to  the  skin  of  the  lower  eyelid.  The  subcutaneous  mala 
branch  of  the  temporo- malar  nerve  emerges  through  a  small  foramen  at  the  centre  of  the  mala 
bone,  and  supplies  a  small  area  of  skin  over  the  prominence  of  the  cheek.  The  temporal  branch 
of  the  temporo-malar  nerve  becomes  superficial  about  one  inch  above  the  zygoma,  where  it  pierce 
the  temporal  fascia  ;  it  supplies  a  small  area  of  skin  in  the  anterior  temporal  region. 

Inferior  Maxillary  Division. — The  long  buccal  nerve  having  emerged  from  beneath  the 
anterior  border  of  the  masseter  muscle,  gives  some  sensory  branches  to  the  adjoining  integument 
for  the  most  part,  however,  it  is  destined  for  the  mucous  membrane  on  the  inner  aspect  of  the 
cheek.  The  mental  branch  of  the  inferior  dental  nerve  emerges  from  the  mental  foramen  ;  i 
supplies  the  skin  of  the  chin  and  lower  lip,  and  also  the  mucous  membrane  which  lines  the  latter 
The  auricula-temporal  nerve  becomes  superficial  in  front  of  the  ear  where  it  crosses  the  zygoma 
and  sends  a  few  sensory  branches  to  the  parotid  region,  but  its  principal  distribution  is  to  the  skin 
of  the  temporal  region. 

The  facial  branches  of  the  great  aurtcti/ar  nerve  supply  the  skin  covering  the  lower  part  o 
the  masseter  muscle,  and  sometimes  as  far  forwards  as  the  angle  of  the  mouth. 

The  areas  supplied  by  the  sensory  branches  of  the  trigeminal  nerve 
are  sometimes  the  seat  of  very  acute  pain  ;  occasionally  they  are  altogether 
devoid  of  sensation.  A  growing  tumour,  for  example,  pressing  upon  a 
sensory  nerve,  will  at  first  cause  increased  sensibility,  or  perhaps  severe 
pain,  referred  to  the  distribution  of  the  nerve ;  at  a  later  period,  however 
when  the  nerve  has  been  so  compressed  that  its  function  is  destroyed 
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the  parts  which  had  previously  been  hyperaesthetic  become  anaesthetic. 
As  many  of  the  nerves  traverse  bony  canals  before  reaching  the  face, 
they  are  liable  to  be  compressed  in  some  part  of  their  course  by  thicken- 
ing and  condensation  of  the  bone  surrounding  these  canals.  Ostitis  of 
the  alveolar  processes  of  the  jaws,  arising  in  connection  with  diseased 
teeth,  for  example,  may  implicate  the  nerves  in  the  vicinity  and  cause 
severe  neuralgia.  In  some  instances  there  are  foci  of  pain  or  tender 
points  corresponding  to  the  nerves  affected — over  the  infra-orbital  fora- 
men, at  the  side  of  the  nose,  over  the  malar  bone,  or  along  the  gums  of 
the  upper  or  lower  jaw.  Frequently  the  pain  radiates  through  the  three 
divisions  of  the  nerve,  and  may  be  accompanied  by  reflex  spasm  ('  tic 
convulsif'}  of  the  facial  muscles,  and  vaso-motor  changes,  as  shown  by 
dilatation  of  the  cutaneous  vessels.  In  consequence  of  the  excruciating 
pain  which  is  associated  with  severe  facial  neuralgia,  section  of  the 
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FIG.  25. — The  facial  aspect  of  the  human  embryo  at  an  early  stage  of  its  development,  i.e. 
between  the  fourth  and  fifth  weeks  (His). 

affected  nerve,  or  else  its  partial  removal,  is  not  unfrequently  resorted  to 
when  other  methods  of  treatment  have  failed.  See  superior  maxillary 
nerve,  p.  89,  and  inferior  maxillary  nerve,  p.  101. 

THE  DEVELOPMENT  OF  THE  FACE.— In  the  foetus  the  site  of  the  future  oral 
aperture  is  represented  at  first  by  a  wide  gap  situated  between  the  mandibular  or  first  branchial 
arch  below  and  the  lower  aspect  of  the  anterior  cerebral  vesicle  or  the  fore-brain  above.  The 
lower  jaw  and  the  lower  part  of  the  face  are  developed  in  connection  with  the  mandibular 
arch,  the  two  segments  of  which  fuse  at  a  very  early  period  in  the  middle  line.  The  upper 
region  of  the  face  consists  at  first  of  parts  which  are  separated  by  fissured  intervals,  but  which 
subsequently  fuse  with  each  other  and  leave  no  trace  behind.  The  superior  maxillary  process  is 
an  outward  growth  from  the  hinder  part  of  the  first  branchial  arch,  and  extends  forwards  between 
this  and  the  fossa  for  the  eye,  which  it  skirts  with  its  upper  border.  The  fronto-nasal  process  is 
a  downward  growth  from  the  under  aspect  of  the  fore-brain  and  occupies  the  entire  space  which 
intervenes  between  the  two  eyes.  Its  continuity  is  interrupted,  however,  by  the  olfactory  grooves, 
one  on  each  side  of  the  middle  line,  which  subdivide  it  into  three  parts.  The  portion  between 
the  olfactory  grooves  is  called  the  internal  or  mesial  nasal  process  ;  it  soon  develops  a  notch  at 
its  lower  border,  separating  two  rounded  projections,  the  globular  processes  (His).  The  part 
outside  the  olfactory  sulcus  is  called  the  external  or  lateral  nasal  process ;  it  is  separated  from  the 
superior  maxillary  process  by  a  fissure  which  leads  upwards  and  backwards  to  the  eye  (fig.  25). 
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The  central  and  lateral  nasal  processes  and  the  superior  maxillary  process  gradually  encroach 
upon  and  narrow  the  originally  wide  buccal  aperture.  As  this  takes  place,  the  superior  maxillary 
process  approaches  nearer  and  nearer  to  the  internal  nasal  process,  extending  beneath  the  external 
nasal  process,  until  both  come  together  and  fuse.  The  external  nasal  process  takes  no  part, 
therefore,  in  the  ultimate  development  of  the  oral  aperture  (fig.  26). 

From  the  superior  maxillary  process  are  developed  the  lateral  parts  of  the  face,  the  upper 
jaw,  malar,  palate,  and  sphenoid  bones.  From  the  internal  nasal  process  are  developed  the  pre- 
maxillary  Ixjne  (os  incisivum)  which  carries  the  upper  incisor  teeth,  and  also  the  nasal  septum. 
From  the  external  nasal  process  are  developed  the  ethmoidal  cells,  the  nasal  bone,  the  lachrymal 
bone,  and  the  lateral  nasal  cartilage. 

Subsequent  to  the  fusion  of  the  different  facial  segments,  further  developmental  changes  take 
place,  as  the  result  of  which  the  face  acquires  its  characteristic  infantile  appearance  ;  the  nose  be- 
comes more  prominent,  and  at  the  same  time  its  width  diminishes  ;  the  eyes  gradually  assume  a  more 
anterior  position  and  the  median  notch  of  the  fronto-nasal  process  disappears  inconsequence  of  the 
fusion  of  the  two  globular  processes  which  together  form  the  central  segment  of  the  upper  lip,  or 
the  philtrum.  The  remaining  portions  of  the  upper  lip  are  formed  by  the  superior  maxillary 
processes. 

At  birth  the  face  is  developed  to  a  much  less  degree  than  the  cranium.  The  sense  organs, 
viz.,  the  eye,  the  ear,  and  the  olfactory  region  of  the  nose,  however,  have  reached  an  advanced 
state,  and  the  pinna  appears  large  when  considered  in  the  proportion  which  it  bears  to  the  entire 
face. 
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FIG.  26. — Diagrammatic  representation  of  the  adult  head  and  neck,  showing  the  principal 
lines  along  which  congenital  defects  are  met  (modified  from  Bland  Sutton). 

Abnormalities  in  the  Development  of  the  Face.— Before  the  fusion 
of  the  rudimentary  outgrowths  from  which  the  upper  facial  region  is 
developed  takes  place,  it  will  be  seen  by  a  reference  to  fig.  25  that  they 
are  separated  from  each  other  on  each  side  by  fissures  arranged  some- 
what in  the  form  of  the  letter  Y.  The  stem  of  the  latter  extends 
upwards  from  the  oral  aperture  between  the  internal  nasal  process  and 
the  superior  maxillary  process ;  its  limbs  are  directed,  the  inner  to  the 
olfactory  groove,  the  outer  to  the  orbit,  and  between  them  is  situated  the 
external  nasal  process.  Another  fissure  extends  outwards  from  the  oral 
aperture  between  the  mandibular  arch  and  the  superior  maxillary 
process.  These  fissures  usually  disappear  in  the  second  month  of  foetal 
life.  In  fig.  26  their  position  has  been  indicated  upon  the  adult  face 
in  order  to  explain  certain  developmental  defects  occasionally  observed, 
and  which  are  due  to  failure  of  the  normal  process  of  closure.  These 
are  as  follows  : — 

I.  Hare-lip. — This  is  to  be  explained  by  failure  of  fusion  between  the 
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superior  maxillary  and  the  internal  nasal  processes.  The  defect  is  situated 
a  little  to  one  side  of  the  middle  line,  and  varies  in  degree  from  a  mere 
notch  in  the  lip  margin,  to  a  gap  extending  up  into  the  nostril. 

A  rare  form  of  defect  is  that  in  which  a  cleft  extends  upwards  from 
the  lip  through  the  ala  of  the  nose.  It  follows  the  direction  of  the 
fissure  which  separates  the  internal  from  the  external  nasal  process  in 
the  fetus  (olfactory  sulcus),  and  has  been  observed  in  some  cases  to  open 
into  the  lachrymal  canal. 

2.  Coloboma  facialis. — This  defect  is  due  to  permanent  patency  of 
the  cleft  between  the  lateral  nasal  process  and  the  superior  maxillary 
process.     It  traverses  the  lip  by  its  lower  extremity,  at  the  same  level  as 
the  ordinary  hare-lip ;  passing  upwards,  it  curves  around  the  ala  of  the 
nose   and  reaches  the  orbital  cavity,  causing  a  coloboma  of  the  lower 
eyelid.     The  cleft  may  curve,  however,  beneath  the  eyelid,  and  be  con- 
tinued backwards  for  some  little  distance  behind  this. 

3.  Macrostoma,  or  transverse  facial  clef t. — When  present,  this  is  seen  to 
extend  outwards  and  upwards  from  the  angle  of  the  mouth  into  the  cheek. 
It  is  explained  by  the  non-obliteration  of  the  fissure  between  the  superior 
maxillary  process  and  the  mandibular  arch. 

4.  A  median  cleft  of  the  upper  lip  is  extremely  rare.     According  to 
His,  it  is  to  be  explained  by  the  non-fusion  of  the  globular  processes  in  the 
middle  line  (fig.  25).    It  never  extends  above  the  level  of  the  nostrils.    With 
this  defect  the  nose  may  retain,  to  a  large  extent,  its  original  width,  but 
it  fails  to  assume  its  normal  prominent  character,  with  the  result  that  the 
anterior   nares   are   widely  separated,  and   the   overlying   skin  appears 
flattened,  or  even  depressed. 

5.  A  median  cleft  of  the  lower  lip  is  very  rare.     It  may  only  involve 
the  lip  in  the  form  of  a  notch  at  the  centre  of  its  free  border,  or  it  may 
reach  down  to  the  chin.     It  is  explained  by  failure  of  fusion  of  the  two 
halves  of  the  first  branchial  or  mandibular  arch. 


THE  MASSETERIC  AND  PAROTID  REGIONS. 

This  district  lies  behind  the  cheek  proper,  and  includes  the  recess  behind 
the  vertical  ramus  of  the  lower  jaw  which  is  occupied  by  the  parotid  gland. 
The  masseteric  region  is  well  defined  on  all  sides  except  in  front,  but 
its  limit  here  can  be  more  clearly  ascertained  by  closing  the  jaws  tightly, 
when  the  tense  anterior  margin  of  the  muscle  will  be  easily  felt,  and  at 
the  same  time  it  is  often  possible  to  detect  the  parotid  duct  as  a  firm  cord 
rolling  beneath  the  finger  over  the  muscle,  about  half  an  inch  below  the 
zygoma.  Its  general  direction  may  be  indicated  on  the  surface  by  a  line 
connecting  the  lower  border  of  the  external  auditory  meatus  with  a  point 
situated  midway  between  the  ala  of  the  nose  and  the  red  margin  of  the 
per  lip.  The  lower  border  of  the  zygoma  which  limits  the  masseteric 
ion  superiorly  is  readily  palpated,  and  may  be  followed  back  to  the  ear. 
mmediately  in  front  of  the  latter  the  condyle  of  the  lower  jaw  will  be 
It,  and  not  unfrequently  it  can  be  seen  gliding  backwards  and  forwards 
uring  the  movements  of  mastication.  The  superficial  temporal  vessels 
d  the  auriculo-temporal  nerve  cross  the  zygoma  in  the  interval 
tween  the  condyle  and  the  cartilage  of  the  ear.  The  commencement  of 
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the  inferior  dental  canal,  which  transmits  the  inferior  dental  vessels  and 
nerve,  corresponds  to  the  centre  of  a  line  connecting  the  tragus  with  the 
antero-inferior  extremity  of  the  masseter.  In  front  of  this  muscle  also  the 
facial  artery  crosses  the  jaw  and  its  pulsations  may  be  felt,  or  if  necessary 
it  may  be  compressed  against  the  subjacent  bone. 


Ant.  Div.  of  the  Superficial  Temp.  Artery. 
Post.  Div.  of  the  Superficial  Temp.  Artery. 


Auriculo-temporal  Nerve. 

Facial  Nerve. 

Ext.  Carotid  Artery. 

Great  Auricular  Nerve. 
Ext.  Jugular  Vein 


Digastric  and  Stylo-hyoid  Mus< 

Facial  V 
Facial  Art 


les 


Parotid  Duct. 


FIG.  27. — A  dissection  of  the  parotid  and  masseteric  regions,  drawn  from  a  mounted  preparation 
in  the  Anatomical  Department,  Trinity  College,  Dublin.  Observe  the  facial  artery 
and  vein,  the  former  very  tortuous,  the  latter  comparatively  straight,  both  lying  close 
together  where  they  cross  the  jaw  in  front  of  the  masseter.  The  superficial  temporal  artery 
is  seen  dividing  into  its  anterior  and  posterior  superficial  temporal  branches  somewhat  sooner 
than  usual.  The  greater  part  of  the  parotid  gland  has  been  removed,  exposing  the  more 
important  structures  which  traverse  it,  viz. ,  the  facial  nerve  and  its  branches,  the  temporo- 
maxillary  vein,  the  external  carotid  artery  and  its  terminal  branches.  Note  the  level  of  the 
trunk  of  the  facial  nerve  beneath  the  cartilage  of  the  ear  and  behind  the  neck  of  the  lower 
jaw,  and  also  the  numerous  branches  which  are  directed  from  it  to  the  muscles  of  the  face. 

The  appearance  presented  by  the  parotid  region  varies  in  different 
individuals.  In  children  and  young  subjects,  or  in  those  who  possess  much 
fatty  tissue,  it  is  full  and  smoothly  rounded,  but  in  very  thin  persons,  those 
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especially  who  are  emaciated,  the  parotid  gland  having  very  little 
supporting  fatty  tissue  on  its  deep  aspect,  sinks  inwards,  leaving  a 
noticeable  depression  behind  the  jaw. 

The  Parotid  Recess  is  the  space  which  lodges  the  main  part  of  the  parotid  gland.  Its 
boundaries  are  best  seen  when  the  gland  has  been  removed  by  dissection,  and  are  as  follows  :  in 
front,  the  vertical  ramus  of  the  lower  jaw  directed  obliquely  downwards  and  forwards,  covered 
externally  by  the  masseter,  and  internally  by  the  internal  pterygoid  muscle  ;  behind,  the  mastoid 
process  and  the  sterno-mastoid  muscle  ;  above,  where  the  space  is  narrowest,  the  temporo- 
maxillary  joint,  with  the  cartilaginous  and  osseous  portions  of  the  external  auditory  meatus ; 
below,  a  horizontal  line  connecting  the  angle  of  the  jaw  with  the  sterno-mastoid  muscle.  The 
structures  which  constitute  the  deep  relations  of  the  space  are,  the  posterior  belly  of  the  digastric, 
the  styloid  process  and  the  muscles  arising  from  it,  the  external  and  internal  carotid  arteries,  the 
internal  jugular  vein,  the  vagus,  glosso-pharyngeal,  spinal-accessory,  and  hypoglossal  nerves. 

The  Parotid  Gland  is  very  irregular  in  shape,  as,  in  addition  to  filling  the  greater  part  of 
the  parotid  recess,  it  sends  certain  processes  into  the  adjoining  regions.  The  principal  of  these  are 
an  anterior  or  facial  process,  which  tapers  after  the  manner  of  a  wedge  as  it  advances  forwards  over 
the  masseter  muscle.  In  connection  with  it,  a  detached  portion  of  the  gland  called  the  soda 
parotidis  is  sometimes  found  lying  upon  the  masseter  above  Stenson's  duct.  A  cervical  process  is 
usually  present,  and  is  directed  downwards  towards  the  neck  between  the  outer  aspect  of  the  pos- 
terior belly  of  the  digastric  muscle  and  the  deep  cervical  fascia.  A  pharyngeal process  passes  deeply 
inwards  immediately  in  front  of  the  styloid  process,  and  obtains  an  important  relationship  to  the 
pharyngeal  wall  and  tonsil,  a  collection  of  fatty  tissue  intervening.  This  is  well  seen  in  a  frozen 
section  passing  horizontally  through  the  parotid  region  (fig.  30).  A  glenoid  process  occupies  the 
back  part  of  the  glenoid  fossa,  and  a  pterygoid  process,  passing  forwards  in  relation  to  the  deep 
aspect  of  the  internal  pterygoid  muscle,  has  been  described,  but  is  not  always  present.  The 
upper  border  of  the  gland  is  deeply  grooved  where  it  lies  beneath  the  cartilage  of  the  ear,  and 
is  closely  applied  to  the  capsule  of  the  temporo-maxillary  articulation. 

Structures  traversing  the  Parotid  Gland. — The  temporo-maxillary  vein  (fig.  27)  takes  a 
somewhat  superficial  course  as  it  runs  downwards  within  the  gland.  Opposite  the  angle  of  the  jaw 
it  divides  into  two  branches ;  the  anterior  joins  the  facial  to  form  the  common  facial  vein,  the 
posterior  usually  joins  the  posterior  auricular  to  form  the  external  jugular  vein. 

The  external  carotid  artery  is  at  first  deeply  placed,  being  separated  from  the  gland  by  the 
digastric  and  stylo-hyoid  muscles.  Above  these  it  penetrates  the  gland  substance,  and  winding 
backwards  slightly  as  it  ascends,  it  passes  outwards  from  beneath  the  cover  of  the  ramus  of  the 
jaw  and  becomes  gradually  more  superficial.  Where  the  neck  of  the  condyle  joins  the  ramus,  this 
large  vessel  divides  within  the  gland  into  its  terminal  branches,  the  internal  maxillary  and 
superficial  temporal  arteries.  It  is  not  always  enveloped  by  the  gland,  but  may  merely  lie  in 
a  groove  in  its  deep  surface. 

The  following  arteries  also  traverse  the  parotid  gland,  the  occipital  and  posterior  auricular 
branches  of  the  external  carotid  in  the  earlier  part  of  their  course,  the  tympanic  and  deep  auricular 
branches  of  the  internal  maxillary  artery,  the  transverse  facial,  parotid,  and  anterior  auricular 
branches  of  the  superficial  temporal  artery. 

The  facial  nerve  having  emerged  from  the'stylo-mastoid  foramen,  sinks  immediately  into  the 
gland  at  the  level  of  the  cartilaginous  meatus  and  neck  of  the  jaw.  Its  divisions  pierce  the 
gland  and  traverse  it  in  a  radiating  manner.  Within  the  gland  also  the  facial  nerve  crosses  the 
external  carotid  artery  and  the  temporo-maxillary  vein  ;  some  branches,  however,  pass  deeper  than 
the  vein. 

The  auricula-temporal  nerve  having  reached  the  deep  aspect  of  the  temporo-maxillary  joint, 
sinks  into  the  gland  near  its  upper  part,  but  soon  leaves  it  as  it  passes  upwards  to  the  temporal 
region  in  front  of  the  ear. 

Some  branches  of  the  great  auricular  nerve  traverse  the  gland  before  becoming  sub- 
cutaneous. 

A  few  lymphatic  glands  are  embedded  in  the  substance  of  the  parotid,  and  are  for  the  most 
part  placed  superficially  ;  one  of  considerable  size  lies  just  in  front  of  the  tragus.  Occasionally  a 
couple  of  small  glands  are  found  in  the  subcutaneous  tissue  overlying  the  parotid  fascia.  Both 
sets  of  glands  receive  their  lymph  from  the  temporal  region  of  the  scalp,  the  outer  portions  of  the 
eyelids,  the  posterior  part  of  the  cheek,  and  the  outer  part  of  the  ear. 

The  Parotid  Duct  (Stenson's)  has  its  origin  in  two  large  trunks  which  proceed  from  the  upper 
and  lower  segments  of  the  gland.  It  emerges  from  the  anterior  border  of  the  latter  at  the 
junction  of  its  upper  and  middle  thirds,  and  is  directed  forwards  and  slightly  downwards  over  the 
tendinous  portion  of  the  masseter  (fig.  27).  Having  gained  the  anterior  edge  of  this  muscle,  it  bends 
sharply  and  runs  inwards  through  the  fatty  tissue  of  the  cheek,  in  front  of  the  '  sucking  pad,'  and 
having  pierced  the  buccinator  muscle  and  the  mucous  membrane  obliquely,  it  opens  by  an  elliptical 
and  somewhat  constricted  orifice  on  the  inside  of  the  cheek,  at  the  level  of  the  second  upper  molar 
tooth.  The  duct  has  a  thick  wall,  which  gives  it  a  firm  feel.  As  it  crosses  the  masseter  it  is 
joined  by  the  duct  of  the  socia  parotidis  when  this  is  present,  and  its  entire  length  is  about  two 
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and  a  half  inches.  Running  parallel  with  it  on  the  masseter  muscle  are  branches  of  the  facial  nerve 
and  the  transverse  facial  artery  (fig.  27)- 

The  Parotid  Capsule,  which  is  continuous  with  the  deep  cervical  fascia,  completely  sur- 
rounds the  gland  and  sends  processes  into  its  interior,  subdividing  it  into  lobes  and  lobules. 
In  this  respect  the  parotid  differs  from  the  submaxillary  gland,  which  is  loosely  enveloped  by  its 
sheath,  and  can  be  shelled  out  of  the  same  with  the  greatest  ease.  With  the  parotid  such 
a  procedure  is  impossible,  the  gland  tissue  must  be  removed  piecemeal. 

The  capsule  is  strongest  externally.  It  is  attached  above  to  the  zygoma,  and  behind  this  to  the 
cartilage  of  the  external  auditory  meatus.  In  front  it  becomes  thinner,  and  accompanies  Stenson's 
duct  to  the  buccinator,  where  it  fuses  with  the  bucco-pharyngeal  fascia  which  invests  the  posterior 
half  of  the  muscle,  having  previously  crossed  in  front  of  the  '  sucking  pad.''  Behind,  it  is  attached  to 
the  mastoid  process,  and  below  this  it  is  continuous  with  the  sheath  of  the  sterno-mastoid  muscle. 
On  the  deep  aspect  of  the  parotid  the  capsule  is  weak,  especially  where  it  is  unprotected  by  muscles, 
and  it  is  here  one  finds  the  cervical  and  pharyngeal  processes  making  their  way,  viz.,  in  the 
directions  of  least  resistance.  This  is  a  fact  of  considerable  practical  importance  in  connection 
with  the  pathology  of  the  gland.  The  stylo-maxillary  ligament  forms  a  deep  relationship  of 
the  gland,  and  separates  it  from  the  posterior  aspect  of  the  internal  pterygoid  muscle. 

Penetrating  Wounds  in  the  Parotid  Region  are  serious,  not  only 
on  account  of  the  unpleasant  consequences  which  are  likely  to  follow 
injury  of  the  gland  or  its  duct,  but  also  on  account  of  the  great  danger 
attending  a  wound  of  the  important  vessels  and  nerves  which  traverse 
the  gland  or  lie  in  relation  to  its  deep  surface.  Thus,  paralysis  of  certain 
of  the  facial  muscles  will  follow  division  of  one  or  more  branches  of  the 
facial  nerve.  At  the  same  time,  however,  it  is  to  be  noted  that  the  main 
facial  trunk  is  situated  high  up,  opposite  the  neck  of  the  lower  jaw,  and 
that  the  lower  part  of  the  gland  may  be  removed  without  injury  to  the 
nerve  or  those  important  branches  which  proceed  from  it  to  innervate 
the  orbicularis  palpebrarum,  the  most  important  of  the  facial  muscles. 
Should  one  of  the  large  vessels  in  or  beneath  the  gland  be  partially  or 
completely  divided,  the  bleeding  will  be  very  free,  and  may  assume 
alarming  proportions,  and  great  difficulty  will  be  experienced  in  securing 
the  divided  ends,  by  reason  of  the  depth  at  which  they  are  placed.  A 
wound  of  Stenson's  duct  or  of  the  gland  substance  is  invariably  followed 
by  a  salivary  fistula  opening  on  the  cutaneous  aspect  of  the  cheek.  The 
duct  suffers  injury  less  frequently  than  does  the  gland  itself,  and  this, 
no  doubt,  is  largely  due  to  the  protection  afforded  it  by  the  projecting 
malar  bone.  The  nature  of  the  injury,  in  a  case  of  parotid  fistula,  is 
rendered  very  evident  by  the  flow  of  saliva,  which  is  greatly  increased 
during  the  mastication  of  food,  or  by  stimulation  of  the  inside  of  the 
cheek.  In  all  operations,  therefore,  in  the  vicinity  of  the  gland,  such  as 
excision  of  the  lower  jaw,  removal  of  parotid  growths,  or  the  opening  of 
abscesses,  the  utmost  care  should  be  taken  to  avoid  such  an  unpleasant 
complication.  Parotid  fistulae  do  occasionally  close  spontaneously ; 
those,  however,  which  involve  the  duct  invariably  require  operative 
treatment,  the  aim  of  the  latter  being  to  convert  the  external  or 
cutaneous  into  an  internal  or  mucous  fistula,  subsequently  allowing  the 
external  opening  on  the  cheek  to  heal,  or  closing  it  by  a  plastic  operation. 
This  procedure  is  of  course  mainly  applicable  to  the  second  or  buccal 
stage  of  the  duct  which  lies  in  front  of  the  masseter  muscle. 

A  Parotid  Abscess  is  by  no  means  a  rare  pathological  event,  and  is 
preceded  by  an  acute  inflammation  of  the  gland  (parotiditis).  The 
mucous  membrane  of  the  duct,  which  is  continuous  with  that  of  the 
mouth,  is  perhaps  the  most  common  channel  of  infection.  The  abscess 
also  may  be  secondary  to  infective  processes  originating  in  the  extern 
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auditory  meatus,  the  tympanic  cavity,  or  the  temporo-maxillary  joint, 
and  a  retro-pharyngeal  abscess  occasionally  points  in  the  parotid 
region.  The  deep  lympathic  glands  beneath  the  parotid  capsule  are 
prone  to  enlarge  and  suppurate,  in  the  event  of  septic  or  tuber- 
cular infection  being  conveyed  to  them  from  some  neighbouring 
source,  and  not  infrequently  they  have  been  mistaken  for  swellings 
of  the  gland  proper.  As  a  result  of  the  powerful  resistance  offered 
by  the  parotid  fascia  in  these  cases  the  tension  is  very  great,  and 
acute  swellings  of  the  gland  are  accompanied  by  intense  radiating 
pains  in  the  neck  and  head.  For  the  same  reason,  sloughing  of  the 
gland  tissue  sometimes  occurs,  and  an  explanation  is  afforded  of  the 
difficulty  in  detecting  evidence  of  suppuration  by  the  fluctuation  test, 
and  of  the  necessity  for  early  and  free  incision  of  the  abscess  and 
evacuation  of  its  contents.  The  swelling,  too,  interferes  greatly  with  the 
movements  of  the  lower  jaw,  rendering  speech  and  deglutition  difficult. 
In  all  abscesses,  acute  as  well  as  chronic,  the  spread  of  the  suppurative 
process  takes  place  in  the  direction  of  least  resistance,  and  in  this  region 
the  natural  paths  for  the  pus  to  follow  are  forwards^  towards  the  cheek, 
where  the  parotid  fascia  rapidly  diminishes  in  strength,  and  inwards, 
towards  the  pharynx,  where,  as  we  have  already  noticed,  a  process  of  the 
gland  extends.  A  retro-pharyngeal  abscess  may  develop  in  this  way,  and 
the  pus  may  gravitate  behind  the  oesophagus  or  along  the  large  vessels. 
The  abscess,  again,  may  spread  downwards  into  the  neck,  in  the 
direction  of  the  cervical  process  of  the  gland.  A  parotid  abscess 
is  liable  to  discharge  into  the  external  auditory  meatus  or  to  penetrate 
within  the  temporo-maxillary  joint ;  it  may  even  ulcerate  into  one 
of  the  large  vessels,  causing  copious  and  perhaps  fatal  haemorrhage. 
Incisions  in  this  region  should  be  directed  horizontally,  and  as  low  down 
as  possible,  so  as  to  avoid  the  branches  of  the  facial  nerve  and  Stenson's 
duct.  When  the  deep  fascia  is  reached,  it  is  penetrated  by  a  grooved 
director,  and  the  opening  is  subsequently  enlarged  by  introducing  and 
separating  the  blades  of  a  pair  of  sinus  forceps  (Hilton). 

In  consequence  of  the  abrupt  jcurve  which  the  parotid  duct  takes 
around  the  anterior  border  of  the  masseter  muscle,  difficulty  will  be 
experienced  in  passing  a  probe  into  it  unless  the  precaution  be  taken 
everting  the  cheek  and  so  straightening  out  the  duct  (Richet).    Should 
e  latter  be  occluded  by  the  entrance  of  a  foreign  body  into  it  from 
the  mouth,  or  by  the  formation  of  a  salivary  calculus  in  its  interior,  a 
painful  cystic  swelling  will  probably  develop,  from  retention  of  saliva. 

Parotid  Tumours. — A  peculiar  variety  of  tumour  of  a  mixed 
character  is  sometimes  encountered  here.  Its  peculiarity  depends 
upon  the  number  and  the  nature  of  its  constituent  parts,  for  it  may 
contain  cartilage,  gland  tissue,  mucous  tissue,  fibrous  tissue,  and,  less 
frequently,  sarcomatous  tissue.  Occasionally  it  attains  a  very  large 
size,  but  remains  encapsuled  as  a  rule  and  moves  freely  over  the  deeper 
parts,  merely  displacing  the  gland  tissue,  blood-vessels,  and  nerves.  It  is 
of  the  utmost  importance  in  all  cases  of  parotid  tumour  to  ascertain  if  it 
is  encapsuled  and  movable,  or  if  it  is  fixed.  Should  the  latter  be  the  case, 
it  will  afford  a  strong  presumption  that  the  growth  is  of  a  malignant 
nature,  infiltrating  and  replacing  the  normal  gland  tissue,  surrounding 
"  e  vessels  and  nerves,  and  becoming  so  incorporated  with  these  that  its 
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removal  would  be  almost  a  matter  of  impossibility,  quite  apart  from 
the  dangers  attending  the  operation,  taking  into  account  the  many 
important  structures  in  the  neighbourhood.  Rapidly  growing  malignant 
tumours  of  the  parotid  gland  interfere  greatly  with  the  movements  of  the 
jaw ;  they  may  also  compress  and  even  perforate  the  external  auditory 
meatus.  They  tend  to  surround  and  subsequently  to  destroy  the  nerves 
which  traverse  the  gland,  causing,  in  the  earlier  stages,  severe  shooting 
pains,  and  later  on,  anaesthesia  of  the  skin  supplied  by  the  auriculo- 
temporal  nerve,  and  paralysis  of  the  facial  muscles. 


THE  SUPERIOR  MAXILLARY  REGION. 

The  skeleton  of  the  Upper  Facial  Region  is  mainly  composed  of  the 
two  superior  maxillae  which  meet  in  the  middle  line  and  take  the 
largest  share  in  the  moulding  of  the  face.  The  remaining  facial  bones 
are  grouped  around  these  in  such  a  way  that  they  collectively  form  a 
light  framework,  but  one  which,  nevertheless,  possesses  a  very  considerable 
degree  of  strength,  interposed  between  the  fore  part  of  the  basis  cranii 
above  and  the  buccal  cavity  below.  It  is  hollowed  out  into  a  number  of 
symmetrically  arranged  cavities,  of  which  the  nasal  fossae  are  the  most 
capacious  and  occupy  the  central  region.  On  each  side  of  these  are  the 
accessory  nasal  sinuses,  ethmoidal  and  maxillary,  while  above  the 
latter  are  situated  the  capacious  orbital  cavities. 

Notwithstanding  the  fact  that  the  superior  maxilla  is  extensively 
hollowed  out  by  the  maxillary  sinus,  the  walls  of  which  are,  for  the 
most  part,  very  thin,  yet,  at  certain  points,  the  thickness  of  this  bone  is 
greatly  increased,  and  its  connections  with  other  bones  are  arranged  in 
such  a  manner  as  to  endow  it  with  a  very  high  degree  of  resisting 
power.  These  connections  form,  as  it  were,  so  many  supporting 
buttresses,  and  are  disposed  in  such  a  way  as  to  break  up  and 
distribute  the  vibrations  of  shocks  received  from  without.  The  follow- 
ing are  to  be  noted :  (a)  the  nasal  process,  which  articulates  above  by 
a  serrated  suture  with  the  inner  part  of  the  frontal  bone  close  to  the 
middle  line ;  with  it  is  also  connected  another  bar  of  bone,  which  usually 
extends  upwards  from  the  level  of  the  canine  and  first  premolar  tooth  ; 
($)  the  malar  process,  which,  through  its  articulation  with  the  malar  bone,, 
is  brought  into  connection  with  the  external  angular  process  of  the 
frontal  bone  above  and  with  the  temporal  bone  behind,  through  the 
intervention  of  the  zygomatic  arch  ;  (c)  a  strong  bar  of  bone  which 
descends  from  the  malar  process  to  the  alveolar  margin  opposite  the 
second  molar  tooth ;  (d)  the  palate  process,  which  meets  its  fellow  of  the 
opposite  side  in  the  middle  line  ;  and  lastly,  (e)  the  pterygoid  processes  of 
the  sphenoid,  which  give  the  maxillae  material  support  behind.  By  the 
aid  of  these  buttresses  the  upper  jaw  is  capable  of  resisting  shocks  reach- 
ing it  from  different  directions.  The  malar  region  is  very  frequently  the 
seat  of  contusions  more  or  less  severe,  but  the  effects  of  the  force  are 
largely  dissipated  in  the  directions  already  indicated,  viz.,  forwards  along 
the  infra-orbital  margin,  upwards  through  the  external  angular  process, 
backwards  along  the  zygomatic  arch,  and  downwards  to  the  alveolar  arch 
and  the  hard  palate.  Severe  concussion  of  the  brain  may  result  from  sud 
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forms  of  injury  in  consequence  of  the  spread  of  vibrations  to  the  basis 
cranii.  The  pterygoid  processes  exert  a  sort  of  buffer  action  against  the 
effects  of  forces  which  tend  to  drive  the  maxillae  backwards.  The 
strong  rib  of  bone  which  strengthens  the  alveolar  arch  at  the  level  of 
the  second  molar  tooth  is  a  valuable  support  to  the  latter  in  chewing, 
and  it  is  here  that  the  biting  force  of  the  jaws  is  greatest. 

The  Maxillary  Sinus,  or  Antrum  of  Highmore,  is  an  irregularly  shaped  pyramidal  cavity 
in  the  interior  of  the  superior  maxilla.  Its  base,  which  is  directed  inwards,  helps  to  form  the 
outer  wall  of  the  nasal  fossa  (middle  and  inferior  meatuses) ;  it  is  very  thin,  and  usually  presents 
a  well  marked  outward  convexity  in  its  lower  half  (fig.  28).  At  its  upper  and  posterior 
part  is  an  opening,  sometimes  double,  through  which  it  communicates  with  the  infundi- 
bulum  of  the  middle  meatus.  This  basal  wall  of  the  antrum,  too,  separates  the  anterior  part 
of  the  cavity  from  the  bony  canal  which  lodges  the  nasal  duct.  The  apex  of  the  pyramid  is 
•directed  outwards  and  is  formed  by  the  malar  process.  The  roof  is  formed  by  the  thin  orbital 
plate  of  the  maxilla.  Towards  its  anterior  part  is  the  canal  in  which  is  lodged  the  infra-orbital 
nerve,  and  which  sometimes  projects  strongly  into  the  antrum  in  the  form  of  a  rounded 
ridge  (fig.  45).  The  floor  corresponds  to  that  part  of  the  alveolar  arch  which  carries  the  molar 
teeth,  and  to  the  outer  part  of  the  hard  palate.  Its  surface  is  usually  uneven,  and  presents  small 
conical  elevations  which  are  produced  by  the  fangs  of  the  first  and  second  molar  teeth  (fig.  28). 
The  layer  of  bone  over  the  fangs  is  very  thin  and  in  some  cases  is  partially  deficient,  so  that 
membranous  tissue  alone  separates  the  alveolus  from  the  interior  of  the  antrum.  So  long  as  the 
molar  teeth  are  intact,  this  wall  is  strong  and  well  protected,  but  when  the  teeth  have  fallen  out 
it  may  become  very  thin.  The  front  or  antero-external  wall  of  the  antrum  is  formed  by  that 
part  of  the  superior  maxilla  which  corresponds  to  the  canine  fossa  (fig.  29)  ;  it  is  comparatively 
thin,  and  is  overlaid  by  the  tissues  of  the  cheek  and  by  the  mucous  membrane  of  the  mouth. 
Behind,  and  separated  from  this  by  the  malar  process,  is  the  postero-external  wall ;  it  is  related  to 
the  zygomatic  fossa  for  the  greater  part  of  its  extent,  but  more  internally  it  is  placed  in  front  of  the 
spheno-maxillary  fossa,  in  which  are  contained  Meckel's  ganglion  and  its  branches,  together  with 
the  terminal  branches  of  the  internal  maxillary  artery.  The  dimensions  of  the  antrum  vary  ; 
on  an  average  its  vertical  and  antero-posterior  diameters  are  a  little  over  an  inch  ;  it  is  lined 
by  a  thin  mucous  membrane,  and  occasionally  its  interior  is  partially  subdivided  into  a  number 
•of  recesses  by  folds  of  this  membrane  or  by  prominent  bony  ridges. 

Fractures  of  the  Superior  Maxilla  are  not  by  any  means 
common,  in  spite  of  the  fact  that  the  bone  is  quite  superficial  and 
its  walls  thin.  This  circumstance  is  to  be  explained  no  doubt  to 
a  large  extent  by  the  excellent  protection  afforded  it  by  the  malar  bone, 
the  nose  and  the  chin.  A  severe  form  of  injury  is  that  in  which,  in 
consequence  of  a  fall  or  blow  upon  the  malar  bone,  the  zygomatic  arch 
gives  way  and  the  former  is  driven  "into  the  antrum,  the  jaw  at  the  same 
time  probably  being  fissured  extensively.  The  infra-orbital  nerve  is 
liable  to  be  compressed,  lacerated,  or  torn  completely  across,  and 
according  to  the  particular  form  of  injury,  there  may  result  anaesthesia 
of  the  area  of  distribution  of  this  nerve  or  severe  neuralgic  pain.  The 
nasal  process  of  the  maxilla  is  sometimes  fractured  in  conjunction  with 
the  nasal  bone.  The  lachrymal  sac  can  hardly  escape  in  such  a  case.  Its 
wall  will  probably  be  torn,  allowing  emphysema  to  develop  at  the  root 
of  the  nose  and  within  the  eyelids  ;  its  lumen  also  may  be  narrowed  or 
•completely  obstructed,  with  resulting  epiphora.  Fracture  of  the  alveolar 
arch  of  the  bone  is  generally  caused  by  direct  violence,  and  may  be  of 
very  limited  extent,  or  it  may  involve  a  considerable  part  of  the  bone, 
with  perhaps  the  loss  of  several  teeth.  The  superior  maxilla  possesses 
great  reparative  power,  and  fractures  involving  it  quickly  become  con- 
lidated  with  a  minimum  amount  of  callus  formation. 

For  further  details  regarding  the  maxillary  sinus,  the  reader  is 
referred  to  the  account  of  the  accessory  sinuses  of  the  nose  (p.  152  et  seq.). 

Tumours  of  the  Upper  Jaw. — The  course  taken  in   their  growth 
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by  tumours  of  the  upper  jaw  will  be  readily  understood  from  the 
anatomical  relationships  of  this  bone.  Sarcoma  is  probably  the  more 
common  variety  of  malignant  tumour  in  this  region,  but  epitheliomata 
which  have  originated  in  the  hard  palate,  the  gum,  or  the  antrum  may 
also  invade  the  bone.  The  course  of  events,  too,  will  depend  mainly 
upon  the  exact  level  at  which  the  growth  originates,  and  generally 
speaking  one  may  consider  three  possible  sites — (i)  the  outer  or  anterior 
aspect  of  the  maxilla  or  the  adjacent  surface  of  the  malar  bone ;  (2)  the 
interior  of  the  antrum  ;  (3)  the  posterior  aspect  of  the  maxilla  (spJieno- 
maxillary  or  zygomatic  fossa}. 

Levator  Palpebrae  Superioris  M. 
Superior  Rectus  M 

.  Septum^ Orbitale. 
Orbicularis  Palpebrarum  M. 

Inferior  Rectus 


Maxillary  Sinus 


Inferior  Oblique  M. 


Second  Molar  Tooth. 


FIG.  28. — Vertical  section  through  the  orbital  cavity  and  maxillary  sinus  (antrum  of  Highmore). 
The  position  of  the  globe  of  the  eye  is  clearly  shown,  also  its  relations  to  the  closed  lids,  the 
conjunctival  sac,  and  the  post-ocular  contents.  Note  the  fang  of  the  second  upper  molar 
tooth  projecting  into  the  floor  of  the  antrum. 

A  growth  originating  in  front  of  the  maxilla  will  quickly  involve  the 
tissues  of  the  cheek  and  extend  into  the  cavity  of  the  mouth,  or  it  may 
make  its  way  into  the  interior  of  the  bone.  A  tumour  originating  within 
the  antrum  will  lead  to  progressive  enlargement  of  this  cavity  and  thin- 
ning of  its  bony  walls,  the  first  indication  of  which  may  be  detected  in  a 
slight  fulness  of  the  cheek. 

Antral  tumours  tend  to  advance  inwards  through  the  thin  basal  wall 
of  the  cavity  into  the  nasal  fossa  and  may  rapidly  block  its  interior  ; 
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severe  epistaxis  is  often  an  early  symptom  of  such  cases,  and  epiphora 
is  very  apt  to  result  from  compression  of  the  wall  of  the  nasal  duct.  As 
the  superior  dental  nerves  (posterior,  middle,  and  anterior)  present  close 
relationships  to  the  walls  of  the  antrum,  their  compression  by  the  growth 
will  set  up  severe  neuralgic  pain  in  the  upper  teeth.  Evidence  of  exten- 
sion towards  the  orbital  cavity  may  be  manifested  by  neuralgia  affecting 
the  anterior  or  facial  branches  of  the  superior  maxillary  nerve,  but  as 
the  orbital  cavity  is  further  encroached  upon,  the  intra-orbital  structures 
are  displaced,  the  eyeball  protrudes  (exophthalmos),  and  the  individual 
sees  things  double  (diplopia).  In  a  downward  direction  the  palate  and 


Optic  Foramen. 
Sphenoidal  Fissure. 


Site  for  Trephining  the  Frontal  Air  Sinus. 


Spheno-maxillary  Fissure. 
Infra-orbital  Foramen. 


Site  for  Trephining  the  Maxillary  Sinus. 


'. .'.  Upper  Lateral  Cartilage. 
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IG.  29.— The  facial  skeleton  and  the  cartilages  of  the  nose  viewed  from  the  front.     The  frontal 
and  maxillary  sinuses  are  shown  in  the  extent  of  their  relationships  to  the  exterior.     The 
three  heavy  black  lines  indicate  the  sites  at  which  the  bones  are  divided  in  the  so-called 
excision  of  the  upper  jaw." 


Iveolar  margin  become  infiltrated,  the  teeth  loosen  and  fall  out,  and 
yentually  the  growth  projects  into  the  mouth  as  a  fungating  mass. 
Extension  backwards  and  inwards  will  lead  to  blocking  of  the  naso- 
pharynx and  interference  with  respiration  and  deglutition. 

Excision  of  the  Superior  Maxilla  is  usually  undertaken  for  the 
smoval  of  malignant  tumours  of  limited  extent,  involving  the  antrum  or 
:s  immediate  surroundings.  The  operation  may  be  conveniently  divided 
ito  three  stages — (i)  the  incision  through  the  tissues  of  the  cheek  ;  (2) 

bone  sections  ;  (3)  the  removal  of  the  diseased  part. 
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The  Incision  through  the  Cheek. — The  best  incision  is  undoubtedly 
that  associated  with  the  name  of  Fergusson.  It  begins  at  the  side  of  the 
nose  below  the  inner  canthus,  and  is  carried  downwards  around  the  ala 
into  the  nostril  and  down  the  centre  of  the  upper  lip.  Another  incision 
is  made  in  a  horizontal  direction  about  quarter  of  an  inch  below  the  centre 
of  the  infra-orbital  margin,  and  extends  from  the  upper  extremity  of  the 
first  to  a  point  over  the  most  prominent  part  of  the  malar  bone.  The 
flap  thus  mapped  out  is  dissected  up  and  turned  outwards.  The  more 
important  structures  divided  are,  the  infra-orbital  nerve  and  artery  as 
they  emerge  from  the  foramen,  the  angular  artery  and  vein  close  to  the 
point  where  the  vertical  and  horizontal  incisions  meet ;  these  bleed  freely 
but  are  readily  controlled.  The  main  facial  vessels  and  the  transverse 
facial  artery  are  retained  within  the  flap,  and  no  important  branch  of 
the  facial  nerve  is  divided,  consequently  no  damage  is  done  which  might 
lead  to  permanent  disfigurement.  It  is  remarkable,  too,  the  rapidity 
with  which  the  wound  heals,  and  the  resulting  scar  leaves  very  little  trace 
of  its  existence  visible. 

The  Bone  Sections  are  three  in  number,  (i)  The  lateral  nasal  carti- 
lage having  been  separated  from  its  bony  attachments,  the  periosteum 
covering  the  inner  part  of  the  floor  of  the  orbit,  together  with  the  in- 
ferior oblique  muscle,  is  raised  and  the  orbital  contents  gently  drawn 
upwards.  The  nasal  process  of  the  superior  maxilla  is  now  divided  and 
the  upper  extremity  of  the  section  is  prolonged  through  the  lachrymal 
bone  into  the  floor  of  the  orbit  between  the  orbital  plate  of  the  maxilla 
and  the  ethmoid,  and  backwards  to  the  inner  extremity  of  the  spheno- 
maxillary  fissure  (fig.  29).  (2)  Another  bone  section  is  made  through 
the  malar  bone  in  the  vicinity  of  the  malo-maxillary  articulation  to  meet 
the  anterior  extremity  of  the  spheno-maxillary  fissure.  It  can  be 
very  readily  performed  with  Gigli's  wire-saw  carried  into  the  fissure 
and  made  to  cut  outwards.  (3)  The  third  section  is  made  through  the 
alveolar  process  and  hard  palate,  close  up  to  the  nasal  septum.  Before 
doing  so,  the  tissues  of  the  hard  palate  are  incised  from  behind  forwards 
along  the  line  of  bone  section,  and  another  incision  is  carried  outwards  on 
the  same  side,  separating  the  attachments  of  the  soft  to  the  hard  palate. 

The  removal  of  the  diseased  part  is  effected  by  forcibly  depress- 
ing the  maxilla  with  the  aid  of  stout  lion  forceps,  followed  by  quick 
rotatory  movements  from  side  to  side.  At  this  stage  it  will  be  necessary 
to  divide  the  infra-orbital  nerve  a  second  time,  far  back,  viz.,  in  the 
spheno-maxillary  fossa.  The  lower  part  of  the  pterygoid  plates  and 
tuberosity  of  the  palate  bone  usually  break,  and  some  fibres  of  the 
internal  and  external  pterygoid  muscles  attached  to  them  must  be 
divided.  Some  of  the  terminal  branches  of  the  internal  maxillary  artery 
— infra-orbital,  spheno-palatine,  descending  palatine — are  torn  across  and 
may  bleed  freely.  The  large  gap  which  is  left  brings  the  nasal  and 
buccal  cavities  into  direct  communication. 

It  will  be  obvious  to  the  reader  that  the  operation  is  incorrectly  called 
'  excision  of  the  superior  maxilla.'  The  part  taken  away  includes,  no  doubt, 
the  greater  part  of  this  bone,  but  in  addition  the  inferior  turbinated, 
portions  of  the  malar,  lachrymal,  ethmoid,  and  palate  bones,  and  the 
pterygoid  plates  of  the  sphenoid  are  also  wrenched  away. 

In  consequence  of  the  free  haemorrhage  which  attends  this  operation, 
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Kocher  recommends  the  preliminary  ligature  of  the  external  carotid 
artery. 

Whenever  possible,  a  less  extensive  operation  than  that  just  described 
is  advisable :  more  especially  does  this  apply  to  the  preservation  of  the 
floor  of  the  orbit.  When  this  is  extensively  removed,  the  eyeball,  being 
deprived  of  support,  sinks  downwards,  and  double  vision  of  a  distressing 
nature  is  the  result. 

An  attempt  is  sometimes  made  to  shut  off  the  nasal  fossa  from  the 
cavity  of  the  mouth  by  dissecting  up  and  preserving  the  soft  coverings 
of  the  hard  palate.  When  the  bone  is  removed  the  flap  formed  by  these 
tissues  is  connected  by  sutures  to  the  divided  mucous  membrane  upon 
the  inner  aspect  of  the  cheek. 

THE  SUPERIOR  MAXILLARY  NERVE  AND  MECKEL'S  GANGLION. 
— The  Superior  Maxillary  Nerve,  starting  from  the  Gasserian  ganglion,  has  an  intracranial 
course  of  little  more  than  half  an  inch.  It  then  traverses  the  foramen  rotundum  and  crosses 
the  upper  part  of  the  spheno-maxillary  fossa.  It  now  passes  through  the  spheno-maxillary  fissure 
into  the  orbital  cavity  lying  in  the  infra-orbital  groove ;  further  forwards  it  occupies  the  infra- 
orbital  canal  and  is  accompanied  by  the  infra-orbital  artery.  At  its  point  of  emergence  from 
the  canal  it  is  situated  about  quarter  of  an  inch  below  the  infra-orbital  margin,  under  cover  of  the 
levator  labii  superioris  muscle,  and  forms  a  plexus  with  the  infra-orbital  branches  of  the  facial 
nerve.  Its  terminal  branches  are  entirely  sensory,  and  are  distributed  to  the  lower  eyelid,  the  side 
of  the  nose,  the  anterior  region  of  the  cheek,  and  the  upper  lip.  In  the  spheno-maxillary  fossa 
its  branches  are  the  temporo-malar  or  orbital  nerve,  the  spheno-palatine  nerves,  the  posterior 
superior  dental  nerves. 

The  orbital  nerve  divides  into  two  branches,  temporal  and  malar,  the  distribution  of  which 
has  been  indicated  already  in  the  account  given  of  the  sensory  nerves  of  the  face  (p.  76). 
The  spheno-palatine  nerves,  two  in  number,  descend  to  Meckel's  ganglion. 
The  posterior  superior  dental  nerves  are  usually  two  in  number  also.    They  enter  foramina  in 
the  superior  maxilla,  and  their  terminal  filaments  are  distributed  to  the  fangs  of  the  molar  teeth  ; 
they  also  give  some  sensory  twigs  to  the  gums  and  mucous  membrane  of  the  maxillary  sinus. 

In  the  infra-orbital  canal  the  branches  of  the  superior  maxillary  nerve  are  the  middle  and 
the  anterior  superior  dental  nerves.  These  traverse  minute  canals  in  the  bone,  and  supply  the 
incisor,  canine,  and  bicuspid  teeth,  as  well  as  the  anterior  region  of  the  gums.  The  middle 
dental  nerve  has  its  origin  at  the  posterior  part  of  the  infra-orbital  canal,  and  the  anterior  dental 
nerve  near  the  infra-orbital  foramen. 

Meckel's  Ganglion  is  situated  in  the  spheno-maxillary  fossa,  in  close  relationship  with 
ie  terminal  branches  of  the  internal  maxillary  artery.  The  superior  maxillary  nerve  lies  above 
and  sends  it  two  branches.  The  ganglion  is  related  behind  to  the  root  of  the  pterygoid  pro- 
to  its  inner  side  is  the  vertical  plate  of  the  palate  bone  and  the  spheno-palatine  foramen  ; 
ernally  its  relations  are  the  termination  of  tBe  internal  maxillary  artery,  the  external  pterygoid 
scle,  and  the  pterygo-maxillary  fissure,  through  which  the  spheno-maxillary  and  pterygo-maxil- 
fossae  communicate.  On  its  posterior  aspect  the  ganglion  is  joined  by  the  Vidian  nerve.  The 
owing  are  its  branches  : — (a)  ascending  or  orbital :  these  are  directed  beneath  the  periosteum 
the  inner  wall  of  the  orbit,  which  they  pierce,  and  supply  the  mucous  membrane  of  the 
icnoidal  sinus  and  the  posterior  ethmoidal  cells  ;  (b)  internal :  these  pass  through  the  spheno- 
atine  foramen  into  the  nose,  and  are  distributed  partly  to  the  outer  wall  of  the  fossa  and 
.rtly  to  the  septum  ;  some  pass  backwards  through  the  pterygo-palatine  canal  and  are  distributed 
to  the  mucous  membrane  in  the  naso-pharynx  ;  (c)  descending  :  these  are  the  three  palatine 
nerves,  and  are  named  anterior,  posterior,  and  external.  The  great  or  anterior  palatine  nerve 
descends  through  the  palato-maxillary  canal,  and  then  runs  forwards  and  inwards  in  a  deep 
groove  in  the  hard  palate,  with  the  posterior  palatine  artery  (see  Palate).  The  posterior  or  small 
palatine  nerve  traverses  the  accessory  palatine  canal,  and  supplies  the  soft  palate  and  the 
posterior  arch  of  the  fauces.  The.  external  palatine  nerve  traverses  the  external  palatine  canal  and 
ipplies  filaments  to  the  tonsil  and  adjacent  part  of  the  palate. 


The  Surgery  of  the  Superior  Maxillary  Nerve. — Severe  neuralgia 
affecting  the  superior  maxillary  nerve  or  certain  of  its  branches  not 
infrequently  demands  operative  treatment  for  its  relief.  The  infra- 
orbital  nerve  may  be  reached  by  a  slightly  curved  incision  directed 
transversely  about  a  quarter  of  an  inch  beneath  the  lower  orbital  margin, 
the  structures  which  are  of  necessity  divided  being  the  skin,  the  sub- 
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cutaneous  tissue,  the  orbicularis  palpebrarum,  and  the  levator  labii 
superioris  muscles.  When  the  incision  has  been  deepened  to  a  certain 
extent  no  difficulty  will  be  experienced  in  recognising  by  touch  the 
foramen  through  which  the  nerve  and  its  companion  artery  emerge. 
This  operation,  however,  is  liable  to  be  unsatisfactory,  as  it  fails  to  reach 
the  branches  of  the  nerve  distributed  to  the  teeth,  in  which  the  pain  is 
very  often  most  intense.  To  secure  these,  the  nerve  must  be  divided  or 
partially  resected  further  back.  This  may  be  done  by  exposing  it  at 
its  exit  from  the  infra-orbital  foramen  as  before.  The  periosteum 
is  then  separated  from  the  floor  of  the  orbit,  and  the  orbital  con- 
tents are  drawn  very  gently  upwards  by  means  of  a  retractor.  The 
bony  roof  of  the  infra-orbital  canal  is  next  removed  with  a  chisel, 
the  nerve  is  lifted  out  of  its  groove  with  a  blunt  hook,  and  is  subse- 
quently divided  as  far  back  as  possible.  It  is  by  no  means  an  easy 
matter  to  gain  free  access  to  the  nerve  in  this  way,  owing  to  the 
rapidly  narrowing  dimensions  of  the  orbital  cavity,  and  for  this  reason 
also  the  middle  superior  dental  nerve,  which  leaves  the  parent  stem  near 
the  commencement  of  the  infra-orbital  groove,  will  probably  escape 
division.  The  necessary  manipulations  in  such  a  confined  space  may 
inflict  serious  damage  upon  the  orbital  contents,  and  the  bleeding  from 
the  infra-orbital  artery  is  sometimes  troublesome.  It  is  in  consideration 
of  these  drawbacks  that  the  more  extensive  operation,  involving  not  only 
removal  of  the  greater  part  of  the  superior  maxillary  nerve  but  also  of 
Meckel's  ganglion,  is  sometimes  practised.  It  is  called  Carnochan's 
operation,  after  the  American  surgeon  who  introduced  it.  A  T-shaped 
incision  is  made  below  the  infra-orbital  margin,  two  small  flaps  are 
raised  and  the  nerve  exposed.  By  means  of  a  half-inch  trephine  a  portion 
of  the  anterior  wall  of  the  maxillary  sinus,  including  the  infra-orbital 
foramen,  is  removed.  The  floor  of  the  infra-orbital  canal  is  now  chipped 
away  with  a  chisel,  and  another  circle  of  bone  removed  with  the  trephine 
from  the  posterior  wall  of  the  sinus  near  its  roof.  The  spheno-maxillary 
fossa  being  now  exposed,  the  nerve  is  forcibly  drawn  forwards  and 
divided  as  near  to  the  foramen  rotundum  as  possible,  after  which  it  is 
freed  from  its  remaining  connections.  The  distance  between  the  infra- 
orbital  foramen  and  the  foramen  rotundum  is  on  an  average  one  and 
three-quarter  inches.  The  difficulties  of  this  operation  depend  mainly 
upon  the  confined  limits  of  the  space  in  which  it  is  carried  out,  and  also 
upon  the  free  haemorrhage  which  proceeds  from  the  terminal  branches  of 
the  internal  maxillary  artery. 

THE    LOWER  JAW   AND 
THE   TEMPORO-MAXILLARY   ARTICULATION. 

The  Temporo-maxillary  Articulation  is  of  the  ginglymus  or  hinge  variety.  The  condyle 
of  the  lower  jaw  is  received  within  the  anterior  part  of  the  glenoid  fossa,  between  the  bones, 
however,  there  is  interposed  a  plate  of  fibro-cartilage.  These  parts  will  now  be  considered 
seriatim, 

The  preglaserian  portion  of  the  glenoid  fossa  is  somewhat  obliquely  directed  from 
without  inwards  and  backwards,  and  is  separated  from  the  middle  cranial  fossa  by  a  very  thin 
plate  of  bone.  The  eminentia  articularis  in  front  separates  it  from  the  zygomatic  fossa, 
and  presents,  at  its  outer  part,  a  tubercle,  to  which  is  attached  the  external  lateral  ligament  of  the 
joint  (fig.  3).  The  Glaserian  fissure  separates  the  anterior  or  articular  part  of  the  glenoid  fossa 
from  the  posterior  or  non-articular  part  which  bounds  the  external  auditory  meatus  in  front. 
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Internally,  the  fossa  is  related  to  the  spine  of  the  sphenoid,  while  still  more  internally  and 
posteriorly  it  has  a  close  relationship  with  the  middle  ear.  The  shape  of  the  glenoid  fossa  varies 
with  age,  depending  mainly  upon  the  degree  of  development  of  the  bony  meatus  and  zygomatic 
arch.  In  foetal  life  it  is  flat,  and  remains  shallow  during  infancy. 

The  Condyle  of  the  Lower  Jaw  has  its  long  axis  also  directed  from  without  inwards  and 
backwards.  Externally,  it  presents  the  external  condylar  tubercle,  which  can  usually  be  seen 
and  felt  in  the  living  subject.  Internally,  it  is  also  limited  by  a  tubercle,  beneath  which  there 
is  a  pit  in  the  neck  of  the  bone  for  the  insertion  of  the  external  pterygoid  muscle. 

The  Interarticular  Fibro-cartilage  is  somewhat  obliquely  placed,  so  that  its  surfaces 
are  antero-superior  and  postero-inferior.  It  is  concave  below  where  it  caps  the  condyle,  but 
above  it  is  concavo-convex,  so  as  to  correspond  with  the  eminentia  articularis  and  the  glenoid 
fossa.  Its  surfaces  limit  two  separate  synovial  cavities,  but  occasionally,  when  the  cartilage  is 
perforated,  these  communicate.  The  margins  of  the  cartilage  are  connected  with  the  capsular 
ligament,  in  addition  to  which  it  receives,  in  front,  part  of  the  insertion  of  the  external  pterygoid 
muscle.  At  the  sides  it  is  very  intimately  connected  with  the  outer  and  inner  condylar  tubercles. 
It  possesses  a  certain  range  of  mobility,  especially  in  an  antero- posterior  direction,  which 
enables  it  to  glide  forwards  and  backwards  with  the  condyle  of  the  jaw,  as  the  mouth  is  alter- 
nately opened  and  closed. 

The  Capsule  narrows  gradually  from  above  downwards,  and  is  therefore  somewhat  conical 
in  shape.  It  is  attached  above  and  in  front  to  the  anterior  margin  of  the  eminentia  articularis, 
to  the  bottom  of  the  glenoid  fossa  behind,  to  the  zygomatic  tubercle  externally,  and  to  the  outer 
aspect  of  the  sphenoidal  spine  internally.  Below,  it  is  attached  around  the  neck  of  the  jaw, 
close  to  the  articular  margin.  With  the  exception  of  its  outer  part,  which  receives  the  special 
name  of  external  lateral  ligament,  it  is  weak,  and  this  is  particularly  the  case  in  front.  The 
external  lateral  ligament  is  directed  obliquely  downwards  and  backwards  from  the  zygomatic 
tubercle  to  the  condyle,  and  affords  a  powerful  obstacle  to  backward  displacement  of  the  jaw. 

Three  other  ligaments,  not  in  immediate  contact  with  the  joint,  may  be  looked  upon  as 
accessory  or  para-articular  ligaments. 

(1)  The  Spheno-maxillary,  or  the  so-called  '  internal  lateral  ligament  ? is  attached  above  to 
the  spine  of  the  sphenoid  and  to  the  Glaserian  fissure,  below  to  the  lingula  and  to  the  inner 
aspect  of  the  ascending  ramus  of  the  jaw.     It  forms  a  thin  band-like  structure,  but  is  separated 
from  the  neck  of  the  jaw  by  an  interval,  containing  the  first  stage  of  the  internal  maxillary 
artery,  the  internal  maxillary  vein,  the  inferior  dental  vessels  and  nerve,  the  auriculo-temporal 
nerve,  and  the  external  pterygoid  muscle. 

(2)  The  Stylo-maxillary  Ligament  is  directed  from   near  the  summit  of  the  styloid 
process  downwards,  forwards,  and  outwards  to  the  angle  of  the  jaw,  and  is  usually  regarded 
as  a  process  of  the  deep  cervical  fascia. 

(3)  The  Pterygo- maxillary  Ligament  extends  from  the  hamular  process  of  the  sphenoid 
bone  to  the  base  of  the   lingula,  viz.,  where  this  meets  with  the  posterior  extremity  of  the 
mylo-hyoid  ridge.     It  gives  attachment  in  front  to  the  buccinator  muscle,  and  behind  this  to  the 

perior  constrictor  of  the  pharynx. 

Movements  taking  place  at  the  temporo-maxillary  joint. — In  the  movements  of 
pression  and  elevation  the  lower  jaw  does  not  move  upon  a  transverse  axis  directed  through 
,e  condyles,  but  upon  one  which  passes  on  each  side  through  the  centre  of  the  ramus,  or  just 
low  and  behind  the  lingula.  Accordingly,  wnen  the  jaw  is  depressed,  the  condyle  on  each  side 
ioves  downwards  and  forwards,  and  approaches  the  under  aspect  of  the  eminentia  articularis  ; 
ie  angle  of  the  jaw  at  the  same  time  moves  upwards  and  backwards.  When  the  jaw  is  elevated, 
condyle  slips  back  again  into  the  glenoid  fossa.  In  the  execution,  therefore,  of  these  move- 
:nts,  there  is  a  combination  of  a  hinge  and  gliding  movement  ;  the  condyle  hinges  on  the  lower 
;ct  of  the  cartilage,  while  the  cartilage  with  the  condyle  glides  forwards  upon  the  eminentia 
icularis,  but  not  quite  to  its  summit. 
The  muscles  concerned  in  these  movements  are — 

Depressors. — The   anterior   belly  of  the  digastric,  the  mylo-hyoid,  the  genio-hyoid,    the 
io-hyo-glossus,  and  the  platysma. 

Elevators. — The  temporal,  the  masseter,  and  the  internal  pterygoid  muscles. 
The  lower  jaw  may  also  be  protruded  or  retracted.  With  these  movements  the  condyles, 
ith  the  fibro-cartilages,  glide  forwards  and  backwards  in  a  horizontal  direction.  The  forward 
ivement  is  produced  mainly  by  the  external  pterygoid  muscle,  assisted  by  the  superficial  portion 
the  masseter  and  by  the  internal  pterygoid  on  each  side.  Retraction  of  the  jaw  is  effected  by 
the  posterior  part  of  the  temporal  muscle  and  by  the  deep  part  of  the  masseter.  The  movements 
of  the  jaw  from  side  to  side  are  brought  about  by  the  external  and  internal  pterygoid  muscles  on 
each  side,  acting  alternately  ;  this  sort  of  motion  gives  to  the  teeth  a  grinding  action,  which  is 
necessary  for  the  proper  mastication  of  the  food. 

Dislocation  of  the  Jaw. — A  glance  at  the  bony  relations  of  the 
temporo-maxillary  joint  will  show  the  impossibility  of  a  true  dislocation 
taking  place  in  any  direction  except  forwards.  When  the  condyle  is 


92  APPLIED  ANATOMY 

displaced  in  other  directions  there  is  usually  a  co-existing  fracture  of  the 
jaw.  Dislocation  of  one  or  both  condyles  forwards  is  nearly  in  all  cases 
the  result  of  a  convulsive  or  involuntary  muscular  effort  on  the  part 
•of  the  external  pterygoid  muscles  when  the  lower  jaw  is  fully  depressed, 
as  in  yawning.  The  anterior  part  of  the  capsule  tears,  and  the  condyle 
with  the  fibro-cartilage  is  drawn  forwards  beneath  the  eminentia 
articularis  into  the  zygomatic  fossa.  The  contraction  of  the  elevator 
muscles  now  comes  into  play,  with  the  result  that  the  angle  of  the  jaw 
is  further  drawn  upwards  and  backwards  and  the  condyle  thrust  for- 
wards, aggravating  the  displacement.  This  action  of  the  elevators  should 
be  remembered  when  attempting  reduction.  The  condyle  must  first  be 
disengaged  by  a  downward  and  backward  pressure  against  the  molar  teeth, 
and  then  by  a  sudden  upward  movement  at  the  symphysis  the  condyle 
is  made  to  slip  back  beneath  the  eminentia  articularis  to  its  normal  site. 

In  children  and  elderly  people  the  ascending  ramus  is  directed 
obliquely  backwards,  and  consequently  forward  dislocation  of  the  jaw 
at  the  extremes  of  life  is  not  common.  With  dislocation  there  is  always 
very  acute  pain,  and  this  may  probably  be  accounted  for  by  the  forcible 
stretching  of  the  auriculo-temporal  nerve  which  lies  in  close  proximity 
to  the  inner  aspect  of  the  capsule. 

As  the  result  of  falls  or  blows  upon  the  chin,  the  condyle  has  been 
driven  upwards  through  the  bottom  of  the  glenoid  fossa,  where  the  bone 
is  very  thin,  into  the  interior  of  the  cranium  ;  it  has  also  been  known  to 
enter  the  external  auditory  meatus  through  a  fracture  of  its  anterior  wall. 

Arthritis  of  the  Temporo-maxillary  Joint. — Suppurative  inflamma- 
tion may  reach  the  joint  from  the  surrounding  parts,  namely,  the 
parotid  gland,  the  middle  ear,  the  external  auditory  meatus,  or  even  from 
the  jaw  itself,  and  is  accompanied  by  very  acute  local  pain,  which  is  re- 
flected along  the  auriculo-temporal  nerve  to  the  ear  and  temporal  region. 
The  elevator  muscles  of  the  jaw  which  are  supplied  by  the  motor 
division  of  the  fifth  nerve  are  thrown  into  a  state  of  reflex  spasmodic 
•contraction,  and  help  to  keep  the  inflamed  joint  in  a  state  of  rest.  If 
an  abscess  forms  it  will  escape  where  the  capsule  of  the  joint  is  weakest, 
and  that  is  in  front. 

With  advanced  chronic  rheumatic  arthritis,  the  joint  will  be  found  to 
have  undergone  very  marked  changes ;  thus  the  condyle  may  become 
markedly  hypertrophied,  less  frequently  it  atrophies,  the  glenoid  fossa 
flattens  out,  the  eminentia  articularis  disappears,  as  does  also  the  inter- 
articular  fibro-cartilage.  These  changes  may  permit  of  an  unusually  free 
range  of  movement,  but  on  the  other  hand  movement  may  be  consider- 
ably limited  as  the  result  of  an  excessive  osteophytic  growth  at  the 
margins  of  the  articulation. 

Ankylosis. — Permanent  ankylosis  of  this  joint  is  a  very  serious 
condition,  seeing  how  it  may  interfere  with  the  taking  of  food,  with 
speaking,  and  with  respiration.  Particles  of  food  tend  to  remain  within 
the  mouth  and  decompose^  and  further  there  is  the  danger  of  suffoca- 
tion taking  place  during  an  attack  of  vomiting.  Fixity  of  the  jaw  of  a 
temporary  character,  due  to  spasm  of  the  muscles  of  mastication  (trismus), 
is  not  uncommon,  and  can  sometimes  be  traced  as  a  reflex  phenom- 
enon from  the  irritation  set  up  by  the  eruption  of  a  wisdom  tooth. 
Tonic  spasm  of  these  muscles  is  also  a  characteristic  feature  of  tetanus. 
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A  highly  aggravated  form  of  ankylosis  is  that  in  which  the  limitation  of 
movement  is  caused  by  intrabuccal  cicatrices,  the  result  of  a  previous 
destructive  ulceration  of  the  cheek.  Lastly,  the  ankylosis  may  be 
articular  ^.nd  have  its  origin  in  a  previous  arthritis,  in  which  destruction  of 
the  articular  cartilages  has  been  succeeded  by  direct  fusion  of  the  exposed 
bony  surfaces  (true  ankylosis),  or  by  their  indirect  union  through  the 
medium  of  fibrous  bands  (false  ankylosis). 

Excision  of  the  Temporo-maxillary  Joint  involves  the  resection  of 
the  condyle  of  the  lower  jaw,  and  is  sometimes  required  in  cases  of 
arthritic  ankylosis.  In  order  as  far  as  possible  to  avoid  injury  to  the 
branches  of  the  facial  nerve,  Kocher  recommends  the  skin  incision  to  be 
made  along  the  upper  margin  of  the  zygoma  near  its  posterior  part,  and 
with  a  slight  upward  curve  in  front  of  the  ear,  the  superficial  temporal 
vessels  and  the  auriculo-temporal  nerve  being  of  necessity  divided. 
The  skin  and  fascia  are  drawn  downwards,  and  when  the  deep  fascia  is 
cut  at  the  lower  margin  of  the  zygoma,  the  branches  of  the  facial  nerve 
and  the  upper  portion  of  the  parotid  gland  are  carefully  separated  and 
turned  aside.  The  posterior  fibres  of  the  masseter  are  also  separated 
from  the  bone  in  order  to  expose  the  condyle  more  fully.  The  neck  of 
the  jaw  is  then  sawn  or  chiselled  across  and  removed.  In  doing  so, 
the  close  proximity  of  the  internal  maxillary  artery  to  its  deep  aspect 
must  not  be  forgotten. 

Fracture  of  the  Lower  Jaw  is  not  very  common,  and  this  perhaps 
is  largely  the  result  of  its  density,  of  its  mobility,  and  of  the  free 
mobility  also  of  the  head  upon  the  vertebral  column.  The  most 
usual  fracture  is  situated  in  the  body  of  the  bone  near  its  anterior 
part,  where  it  is  weakened  by  the  deep  socket  for  the  canine  tooth. 
Not  infrequently  the  fracture  is  situated  between  this  tooth  and  the 
lateral  incisor.  The  force  which  causes  it  is  direct  as  a  rule ;  however, 
it  may  be  indirect,  as  in  those  cases  where  the  bone  breaks  near  the 
fmphysis  from  a  force  which  tends  to  approximate  its  angles.  In  many 
ises  the  resulting  displacement  is  nil,  or  there  may  be  merely  a  slight 
ilteration  in  the  horizontal  level  of  the  teeth.  When  the  fracture  traverses 
ic  bone  obliquely,  the  broken  ends  have  a  tendency  sometimes  to 
jverride  each  other,  and  it  is  usually  observed  that  the  anterior 
Vagment  is  drawn  downwards  and  backwards  to  the  inner  side  of 
ic  posterior  fragment  by  the  depressor  muscles  of  the  jaw,  while  the 
Dsterior  fragment  is  drawn  upwards  and  outwards  by  the  elevator 
mscles.  Sometimes  there  is  a  double  fracture  involving  the  bone  on 
ich  side  of  the  symphysis.  This  may  prove  serious,  not  only  on 
iccount  of  the  difficulty  attending  its  treatment,  but  also  in  consequence 
)f  the  tendency  there  is  for  the  median  fragment  to  be  drawn  downwards 
md  backwards  by  the  depressor  muscles,  allowing  the  tongue  to  fall 
ick  and  threaten  suffocation. 

Fractures  of  the  body  of  the  bone  are  in  nearly  all  cases  compound, 
)wing  to  tearing  of  the  thin  and  adherent  tissue  of  the  gums  which 
)vers  the  alveolar  margins,  and  suppurative  complications  of  a  trouble- 
>me  nature  are  very  apt  to  supervene.    Abscesses  not  infrequently  form 
the  vicinity  of  the  fracture,  the  pus  making  its  way  subsequently  into 
the   mouth,  but  sometimes  the  abscess  burrows  into  the  submaxillary 
5gion  and  discharges  externally  through  one  or  more  sinuses  open- 
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ing  on  the  neck.  Contrary  to  what  might  be  expected,  the  inferior 
dental  nerve  is  not  usually  torn,  but  its  area  of  distribution  may 
be  the  seat  of  acute  neuralgic  pain  ;  in  some  few  cases  it  has  been 
found  anaesthetic,  at  least  temporarily.  Fracture  of  the  vertical  ramus, 
coronoid  process,  or  neck  of  the  bone  is  rare.  When  the  ramus  is  fractured 
the  fragments  are  kept  in  good  apposition  by  the  internal  pterygoid  and 
masseter  muscles  which  surround  it,  and  consequently  no  displacement 
is  to  be  detected. 

Tumours  of  the  Lower  Jaw  present  considerable  variability  in  their 
structure  and  mode  of  origin.  Some  originate  in  connection  with  the 
teeth,  as  the  dentigerous  cysts  and  the  odontomes.  The  latter  arise  by  a 
hyperdevelopment  of  the  elementary  dental  tissues ;  they  always  appear 
during  the  development  of  the  teeth  in  young  subjects,  and  usually 
in  connection  with  the  permanent  teeth  of  the  lower  jaw.  Other 
growths  may  arise  independently  of  the  teeth,  from  the  bone,  gums,  or 
periosteum,  and  include  osteomata,  fibromata,  sarcomata,  enchondromata, 
and  epitheliomata. 

Delay  in  operation  for  malignant  disease  of  this  bone  is  dangerous, 
considering  the  tendency  it  has  to  implicate  the  numerous  important 
structures  contained  within  the  surrounding  regions,  viz.,  zygomatic, 
parotid,  submaxillary. 

Blood-vessels  in  relation  to  the  Lower  Jaw. — i.  The  facial  artery in  its  cervical  stage 
having  emerged  from  the  submaxillary  gland,  takes  a  well  marked  bend  close  beneath  the  angle 
of  the  jaw,  and  runs  horizontally  forwards  for  a  short  distance  before  it  crosses  the  bone  in  front 
of  the  masseter  muscle  (fig.  31). 

2.  The  submental  branch  of  the  facial  artery  sends  one  of  its  terminal  twigs  over  the  jaw, 
near  the  symphysis,  to  reach  the  tissues  of  the  chin,  where  it  anastomoses  with  the  inferior 
labial  and  mental  arteries  (fig.  58). 

3.  The  external  carotid  artery,  as  it  ascends,  lies  in  close  relationship  with  the  inner  aspect 
of  the  ascending  ramus  and   neck  of  the  jaw,  behind  which  it  divides   into  its  two  terminal 
branches,  the  internal  maxillary  and  the  superficial  temporal  arteries.    The  former  passes  forwards 
beneath  the  neck  of  the  jaw,  between  it  and  the  internal  lateral  ligament.     The  superficial  tem- 
poral artery,  after  its  origin,  gradually  approaches  the  surface,  and  in  doing  so  it  lies  between  the 
condyle  of  the  jaw  and  the  external  auditory  meatus,  and  crosses  over  the  root  of  the  zygoma 
(fig.  27). 

4.  The  transverse  facial  artery,  a  branch  of  the  superficial  temporal,  lies  in  relation  to  the 
outer  aspect  of  the  neck  of  the  jaw  as  it  advances  forwards  upon  the  face. 

5.  The  inferior  dental  artery,  a  branch  of  the  internal  maxillary,  enters  the  inferior  dental 
canal  in  company  with  the  nerve  of  the  same  name  (fig.  31).     Its  terminal  or  mental  branch 
emerges  on  the  face  at  the  mental  foramen.     Its  mylo-hyoid  branch,  which  is  a  vessel  of  small 
size,  lies  in  a  groove  on  the  deep  aspect  of  the  ramus. 

6.  The  masseteric  artery,  also  a  branch  of  the  internal  maxillary,  is  accompanied  by  the 
masseteric  nerve.     They  are  both  directed  outwards  through  the  sigmoid  notch  and  sink  into  the 
deep  aspect  of  the  masseter  muscle. 

Excision  of  the  Lower  Jaw. — In  the  removal  of  one-half  of  the  bone 
the  steps  of  the  operation  are  briefly  as  follows  : — 

(i)  A  vertical  incision  is  carried  down  through  the  middle  of  the  lower 
lip,  and  is  made  to  terminate  beyond  the  lower  border  of  the  sym- 
physis.  Another  incision  is  directed  horizontally  beneath  the  jaw  to  its 
angle,  opposite  which  it  turns  upwards  to  reach  its  termination 
opposite  the  lobule  of  the  ear,  and  in  this  part  of  its  course  its  depth 
should  not  exceed  that  of  the  parotid  fascia.  (2)  The  soft  tissues 
are  reflected  from  the  outer  aspect  of  the  bone,  the  periosteum 
being  usually  included,  except  in  cases  of  malignant  disease. 
The  jaw  is  divided  at  one  side  of  the  symphysis.  (4)  Having  sepa- 
rated the  inner  attachments  of  the  bone  as  far  back  as  the  insertion 
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of  the  internal  pterygoid  muscle,  it  is  forcibly  depressed,  and  (5)  the 
tendon  of  the  temporal  muscle  is  divided  close  to  its  insertion  into  the 
coronoid  process.  (6)  The  condyle  is  separated  from  its  connections 
with  the  capsule  of  the  joint  and  the  external  pterygoid  muscle,  this  last 
step  being  effected  for  the  most  part  by  a  twisting  movement.  The 
following  are  the  principal  structures  divided  or  separated  from  the  bcne 
in  the  course  of  the  operation  : 

1.  In  clearing  its  outer  aspect. — The  inferior  labial,  submental,  and 
the  termination  of  the  inferior  dental  arteries,  the  mental  branch  of  the 
inferior   dental   nerve,   the   facial  artery  and  the  vein  in    front  of  the 
masseter,  some  branches  of  the  infra-maxillary  division  of  the  facial,  of 
the  great  auricular,  and  of  the  superficial  cervical  nerves,   the   levator 
menti,  part  of  the  orbicularis  oris,  depressor  labii   inferioris,  platysma, 
depressor  anguli  oris,  masseter  and  buccinator  muscles,  and  the  mucous 
membrane  where  it  is  reflected  from  the  cheek  to  the  gums. 

2.  In  clearing  its  inner  aspect. — A  portion  of  the  anterior  belly  of 
the  digastric,  the  mylo-hyoid,  the  internal  pterygoid,  a  small  portion  of 
the  origin  of  the  superior  constrictor  and  external  pterygoid  muscles, 
the  ligaments  of  the  temporo-maxillary  articulation,  the  inferior  dental, 
masseteric,  and  mylo-hyoid  vessels  and  nerves,  and  the  mucous  mem- 
brane which  passes  from  the  inner  aspect  of  the  jaw  to  the  tongue. 

The  principal  mistakes  likely  to  be  made  are — (i)  Making  the 
posterior  part  of  the  skin  incision  ascend  too  high  or  cutting  too  deeply 
in  front  of  the  ear,  thus  running  the  risk  of  wounding  some  of  the  larger 
branches  of  the  facial  nerve,  the  parotid  gland,  and  perhaps  the  temporo- 
maxillary  vein.  (2)  Dividing  too  freely  the  muscles  attached  to  the 
genial  tubercles.  These  should  be  preserved  as  far  as  possible,  since  they 
help  to  anchor  the  tongue  in  the  buccal  cavity  and  prevent  it  gravitating 
ickwards.  (3)  Wounding  the  internal  maxillary,  or  even  the  external 
irotid  artery,  in  separating  the  condyle.  This  is  most  liable  to  happen 
the  jaw  is  forcibly  everted  in  attempts  to  disarticulate,  and  when 
ic  scalpel  is  used  too  freely.  Tearing  of  the  tissues  by  forcibly  wrench- 
ig  the  condyle  away  from  its  attachments  may  appear  an  unsurgical 
lethod,  but  it  is,  on  the  whole,  the  safest  course  to  adopt. 

If  it  be  thought  advisable  the  external  carotid  artery  may  be  ligatured 
it  the  commencement  of  the  operation,  access  being  obtained  to   it 
irough  the  lower  and  back  part  of  the  horizontal  incision  (see  p.  219). 

THE  PTERYGO-MAXILLARY  REGION. 

The   space  which  is  situated  in   relation  to  the  deep  aspect  of  the 
asseteric   region    and    below   the   temporal    fossa    is   known    as    the 
gomatic,  infratemporal,  or   pterygo-maxillary  fossa.      Within    it   are 
ntained  the  muscles  of  mastication,  with  the  exception  of  the  masseter 
nd  the  greater  part  of  the  temporal  muscle,  the  third  division  of  the 
igeminal  nerve,  the  internal  maxillary  artery  and  certain  of  its  branches, 
ogether  with  an  extensive  plexus  of  veins  (pterygoid)  which  present  a 
.vernous   arrangement.     Between   these  structures   and   filling  up  the 
terstices  of  the  fossa  is  a  lobulated  collection  of  fatty  tissue,  continuous 
with  the  buccal  pad  already  described.    An  upward  extension  of  this  tissue 
lies  between  the  temporal  fascia  and  the  temporal  muscle,  and  can  be 
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readily  shelled  out  in  the  ordinary  course  of  dissection.  It  is  desirable  that 
the  reader  should  understand  the  principal  topographical  relationships  of 
this  space,  so  as  to  be  able  to  follow  the  various  steps  of  the  operations 
which  are  carried  out  for  the  relief  of  severe  trigeminal  neuralgia,  and  to 
trace  the  connections  between  this  and  neighbouring  regions,  as  they 
have  important  bearings  upon  certain  forms  of  injury  and  disease. 

Resume  of  the  Pterygo-maxillary  Region. — The  dissection  of  the  masseteric  region 
having  been  completed  (fig.  27),  the  structures  crossing  the  zygoma,  viz.,  the  superficial  temporal 
vessels,  the  auriculo-temporal  nerve,  and  the  temporal  branches  of  the  facial  nerve,  are  divided 
and  thrown  downwards,  after  which  the  temporal  fascia  is  freely  separated  from  its  zygomatic 
attachments  and  drawn  upwards.  The  arch  of  the  zygoma  is  divided  close  to  the  condyle  of  the  jaw 
behind  and  at  the  angle  between  the  orbital  and  zygomatic  processes  of  the  malar  bone  in  front,  this 
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FIG.  30.— Section  through  the  parotid  region.  From  a  frozen  section  mounted  in  the  Anatomical 
Department,  Trinity  College,  Dublin.  This  section  shows  some  of  the  more  important 
relations  of  the  parotid  gland.  Note  its  facial  process  lying  upon  the  masseter  muscle,  the 
main  part  of  the  gland  occupying  the  parotid  recess,  the  temporo-maxillary  vein  lying  within 
the  gland,  and  the  external  carotid  artery  grooving  its  deep  aspect.  Observe  also  the 
pharyngeal  wall  at  some  distance  from  the  inner  side  of  the  gland.  The  section  is  at  the  level 
of  the  tonsil,  which  is  seen  within  the  small  aperture  in  the  soft  palate  in  front  and  to  the 
outer  side  of  the  pharyngeal  cavity.  The  sterno-mastoid  muscle  is  immediately  behind  the 
parotid  gland,  and  the  digastric  and  stylo-hyoid  muscles  separate  the  latter  from  the  internal 
jugular  vein. 

latter  section  being  carried  downwards  and  forwards  to  the  anterior  border  of  the  masseter.  The 
detached  piece  of  bone  is  drawn  downwards,  and  at  the  same  time  the  masseter  is  separated  from 
the  outer  aspect  of  the  vertical  ramus  of  the  jaw  to  a  point  a  little  below  its  middle,  the  masseteric 
vessels  and  nerve  being  divided  opposite  the  sigmoid  notch.  The  loose  collection  of  fat  which 
surrounds  the  rapidly  narrowing  tendon  of  the  temporal  muscle  is  removed,  and  the  latter  is  followed 
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to  its  insertion  into  the  coronoid  process.  This  is  divided  at  its  base  and  together  with  the  lower 
part  of  the  temporal  muscle  is  turned  upwards,  the  deep  temporal  vessels  and  nerves  which  lie 
close  to  the  bone  being  defined  at  the  same  time  and  divided  if  necessary.  Two  additional  bone 
sections  are  now  made,  viz.,  the  vertical  ramus  of  the  lower  jaw  is  sawn  across  immediately  above 
the  commencement  of  the  inferior  dental  canal,  and  another  cut  is  made  through  the  neck  of  the 
bone  close  to  the  condyle ;  the  piece  included  between  the  two  sections  is  then  removed. 

The  two  pytergoid  muscles  are  now  exposed  ;  the  fibres  of  the  external  proceed  from  the 
two  heads  of  origin  of  the  muscle  backwards,  and  rapidly  converge  to  their  insertion  into 
the  anterior  aspect  of  the  neck  of  the  condyle  and  the  interarticular  fibro-cartilage  of  the 
temporo-maxillary  joint.  The  fibres  of  the  internal  pterygoid  muscle  are  directed  down- 
wards and  backwards  to  their  insertion  into  the  inner  aspect  of  the  ramus  and  angle  of  the  lower 
jaw. 

The  external  pterygoid  muscle  forms  the  central  landmark  around  which  the  principal  vessels 
and  nerves  within  the  space  are  arranged.  The  internal  maxillary  artery  crosses  the  outer  aspect 
of  the  muscle  somewhat  obliquely  from  behind  upwards  and  forwards,  about  half  an  inch  below 
the  level  of  the  zygoma,  and  finally  disappears  by  passing  in  deeply  between  its  two  heads 
of  origin  on  its  way  to  the  spheno-maxillary  fossa.  The  artery,  however,  not  infrequently 
lies  in  relation  to  the  deep  aspect  of  the  muscle.  At  the  lower  border  of  the  external 
pterygoid  will  be  found  the  inferior  dental  and  lingual  nerves  and  the  inferior  dental  artery ; 
they  are  separated,  however,  from  the  internal  pterygoid  muscle  by  the  internal  lateral 
ligament  of  the  lower  jaw.  The  inferior  dental  nerve  gives  off  its  mylo-hyoid  branch 
and  comes  into  close  relationship  with  its  companion  artery  as  they  enter  the  bony  canal, 
the  artery  here  lying  behind  and  slightly  external.  Between  the  upper  border  of  the  external 
pterygoid  muscle  and  the  base  of  the  skull  will  be  found  the  two  deep  temporal  nerves  and  the 
masseteric  nerve  which  have  just  been  noticed.  In  the  interval  between  the  two  heads  of 
origin  of  the  muscle  there  appear  the  long  buccal  nerve,  which  is  directed  downwards  and 
forwards  to  the  outer  surface  of  the  buccinator  muscle  surrounded  by  a  mass  of  fatty  tissue,  also 
the  internal  maxillary  artery,  and  some  veins  which  have  connections  with  the  pterygoid  venous 
plexus.  The  next  step  consists  in  disarticulating  the  condyle  of  the  jaw  together  with  the  inter- 
articular  fibro-cartilage,  and  turning  it  forwards  with  the  external  pterygoid  muscle.  This  brings 
into  view  the  inferior  maxillary  division  of  the  trigeminal  nerve  up  to  its  point  of  emergence  from 
the  skull  at  the  foramen  ovale.  The  chorda  tympani  nerve  joins  the  lingual  at  the  level  of  the 
lower  border  of  the  external  pterygoid,  and  between  the  lingual  and  inferior  dental  nerves  there 
is  sometimes  a  transverse  branch  of  communication.  The  auricula-temporal  nerve  passes  back- 
wards, its  two  roots  of  origin  embracing  the  middle  meningeal  artery.  The  otic  ganglion  is 
closely  related  to  the  deep  aspect  of  the  inferior  maxillary  nerve  beneath  the  foramen  ovale.  As 
it  enters  the  skull  through  the  foramen  spinosum,  the  middle  meningeal  artery  lies  close  behind 
and  somewhat  to  the  outer  side  of  the  inferior  maxillary  nerve. 

If  the  internal  lateral  ligament  of  the  lower  jaw  and  the  pterygoid  muscles  be  now  removed 
(fig.  31)  it  will  be  seen  that  the  deep  part  of  the  space  is  bounded  by  the  buccinator,  the  superior 
and  middle  constrictor  muscles  of  the  pharynx,  the  postero-external  surface  of  the  upper  jaw, 
and  the  external  pterygoid  plate,  and  that  it  communicates  directly  with  the  spheno-maxillary 
fossa  through  the  pterygo-maxillary  fissure  and  with  the  orbital  cavity  through  the  spheno- 
maxillary  fissure.  % 

The    Communications    of    the    Pterygo-maxillary    Space    are 

readily  understood  from  the  foregoing  account.  The  space  is  directly 
continuous  with  the  temporal  fossa  beneath  the  zygoma ;  through  the 
intervention  of  the  spheno-maxillary  fossa  it  is  brought  into  indirect 
communication  with  the  nasal  fossa  through  the  spheno-palatine 
foramen,  and  with  the  cranial  cavity  through  the  sphenoidal  fissure. 
In  front  it  leads  to  the  face  beneath  the  temporal  and  masseter  muscles, 
while  behind  and  below  it  is  continuous  with  the  parotid  region  and  with 
the  deep  compartment  of  the  neck.  Further,  it  is  separated  from  the 
maxillary  sinus  by  the  thin  posterior  wall  of  this  cavity,  and  is  con- 
tinuous with  the  orbital  cavity  through  the  spheno-maxillary  fissure. 

From  these  relationships  it  is  clear  that  suppuration  may  invade  the 
pterygo-maxillary  space  from  the  surrounding  regions,  orbital,  temporal, 
parotid,  and  if  an  extensive  collection  of  pus  should  form,  it  will 
probably  make  its  way,  following  the  direction  of  least  resistance,  on 
to  the  face,  and  point  at  the  anterior  border  of  the  masseter,  or  it  may 
travel  backwards  and  downwards  into  the  neck,  or  even  burst  into  the 
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pharynx.  It  is  evident,  too,  that  inflammatory  processes  may  travel 
from  the  space  in  an  intracranial  direction  and  infect  the  brain  and 
its  membranes. 

Malignant  tumours  not  uncommonly  invade  the  pterygo-maxillary 
fossa  from  the  nose,  having  first  made  their  way  through  the  spheno- 
palatine  foramen  into  the  spheno-maxillary  fossa.  They  may  also 
reach  it  from  the  orbit  or  maxillary  sinus.  It  is  well  to  remember  that 
valuable  information  regarding  deep-seated  growths  in  this  region  may 
be  gained  by  inserting  a  finger  within  the  mouth,  seeing  that  the  inner 
wall  of  the  space  is,  to  a  large  extent,  formed  by  the  buccinator  muscle 
and  the  superior  constrictor  of  the  pharynx. 

The  Internal  Maxillary  Artery  arises  behind  the  neck  of  the  lower  jaw  in  the  substance 
of  the  parotid  gland,  and  terminates  in  the  spheno-maxillary  fossa.  It  is  divided  into  three  stages. 
The  first  stage  lies  between  the  neck  of  the  jaw  and  the  internal  lateral  ligament,  and  occupies  a 
triangular  space,  bounded  above  by  the  external  pterygoid,  below  by  the  internal  pterygoid  muscle, 
and  externally  by  the  lower  jaw.  It  is  superficial  to  the  lingual  and  inferior  dental  nerves  and 
below  the  auriculo-temporal  nerve  (fig.  31).  Its  branches  are  the  deep  auricular,  tympanic, 
middle  meningeal,  small  meningeal,  and  inferior  dental  arteries.  The  second  stage  of  the  artery 
runs  upwards  and  outwards  over  the  outer  aspect  of  the  external  pterygoid  muscle,  and  surrounded 
by  the  veins  of  the  pterygoid  plexus.  In  about  forty  per  cent,  of  cases,  however,  the  artery  runs 
beneath  the  external  pterygoid  muscle,  and  emerges  from  between  its  two  heads  before  entering 
the  spheno-maxillary  fossa.  Ils  branches  are  the  masseteric,  deep  temporal,  pterygoid,  and 
buccal  arteries.  The  third  stage  or  terminal  portion  of  the  artery  is  found  in  the  spheno- 
maxillary  fossa,  and  in  this  situation  its  branches  are  the  posterior  dental  or  alveolar,  infra- 
orbital,  posterior  or  descending  palatine, vidian,  pterygo-palatine,  and  naso-palatine  arteries. 

The  Internal  Maxillary  Artery  is  remarkable  for  its  very  tortuous 
course,  the  great  number  of  branches  which  proceed  from  it,  its  very 
wide  area  of  distribution,  and  the  numerous  anastomoses  in  which  it  takes 
part. 

The  middle  meningeal  and  the  inferior  dental  are  the  more  importan 
branches  of  the  first  stage.  The  former  has  been  studied  in  connection 
with  meningeal  haemorrhage,  and  the  latter  comes  under  observatio 
in  excision  of  the  lower  jaw  and  in  division  or  partial  resection  of  th 
inferior  dental  nerve.  The  branches  which  arise  from  the  second  stag' 
are  muscular  and  their  areas  of  distribution  are  sufficiently  indicated  by 
their  names.  Those  arising  from  the  third  stage  enter  bony  canals  and 
pass  away  in  different  directions.  They  account  for  the  free  haemorrhag 
which  accompanies  excision  of  the  upper  jaw,  or  excision  of  the  superior 
maxillary  nerve  including  Meckel's  ganglion — the  spheno-maxillary 
fossa  being  opened  up  in  the  latter  case. 

Although  the  haemorrhage  is  very  free  at  first,  yet  it  tends  to  cease 
spontaneously,  and  in  connection  with  this  fact  it  is  of  interest  to  note 
that  not  only  the  internal  maxillary  artery  but  also  its  main  branches  are 
surrounded  by  loose  tissue,  so  that  when  divided  they  are  quite  free  to 
retract  within  their  sheaths,  thus  facilitating  the  natural  arrest  of  the 
haemorrhage.  In  this  respect  they  contrast  forcibly  with  the  arteries  of 
the  scalp,  for  example,  whose  walls  are  intimately  connected  with  the 
surrounding  structures.  The  descending  palatine  artery  comes  promi- 
nently under  notice  in  the  operation  for  cleft  palate,  to  the  account  of 
which  the  reader  is  referred. 

The  principal  anastomoses  of  the  internal  maxillary  artery  are  found 
in  the  face,  and  are  effected  by  the  infra-orbital  buccal  and  inferior  dental 
arteries  (see  Arteries  of  the  Face).  Accidental  wounds  of  the  artery,  as 
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FIG.  31.— Dissection  of  the  pterygo-maxillary  region  and  carotid  triangle  of  the  neck,  made  with  a 
view  to  demonstrate  the  lateral  relations  of  the  pharynx— (Barker  Prize  Dissection,  Roy. 
Coll.  Surg.  Ireland).  The  greater  part  of  the  vertical  ramus  and  part  of  the  body  of  the 
lower  jaw  have  been  removed,  also  the  masseter  and  internal  pterygoid  muscles.  The 
branches  of  the  third  division  of  the  trigeminal  nerve  are  clearly  seen,  viz.,  the  long  bucca), 
lingual,  inferior  dental,  and  auriculo-temporal  nerves.  The  course  of  the  external  carotid 
artery  is  fully  exposed  ;  its  point  of  origin  for  the  common  carotid  artery,  however,  is  some- 
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what  higher  than  usual.     The  anterior  division  of  the  temporo-maxillary  vein  takes  a  deep 

course  beneath  the  digastric  muscle  to  join  the  facial  vein.     The  relationships  of  the  sub- 

dllary  gland  to  the  lower  jaw  are  clearly  represented.     Note  the  spinal  accessory  nerve 

ssing  to  the  deep  aspect  of  the  sterno-mastoid  muscle  at  the  upper  part  of  the  neck, 
iccompanied  by  a  branch  of  the  occipital  artery.  The  lingual  artery  is  not  seen,  as  it  came 

t  somewhat  irregularly,  viz.,  in  common  with  the  facial  artery.  The  boundaries  and 
contents  of  the  carotid  triangle  of  the  neck  have  been  fully  exposed. 
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might  be  expected,  are  of  very  rare  occurrence,  owing  to  its  deep  and 
well-protected  position ;  it  has  been  wounded,  however,  in  penetrating 
wounds  of  the  pterygo-maxillary  fossa,  directed  from  before  backwards, 
between  the  buccinator  and  masseter  muscles.  The  difficulty  of  securing 
the  bleeding  points  is  very  great  in  consequence  of  their  deep  position, 
and  for  this  reason  ligature  of  the  external  carotid  artery  is  a  rational 
procedure  to  adopt  in  such  cases. 

The  Pterygoid  Venous  Plexus  is  situated  beneath  the  upper  head  of  the  external 
pterygoid  muscle,  and  its  blood  is  carried  away  mainly  by  the  internal  maxillary  vein,  to  a 
less  extent  by  the  deep  facial  vein.  The  following  are  the  principal  tributaries  which  enter  into 
its  formation  :  some  veins  from  the  nose  passing  through  the  spheno-palatine  foramen,  the  infra- 
orbital  vein,  the  middle  meningeal  veins,  the  Vesalian  vein,  which  brings  it  into  communication 
with  the  cavernous  sinus,  the  communicating  ophthalmic  vein,  which  emerges  from  the  orbit 
through  the  spheno-maxillary  fissure,  and  numerous  other  veins,  corresponding  to  the  branches 
of  the  internal  maxillary  artery,  viz.,  pterygoid,  masseteric,  buccal,  temporal,  and  inferior  dental. 

Through  the  various  communicating  channels  just  enumerated  a 
spreading  infective  thrombosis  may  reach  the  pterygoid  plexus.  It  may 
have  its  origin  in  the  face  in  cases  of  carbuncle  or  other  acute  septic  pro- 
cess and  travel  inwards  along  the  deep  facial  vein,  or  it  may  spread  from 
the  orbital  cavity,  should  a  cellulitis  exist  there,  along  the  communicating 
ophthalmic  vein,  or  from  the  nose  by  the  veins  which  pass  outward* 
through  the  spheno-palatine  foramen.  When  the  plexus  is  involved 
there  is  great  risk  of  intracranial  complications,  viz.,  thrombosis  of  the 
cavernous  sinus  and  meningitis.  Pyaemia,  too,  is  liable  to  supervene  in 
consequence  of  minute  portions  of  disintegrating  thrombi  finding  their 
way  from  the  infected  veins  into  the  general  systemic  circulation. 

The  Inferior  Maxillary  Division  of  the  Trigeminal  Nerve  consists  of  two  parts, 
namely,  the  entire  motor  root  of  the  nerve  and  a  large  bundle  of  sensory  fibres  proceeding  from 
the  anterior  and  outer  aspect  of  the  Gasserian  ganglion.  Having  passed  through  the  foramen 
ovale  these  unite  almost  immediately  so  as  to  form  a  mixed  nerve  trunk.  At  this  point  the  nerve 
is  very  deeply  placed,  lying  under  cover  of  the  external  pterygoid  muscle  as  described  above, 
about  I J  inch  to  the  inner  side  of  the  tubercle  on  the  zygoma,  behind  the  sharp  edge  of  the  external 
pterygoid  plate,  and  in  front  of  the  spine  of  the  sphenoid.  The  nerve  divides  into  an  anterior  and1 
posterior  division,  the  former  being  mainly  motor,  the  latter  mainly  sensory.  As  these  have  been 
already  noted  in  the  account  of  the  pterygo-maxillary  region,  they  merely  need  to  be  enumerated 
here.  The  branches  of  the  anterior  division  are  the  temporal,  masseteric,  pterygoid,  and  long- 
buccal  nerves.  The  posterior  division  breaks  up  into  three  branches,  viz. ,  the  auricula-temporal, 
the  lingual)  and  the  inferior  dental  nerves. 

The  Auriculo-Temporal  Nerve  has  two  roots  which  surround  the  middle  meningeal  artery. 
It  winds  round  the  deep  aspect  of  the  temporo-maxillary  articulation,  above  the  internal 
maxillary  artery  and  in  close  relationship  to  the  capsule.  Having  traversed  the  parotid  gland, 
it  crosses  the  zygoma  under  cover  of,  and  slightly  behind,  the  superficial  temporal  artery  and  gains 
the  temporal  region.  It  carries  secreto-motor  fibres  to  the  parotid  gland  and  articular  branches 
to  the  temporo-maxillary  joint,  two  branches  are  given  to  the  external  auditory  meatus,  anterior 
auricular  branches  contribute  to  the  supply  of  the  pinna,  and  its  terminal  branches  supply  the 
skin  of  the  temporal  region  in  front  of  the  ear. 

The  Inferior  Dental  Nerve  has  already  been  studied  in  the  pterygo-maxillary  fossa,  where 
it  lies  behind  and  somewhat  external  to  the  lingual  nerve.  In  the  inferior  dental  canal  it  divides 
opposite  the  mental  foramen  into  a  mental  and  an  incisive  branch.  Before  this  it  gives  alveolar 
branches  which  enter  the  fangs  of  the  molar  and  bicuspid  teeth.  The  incisive  branch  supplies 
the  canine  and  incisor  teeth.  The  mental  branch  with  the  mental  artery  emerges  through  the 
foramen  of  the  same  name  ;  it  communicates  with  the  facial  nerve,  and  divides  into  several  branches 
for  the  supply  of  the  skin  of  the  chin  and  of  the  lower  lip,  both  on  its  cutaneous  and  mucous 
aspects. 

The  Lingual  Nerve  also  has  been  followed  through  the  pterygo-maxillary  fossa  (fig.  31). 
Further  on  it  passes  between  the  ramus  of  the  jaw  and  the  internal  pterygoid  muscle.  In  front  of 
the  latter  it  is  situated  beneath  the  mucous  membrane  of  the  mouth,  about  half  an  inch  below  and 
behind  the  last  molar  tooth.  From  this  it  runs  forwards  and  inwards  to  the  tongue,  crossing  the 
stylo-glossus  and  hyo-glossus  muscles,  being  covered  in  this  part  of  its  course  by  the  submaxillary 
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gland  and  the  mylo-hyoid  muscle.  Near  its  termination  the  nerve  curves  round  Wharton's  duct 
(fig.  47).  It  supplies  some  fine  branches  to  the  mucous  membrane  of  the  floor  of  the  mouth, 
secreto-motor  fibres  to  the  submaxillary  gland,  which  reach  the  latter  through  the  submaxillary 
ganglion,  and  secreto-motor  fibres  to  the  sublingual  gland.  Its  terminal  branches  are  distributed 
to  the  mucous  membrane  (filiform  and fungiform  papilla)  over  the  anterior  and  middle  part  of 
the  tongue.  The  majority  of  these  are  nerves  of  common  sensibility,  but  some  are  nerves  of  taste 
and  come  from  the  chorda  tympani,  which,  according  to  some  anatomists,  is  connected  with  the 
nucleus  of  origin  of  the  glosso-pharyngeal  nerve  by  means  of  the  pars  intermedia. 

The  Inferior  Dental  Nerve  is  very  commonly  the  seat  of  severe 
neuralgia,  for  the  relief  of  which  its  section  or  partial  removal  may  be 
required.  The  mental  branch  is  easiry  divided  where  it  escapes  at  the 
mental  foramen,  by  everting  the  lower  lip  and  incising  the  mucous 
membrane  opposite  the  interval  between  the  bicuspid  teeth. 

The  trunk  of  the  nerve  also  may  be  reached  and  divided  from  within 
the  mouth  by  means  of  a  vertical  incision  directed  along  the  inner  side 
of  the  ascending  ramus  of  the  jaw  down  to  the  bone.  On  separat- 
ing the  fibres  of  the  internal  pterygoid  muscle  at  this  level,  the  lingula 
or  mandibular  spine  is  exposed,  behind  which  the  nerve  will  be  found. 
This  operation  is  one  of  considerable  difficulty,  not  only  as  regards  the 
finding  of  the  nerve,  but  also  on  account  of  the  troublesome  haemor- 
rhage which  floods  the  wound  and  mouth  in  the  event  of  the  inferior 
dental  artery  being  divided,  an  accident  which  is  very  likely  to  happen, 
'or  some  days  also  there  is,  as  a  rule,  great  swelling  of  that  side  of  the  face, 
d  inability  to  open  the  mouth  owing  to  spasmodic  closure  of  the  jaws. 
Another  method  for  reaching  the  nerve  employed  by  Kocher  is  as 
Hows.  An  incision  is  made  beneath  the  posterior  half  of  the  lower 
argin  of  the  jaw,  curving  upwards  for  a  short  distance  behind  its  angle, 
he  masseter  is  partially  reflected  in  an  upward  direction,  and  by  means 
a  trephine  a  piece  of  the  vertical  ramus  is  removed  at  its  centre,  exposing 
e  nerve  as  it  enters  the  inferior  dental  canal.  In  order  to  gain  more  room 
is  usually  necessary  to  snip  away  the  bone  up  to  the  sigmoid  notch, 
uring  the  manipulations  which  attend  the  finding  of  the  nerve  the  in- 
ferior dental  artery  is  not  infrequently  wounded,  giving  rise  to  rather  free 
haemorrhage.  The  lingual  nerve,  which  lies  a  little  in  front  and  to  the 
inner  side  of  the  inferior  dental,  may  also  be  reached  through  this  wound. 
The  Lingual  Nerve. — Division  of  this  nerve  is  usually  performed 
for  the  relief  of  the  intense  pain  and  salivation  which  accompany  cancer 
of  the  tongue.  It  can  be  readily  exposed  from  within  the  mouth  by 
drawing  the  tongue  well  over  to  the  opposite  side  and  making  an  in- 
cision in  front  of  the  vertical  ramus  of  the  jaw  and  the  pterygo-maxillary 
ligament,  about  half  an  inch  below  and  behind  the  last  molar  tooth,  and 
forwards  for  a  short  distance  along  the  floor  of  the  mouth.  Kocher,  in 
order  to  avoid  a  wound  inside  the  mouth,  recommends  the  exposure  of 
the  nerve  from  the  neck.  He  makes  an  incision  commencing  in  front 
of  the  apex  of  the  mastoid  process  and  extending  downwards  and  for- 
wards to  the  middle  of  the  hyoid  bone,  passing  a  finger's-breadth  below 
and  behind  the  angle  of  the  jaw.  Having  divided  the  skin,  superficial 
fascia,  platysma,  and  some  filaments  of  the  superficial  cervical  nerve,  the 
deep  fascia  or  capsule  of  the  submaxillary  gland  is  exposed.  This  is 
divided  so  as  to  allow  the  gland  to  be  turned  upwards,  and  the  lingual 
nerve  is  readily  found  at  the  point  where  it  is  connected  with  the  sub- 
maxillary ganglion. 
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Division  of  the  Inferior  Maxillary  Trunk  may  be  required  when 
there  is  a  recurrence  of  the  pain  subsequent  to  the  division  of  the  main 
branches.  As  this  procedure  entails  the  destruction  of  the  motor 
branches  of  the  nerve,  it  will  be  followed  by  permanent  paralysis  and 
atrophy  of  the  muscles  of  mastication  upon  the  same  side.  However,  the 
resulting  disability  is  not  so  great  as  might  be  imagined  although  the 
lateral  movements  of  the  jaws  are  greatly  limited  and  the  teeth  cannot 
be  tightly  clenched. 

The  trunk  of  the  nerve  may  be  reached  and  divided  outside  the  fora- 
men ovale  as  follows.  A  curved  incision  is  made  just  above  the  zygoma, 
beginning  behind  the  fronto-malar  articulation,  and  turning  up  posteriorly 
to  reach  its  termination  in  front  of  the  ear  (Kocher).  The  parts  divided, 
in  addition  to  the  skin,  are  the  subcutaneous  tissue,  some  fibres  of  the 
orbicularis  palpebrarum  muscle,  the  temporal  branches  of  the  facial 
nerve,  the  superficial  temporal  vessels,  and  the  auriculo-temporal  nerve. 
The  temporal  fascia  is  detached  from  the  upper  border  of  the  zygomatic 
arch,  after  which  the  latter  is  divided  by  two  saw-cuts,  one  in  front  of 
the  condyle  of  the  lower  jaw  and  another  at  the  angle  between  the 
zygomatic  and  orbital  processes  of  the  malar  bone.  The  included 
segment  is  drawn  downwards  with  the  masseter  muscle,  bringing  into 
view  the  fatty  tissue  which  invests  the  tendon  of  the  temporal  muscle. 
The  coronoid  process  is  now  divided,  and  together  with  the  lower  part 
of  the  temporal  muscle  turned  upwards,  the  deep  temporal  arteries  being 
divided  at  the  same  time.  The  external  pterygoid  muscle,  together  with 
the  periosteum,  is  carefully  separated  from  the  under  aspect  of  the  great 
wing  of  the  sphenoid,  the  internal  maxillary  artery  being  at  the  same 
time  displaced  downwards.  The  outer  aspect  of  the  external  pterygoid 
plate  is  now  exposed,  and  the  foramen  ovale  with  the  nerve  issuing  from 
it  will  be  found  close  behind  its  posterior  sharp  margin  and  about  one 
and  a  quarter  inches  to  the  inner  side  of  the  zygomatic  tubercle.  The 
middle  meningeal  artery,  which  lies  immediately  behind  the  nerve,  runs 
great  risk  of  being  wounded. 

The  Removal  of  the  Gasserian  Ganglion  was  first  attempted  and 
carried  out  by  Rose.  The  earlier  steps  of  his  operation  are  somewhat  simi- 
lar to  the  above.  The  internal  maxillary  artery  is  ligatured,  and  by  means 
of  a  £-inch  trephine  a  piece  of  bone  is  removed  from  the  under  aspect 
of  the  great  wing  of  the  sphenoid  in  front,  and  immediately  to  the  outer 
side  of  the  foramen  ovale.  The  latter  is  identified  by  the  guides  already 
given  and  by  following  the  trunk  of  the  inferior  maxillary  nerve  upwards. 
The  removal  of  the  ganglion,  which  is  effected  by  means  of  a  hook  or 
curette,  is  attended  with  very  great  danger.  In  the  first  place,  the  opening 
of  the  cavernous  sinus  is  practically  inevitable,  seeing  that  the  ganglion  is 
embedded  in  its  outer  wall,  and  secondly,  the  ganglion  overlies  the  interna' 
carotid  artery,  which  consequently  runs  great  risk  of  injury.  The  Eus- 
tachian  tube,  which  is  also  subjacent,  was  opened  by  Rose  in  one  of  his 
cases.  The  records  of  this  operation  show  that  it  is  frequently  accom- 
panied by  alarming  haemorrhage,  so  much  so  that  Kocher  was  obliged 
on  one  occasion  to  ligature  the  common  carotid  artery.  The  division  of 
the  ophthalmic  division  of  the  trigeminal  nerve  is  liable  to  be  followed 
by  serious  consequences  to  the  eye ;  these  are  more  fully  dealt  with  on 
p.  122. 
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The  Gasserian  ganglion  has  also  been  reached  from  the  temporal 
region  (Hartley,  Krause,  Gushing)  by  turning  down  a  large  flap  resembling 
in  outline  the  capital  omega — O.  The  flap  includes  not  only  the  overlying 
soft  tissues,  but  in  addition  a  portion  of  the  lateral  wall  of  the  cranium 
)f  similar  extent.  The  dura  mater  is  exposed  by  turning  the  bone 
lown wards  or  cutting  it  away  piecemeal,  having  first  removed  a  portion 
with  a  trephine,  and  at  this  stage  there  may  be  troublesome  bleeding  from 
the  middle  meningeal  artery.  The  dura  mater  is  raised  from  the  floor 
>f  the  middle  cranial  fossa,  the  brain  meanwhile  being  pushed  aside  in 
in  upward  direction.  The  ganglion  together  with  the  second  and  third 
livisions  of  the  nerve  up  to  their  respective  foramina  of  exit  are  brought 
into  view  and  their  removal  effected.  This  operation  also  is  attended 
/ith  extreme  difficulties  mainly  on  account  of  the  haemorrhage,  which 
is  always  profuse,  if  not  bewildering,  and  may  prevent  the  object  of 
the  operation  being  attained.  For  a  detailed  account  of  the  operation 
)r  the  removal  of  the  Gasserian  ganglion  associated  with  the  name  of 
Pushing,  the  reader  must  consult  one  of  the  standard  works  on 
>perative  surgery. 

THE  EYE. 

The  applied  anatomy  of  the  eye  demands  an  account  not  only  of  the 
syeball  itself,  but,  also,  of  the  eyebrow  and  eyelids,  the  lachrymal 
ipparatus,  the  conjunctiva,  the  orbital  cavity  and  its  contents. 

THE  EYEBROW  AND  THE  EYELIDS.— Superficial  anatomy. 
—The  ocular  region  is  for  the  most  part  well  defined  externally,  and 
sharply  demarcated  from  the  surrounding  regions  of  the  face  and  from  the 
forehead.  Its  boundaries  are,  the  eyebrow  above,  the  inner  orbital  angle 
internally,  and  the  oculo-zygomatic  sulcus  below,  separating  it  from  the 
cheek.  Externally,  it  is  less  sharply  delimited,  and  passes  without 
very  evident  interruption  into  the  adjoining  temporal  region ;  a  slight 
depression  of  the  surface,  however,  is  to  be  noted  as  a  rule  between  the 
outer  extremity  of  the  brow  above  and  the  termination  of  the  oculo- 
zygomatic  sulcus  and  the  prominence  of  the  cheek  below.  In  aged 
individuals  and  in  those  who  are  much  emaciated,  the  disappearance  of 
the  subcutaneous  fat,  and  of  that  which  normally  occupies  the  orbital 
cavity,  allows  the  skeletal  framework  of  the  orbital  region  to  stand  out 
in  strong  relief,  so  that  its  limits  are  readily  perceived. 

The  eyebrow  is  a  striking  landmark  at  the  upper  part  of  the  orbital 
region ;  it  is  rendered  very  evident  by  the  stout,  closely  arranged  hairs 
which  invest  it,  and  by  its  forward  projection.  Its  exposed  position 
renders  it  very  liable  to  injury,  but  at  the  same  time  it  affords 
valuable  protection  to  the  eyelids  and  to  the  globe  of  the  eye.  The 
inner  extremity,  or  the  head  of  the  eyebrow,  overlies  the  supraciliary 
ridge  and  the  frontal  air  sinus.  The  outer  extremity  is  more  slender 
and  tapering,  and  is  called  the  tail ;  it  lies  some  little  distance  above  the 
supra-orbital  margin,  and  terminates  usually  at  the  level  of  the  fronto- 
malar  articulation. 

The  eyebrow  has  a  free  range  of  mobility  ;  it  is  raised  by  the  frontalis 
muscle  and  depressed  and  wrinkled  by  the  corrugator  supercilii  and  orbi- 
cularis  palpebrarum  muscles.  This  freedom  of  movement  is  strikingly 
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demonstrated  in  certain  forms  of  emotional  expression,  such  as  frown- 
ing, knitting  the  brows,  expressions  of  surprise,  terror,  etc. 

Wounds  involving  the  eyebrow  are  usually  caused  by  falls  or  blows, 
and  in  such  cases  the  tissues  very  commonly  are  divided  from  the  bone 
outwards,  almost  as  cleanly  as  if  cut  with  a  sharp  knife,  consequently 
they  heal  readily  as  a  general  rule.  Penetrating  wounds  in  the  region 
of  the  brow  are  to  be  regarded  with  suspicion,  as  it  may  not  be  very 
evident,  at  first  sight,  if  they  have  penetrated  the  orbital  cavity  deeply  or 
not.  A  sharp-pointed  weapon  may  traverse  the  thin  orbital  roof  and 
wound  the  brain,  or  it  may  even  pierce  the  internal  carotid  artery  in  the 
cavernous  sinus.  Wounds  of  this  nature  have  been  followed  by  arterio- 
venous  aneurysm  (p.  123). 

The  normal  appearances  presented  by  the  eyelids  differ  according  as 
the  palpebral  aperture  is  closed  or  wide  open.  .When  closed,  the  junction 
of  the  lid  margins  is  indicated  by  a  slightly  curved  line,  the  convexity 
of  which  is  directed  downwards.  The  upper  eyelid  covers  about  three- 
fourths  of  the  conjunctival  segment  of  the  globe.  When  the  palpebral 
aperture  is  opened  it  is  found  that  the  resulting  gap  is  mainly  the 
outcome  of  the  upward  movement  of  the  upper  lid  ;  in  other  words,  it  is 
proportional  to  the  area  of  the  globe,  which  the  latter  covers  when  the 
lids  are  closed.  At  the  same  time  that  the  upper  lid  rises,  a  deep 
sulcus  or  transverse  furrow  makes  its  appearance  on  its  anterior  aspect. 
Its  presence  is  explained  by  the  fact  that  the  portion  of  the  lid  occupied 
by  the  tarsal  cartilage  remains  applied  to  the  globe,  and  consequently 
recedes  from  the  surface  as  the  lid  rises,  whereas  the  skin  at  the  periphery 
of  the  lid  retains  its  relationship  to  the  orbital  margin,  and  assumes  the 
appearance  of  an  overhanging  fold. 

The  downward  movement  of  the  lower  lid  is  very  slight,  and  is  mainly 
of  a  passive  character.  When  the  gaze  is  directed  straight  forward,  the  free 
margin  of  this  lid  either  touches  or  lies  slightly  below  the  corneal  margin. 
The  free  margin  of  the  upper  lid  slightly  overhangs  the  upper  margin  of 
the  cornea.  Any  change  in  these  relationships  between  the  lids  and  the 
cornea  will  give  rise  to  a  very  marked  alteration  in  the  expression  of  the 
individual.  Should  the  separation  of  the  lids  be  sufficient  to  permit  the 
cornea  being  entirely  uncovered,  so  that  a  small  circular  zone  of  the 
sclerotic  appears,  the  expression  is  that  suggestive  of  bewilderment  or 
terror.  On  the  other  hand,  a  narrowing  of  the  aperture  by  excessive 
depression  of  the  upper  lid  gives  one  a  dull,  sleepy  expression.  Under 
normal  conditions,  the  eyelids  are  closely  applied  to  the  globe,  and  to 
some  extent  they  exert  a  restraining  influence  upon  it  by  their  gentle 
backward  pressure. 

Externally,  the  lids  meet  in  an  acute  angle,  the  external  canthus.  In- 
ternally, the  sharply  cut  margin  of  each  lid  terminates  in  a  slight  conical 
elevation,  which  is  pierced  at  its  summit  by  a  small  aperture,  the  punctum 
lachrymale,  or  orifice  of  the  lachrymal  canaliculus,  the  channel  which  con- 
veys the  tears  into  the  lachrymal  sac.  The  lid  margins  now  assume  a  soft, 
rounded  appearance,  and  diverge  slightly  from  each  other  so  as  to  enclose 
a  small  space — the  lacus  lachrymalis — before  coalescing  by  their  inner 
extremities  to  form  the  internal  canthus.  Within  the  lacus  lachrymalis 
there  is  a  small  conical  mass  of  tissue,  of  a  pale  pink  colour,  known  as 
the  lachrymal  caruncle.  If  the  eyelids  be  drawn  gently  outwards  so  as 
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to  make  their  inner  extremities  tense,  a  small  fold  or  ridge  becomes 
evident  opposite  the  internal  canthus ;  it  is  caused  by  the  internal  palpebral 
ligament  or  tendo  oculi,  to  be  noted  presently,  and  it  overlies  the 
anterior  aspect  of  the  lachrymal  sac. 

The  bony  rim  of  the  orbit  is  readily  accessible  to  palpation.  The 
supra-orbital  notch,  when  present,  is  easily  recognised,  and  is  situated 
about  an  inch  from  the  middle  line.  The  supra-orbital  rim  is  sharp  and 
prominent  in  its  outer  two-thirds,  but  at  its  inner  extremity  it  loses  its 
sharp  character  and  becomes  smooth  and  evenly  rounded. 


Orhicularis  Palpebrarum 
Levator  Palpebrae  Sup. 


Sweat  Gland 


Palpebral  Artery. 


Cil 


bomian  Gland. 


yM. 


Glands  of  Moll. 
FIG.  32. — Section  through  the  upper  eyelid. 

HE  EYELIDS.— Both  lids  originally  develop  as  skin  folds,  which  gradually  approach 
•each  other  and  cover  the  globe.  The  free  margin  of  each  lid  is  about  3  mm.  in  depth,  but  as 
they  approach  the  orbital  margin  they  increase  in  thickness,  and  so  far  as  can  be  seen  externally, 
they  pass  insensibly  into  the  surrounding  regions.  Structurally  each  lid  consists  of  certain  strata, 
the  most  superficial  of  which  is  formed  by  the  skin,  and  the  deepest  by  the  tarsal  plate,  which 
is  maintained  in  connection  with  the  bony  rim  of  the  orbit  by  the  septum  orbitale,  and  clothed 
on  its  deep  aspect  by  the  conjunctival  membrane. 

The  skin  of  the  lids  is  very  thin  and  delicate.  Along  the  ciliary  margin  of  each  it  becomes 
continuous  with  the  palpebral  conjunctiva.  It  possesses  some  very  minute  hairs,  together  with 
sebaceous  and  sweat  glands,  and  is  freely  movable  over  the  deeper  parts. 

The  subcutaneous  tissue  is  very  loosely  constituted,  it  is  absolutely  devoid  of  fat,  and 
connects  the  skin  to  the  third  or  muscular  stratum. 

The  orbicularis  palpebrarum  muscle  is  essentially  a  sphincter  for  the  palpebral  aperture.  It 
consists  of  a  thin  sheet  of  muscular  tissue,  which  is  not  merely  confined  to  the  eyelids,  but 
extends  beyond  their  confines  into  the  adjacent  territories.  Different  names  consequently  have 
been  employed  to  indicate  its  different  parts ;  thus,  the  ciliary  portion  is  that  which  is 
situated  within  the  free  margin  of  the  lids,  the  palpebral  portion  invests  the  remaining  portion  of 
the  lids,  and  the  orbital  portion  exceeds  their  peripheral  limits,  more  especially  above,  below,  and 
to  the  outer  side.  Within  the  eyelid  the  bundles  of  the  muscle  are  separated  by  intervals  filled 
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by  connective  tissue,  and  in  this  way  the  subcutaneous  layer  is  brought  into  relationship  with 
the  tarsal  cartilage  and  with  the  septum  orbitale. 

The  tarsal  cartilage  in  each  eyelid  consists  of  a  densely  felted  plate  of  fibrous  tissue  ;  that 
of  the  upper  lid,  however,  is  much  the  larger  ;  its  peripheral  border  is  convex,  and  is  connected 
with  the  septum  orbitale  and  with  the  tendon  of  the  levator  palpebrse.  The  border  of  each 
cartilage  turned  towards  the  palpebral  aperture  is  almost  straight  and  approaches  close  to  the  lid 
margin  ;  each  plate  also  is  traversed  vertically  by  the  Meibomian  glands.  These  resemble 
sebaceous  glands  in  their  structure,  and  their  ducts  open  along  the  posterior  angle  of  the  free 
margin  of  the  eyelid.  By  its  deep  aspect  the  tarsal  plate  is  related  to  the  conjunctiva,  the 
connection  between  the  two  being  very  intimate. 

The  tendon  of  the  levator  palpebrce  muscle  fuses  with  the  .septum  orbitale,  and  is  connected 
through  this  with  the  upper  margin  of  the  tarsal  plate  of  the  upper  eyelid.  According  to  Merkel, 
however,  some  tendinous  fibres  are  prolonged  forwards  through  the  lid  and  gain  insertion  into 
the  deep  aspect  of  the  skin.  Some  fibres  also  are  attached  to  the  bone  at  the  outer  and  inner 
orbital  margins. 

The  septum  orbitale  is  a  thin  connective-tissue  membrane,  the  most  evident  function  of  which 
is  to  separate  the  contents  of  the  orbital  cavity  from  the  structures  contained  within  the  lids  and 
from  the  conjunctival  sac  (fig.  33).  It  is  attached  above  to  the  orbital  rim,  but  here  its  con- 
tinuity is  interrupted  by  certain  apertures  which  transmit  (a)  the  anastomotic  vein,  which  con- 
nects the  angular  and  supra-orbital  veins  with  the  superior  ophthalmic  vein  within  the  orbit  ; 
(6)  the  supra-trochlear  nerve  and  the  frontal  artery  ;  (c)  the  supra-orbital  vessels  and  nerve.  Its 
connection  with  the  tendon  of  the  levator  palpebrse  has  already  been  noted.  Externally,  the 
septum  orbitale  is  somewhat  thickened  ;  it  connects  the  outer  pointed  extremities  of  the  two  tarsal 
plates  to  the  orbital  margin  below  the  level  of  the  fronto-malar  articulation,  and  is  called  the 
external  palpebral  ligament.  The  septum  is  weakest  below,  but  is  reinforced  to  some  extent 
by  slips  derived  from  the  inferior  oblique  and  inferior  rectus  muscles,  and  as  in  the  case  of  the  upper 
lid,  it  stretches  between  the  orbital  rim  and  the  peripheral  margin  of  the  tarsal  plate.  Internally, 
the  septum  recedes  somewhat  as  it  approaches  its  bony  attachment  and  connects  the  inner  ex- 
tremities of  the  two  tarsal  plates  to  the  posterior  crest  of  the  lachrymal  bone  behind  the  lachrymal 
sac. 

The  tendo  oaili  or  internal  palpebral  ligament  is  connected  externally  with  the  two  tarsal 
cartilages.  It  divides  into  two  limbs,  of  which  the  anterior  is  the  larger,  and  passes  in  front  of 
the  lachrymal  sac  near  its  upper  extremity,  to  be  attached  to  the  nasal  process  of  the  superior 
maxillary  bone ;  the  posterior  limb  passes  behind  the  lachrymal  sac  and  is  attached  to  the 
lachrymal  bone. 

The  cilia  or  eye-lashes  spring  from  the  free  margins  of  the  lids,  and  are  arranged  in  one  or 
more  rows — three  commonly — one  behind  the  other.  Their  follicles  which  penetrate  the  lid 
obliquely  from  before  backwards  are  embedded  in  dense  connective  tissue,  and  by  their  deer, 
extremities  come  into  close  relationship  with  the  tarsal  plate.  The  follicles  too  are  provided  with, 
sebaceous  glands,  and  with  others  which  closely  resemble  sweat  glands  in  structure  (glands  oj 
Moll),  the  ducts  of  which  open  either  into  the  hair  follicles  or  upon  the  free  margin  of  the  lid 
The  cilia  having  emerged  from  the  follicles,  assume  a  curved  direction,  the  convexity  of  which  is 
turned  towards  the  palpebral  aperture,  and  consequently  those  of  the  upper  lid  diverge  from 
those  of  the  lower. 

Blood-vessels. — The  eyelids  receive  numerous  small  branches  from  the  vessels  in  the 
neighbourhood,  viz.,  from  the  supra-orbital,  frontal,  nasal  and  lachrymal  branches  of  the  ' 
ophthalmic,  from  the  transverse  facial  branch  of  the  superficial  temporal  artery,  from  the 
angular  branch  of  the  facial  and  from  the  infra-orbital  branch  of  the  internal  maxillary  artery. 
Allusion  has  been  made  already  to  the  important  venous  confluence  at  the  inner  angle  of  the 
orbit  in  which  the  supra-orbital  and  frontal  veins  from  the  forehead  and  the  angular  vein  at 
the  root  of  the  nose,  anastomose  with  the  superior  ophthalmic  vein  which  runs  from  before  back- 
wards within  the  orbit  and  ends  in  the  cavernous  sinus. 

Nerves. — The  sensory  nerves  of  the  upper  lid  are  derived  from  the  supra-trochlear,  the  infra  - 
trochlear,  the  supra-orbital  and  the  lachrymal  nerves.  The  sensory  nerve  supply  of  the  lower 
lid  is  derived  from  the  infra-orbital  nerve.  The  motor  filaments  which  supply  the  orbicularis 
palpebrarum  muscle  are  furnished  by  the  temporal,  malar,  and  infra-orbital  branches  of  the 
facial  nerve. 

The  Skin  of  the  Eyelids  is  freely  movable  over  the  subjacent  tissues, 
and  is  well  adapted  for  the  various  plastic  operations  which  are  so  fre- 
quently performed  in  this  region.  Its  colour  is  usually  pale,  and  con- 
trasts forcibly  with  the  red  tint  of  the  cheeks.  Occasionally,  one  or  both 
eyelids  are  much  disfigured  by  the  presence  of  capillary  naevi,  which 
may  involve  a  considerable  portion  of  the  neighbouring  surface  of  the 
face  as  well.  Normally,  the  skin  of  the  eyelids  presents  a  varying  degree 
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of  pigmentation,  the  pigment  being  contained  partly  in  the  deeper  layers 
of  the  epidermis,  but  to  some  extent  also  in  the  skin  itself.  The  faint 
furrows  which  are  to  be  noted  crossing  the  eyelids  from  side  to  side 
are  occasioned  by  the  movements  of  the  orbicularis  muscle.  They  are 
particularly  evident  in  elderly  individuals  and  after  much  wasting  of  the 
tissues ;  the  skin  at  the  same  time  becomes  considerably  relaxed  and 
puckered,  a  well  marked  fulness  just  above  the  internal  canthus  being 
very  characteristic. 

Levator  Palpebrae  Superioris  M. 


Superior  Rectus  M 


Or 


Inferior  Rectus  M.-' 


Maxillary  Sinus 


nd  Molar  Tooth. , 


Septum  Orbitale. 

bicularis  Palpebrarum  M . 


Inferior  Oblique  M. 


IG>  33- — Vertical  section  through  the  orbital  cavity  and  maxillary  sinus  (antrum  of  Highmore). 
The  position  of  the  globe  of  the  eye  is  clearly  shown,  also  its  relations  to  the  closed  lids,  the 
conjunctival  sac,  and  the  post-ocular  contents.  Note  the  fang  of  the  second  upper  molar 
tooth  projecting  into  the  floor  of  the  antrum. 

Rodent  Ulcer  is  a  form  of  epithelioma  of  a  very  chronic  character 
which  sometimes  originates  in  the  eyelids,  usually  the  lower,  and  in  the 
region  of  the  internal  canthus.  It  appears  to  develop  from  the  glands  of 
the  skin  or  from  their  ducts,  and  assumes  at  first  the  form  of  a  wart  or 
nodule.  Its  tendency,  however,  is  to  increase,  and  unless  removed  it  may 
eventually  cause  great  destruction  of  tissue  and  eat  its  way  into  the 
orbital  cavity. 

The  extreme  laxity  of  the  subcutaneous  tissue  of  the  eyelids  accounts 
for  the  rapidity  with  which  they  become  infiltrated  and  swollen  by 
inflammatory  or  other  fluids. 
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Haemorrhagic  extravasation  is  very  common  in  this  locality;  the 
blood,  however,  usually  proceeds  from  the  outlying  districts,  such  as  the 
root  of  the  nose  or  the  brow,  rather  than  from  the  lids  themselves.  The 
skin  presents  at  first  a  dark  colour  of  a  bluish  or  almost  black  tint,  but  as 
the  swelling  diminishes  and  as  absorption  proceeds  the  colour  changes 
to  dark  green,  then  pale  yellow,  and  eventually  no  trace  of  its  existence 
remains.  This  very  common  form  of  haemorrhage  into  the  eyelids  must 
be  distinguished  from  that  which  is  situated  more  deeply  beneath 
the  palpebral  conjunctiva,  and  behind  the  tarsal  cartilage  and  septum 
orbitale.  In  this  case  the  extravasation  has  a  bright  rosy  arterial  tint ; 
it  is  not  accompanied  by  any  obvious  swelling,  and  is  associated  with  a 
further  extravasation  beneath  the  ocular  conjunctiva.  When  this  form 
of  haemorrhage  follows  a  severe  head  injury  it  is  suggestive  of  fracture 
involving  the  anterior  cranial  fossa.  The  blood  from  within  the  orbital 
cavity  makes  its  way  forwards  beneath  the  conjunctiva,  but  owing  to  the 
attachments  of  the  septum  orbitale  and  the  density  of  the  tarsal  cartilage 
it  is  prevented  reaching  the  subcutaneous  tissue. 

Extensive  (Edema  of  the  eyelids  is  productive  of  a  very  unsightly  puffed 
out  appearance ;  it  interferes  also  with  their  movements,  especially  that 
of  the  upper  lid,  so  that  the  levator  palpebrae  is  unable  to  elevate  it,  and  a 
condition  of  pseudo-ptosis  exists.  An  acute  oedema  of  the  subcutaneous 
tissue  is  a  regular  accompaniment  of  inflammation,  originating  in  the 
eyelids  or  in  their  immediate  vicinity,  viz.,  the  orbital  cavity,  eyebrow, 
face,  root  of  nose,  lachrymal  sac,  cavernous  sinus.  A  passive  cedema  of 
both  eyelids  is  frequently  noted  in  connection  with  the  general 
anasarcous  state  which  attends  certain  forms  of  Bright's  disease. 

An  emphysematous  sivelling  of  the  subcutaneous  tissue  of  the  eyelids 
is  a  not  uncommon  sequela  of  fractures  involving  the  nasal  bone  or 
the  cavities  in  connection  with  the  nasal  fossae,  especially  the  frontal 
sinus,  for,  in  addition  to  the  bone  lesion,  the  mucous  membrane  of  these 
cavities  is  necessarily  torn.  The  nature  of  the  swelling  is  readily 
revealed  by  the  peculiar  crackling  or  spongy  sensation  which  it  conveys 
to  the  touch. 

The  action  of  the  orbicularis  palpebrarum  muscle  and  the  symptoms 
indicative  of  its  paralysed  state  are  included  in  the  account  of  the  facial 
muscles  (p.  74).  An  exaggerated  degree  of  contraction  on  the  part  of 
this  muscle  is  sometimes  observed,  and  is  known  as  blepharospasm.  It 
is  a  constant  accompaniment  of  inflammatory  affections  of  the  cornea 
and  uveal  tract,  in  which  affections  a  strong  light  cannot  be  tolerated 
(photophobia).  In  other  cases  it  exists,  independently  of  any  recognisable 
inflammatory  state,  in  one  or  both  eyes.  Its  nature  here  is  not  very 
evident,  but  it  is  probably  of  a  reflex  character,  and  is  sometimes  associated 
with  neuralgia  in  certain  of  the  territories  supplied  by  the  trigemina' 
nerve;  thus  it  has  been  noted  in  connection  with  carious  teeth  and 
otitis ;  it  has  been  observed  also  as  an  occasional  symptom  of  hysteria. 

Under  normal  conditions  the  orbicularis  exercises  a  gentle  backward 
compression  upon  the  globe,  and  helps  to  retain  it  in  its  normal 
position;  when  the  muscle  is  paralysed,  the  eye  on  that  side  projects 
more  prominently  than  its  fellow. 

Paralysis  of  the  Levator  Palpebrae  Superioris  is  followed  by  droop- 
ing or  ptosis  of  the  upper  eyelid,  which  cannot  be  voluntarily  raised  beyond 
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a  certain  point.  The  slight  elevating  power  which  does  exist  is  the  outcome 
of  an  exaggerated  action  on  the  part  of  the  frontalis  muscle,  a  fact  which 
is  rendered  very  evident  by  the  deep  creases  which  mark  the  forehead. 

Independently  of  a  lesion  of  the  levator  palpebrae  or  of  its  nerve,  a 
state  of  pseudo-ptosis  may  exist,  from  excessive  swelling  of  the  lid. 
Occasionally  it  appears  to  be  due  to  a  congenital  muscular  defect ; 
and  it  has  also  been  observed  as  the  result  of  a  lipomatous  condition  of 
the  skin  fold  which  normally  overhangs  the  upper  lid  (blepharo-chalasis). 
The  connection  of  some  of  the  tendinous  fibres  of  the  levator  palpebrae 
with  the  skin  of  the  upper  eyelid  explains  why  it  always  recedes  with 
the  tarsus  when  the  lid  is  elevated. 

The  hair  follicles  and  the  sebaceous  glands  in  connection  with  them 
which  are  situated  at  the  margin  of  the  lids   are  very  frequently  the 
seat   of  inflammatory  trouble,  a  familiar  example   being   the   ordinary 
hordeolum  or  stye.     This   is  really  a   furuncle,  originating  either   in   a 
follicle  or  sebaceous  gland,  and  is  brought  about  by  a  staphylococcus 
fection.     A    more  extensive  but   at   the  same   time   superficial  form 
inflammation  is   that  which  involves  the  entire  palpebral    margin  ; 
is  termed  marginal  blepharitis,  and  is  observed  most  commonly  in 
ildren  of  the  so-called  strumous  type.     One  of  its  unpleasant  results 
that  the  follicles  from  which  the  eyelashes  grow,  acquire  an  abnormal 
irection,  so  that  the  latter  often  have  a  tendency  to  come  into  contact 
ith   the   ocular   conjunctiva,  giving   rise  to   the   condition    known    as 
•ichiasis.     Pulling  out  the  abnormally  directed  cilia  will  evidently  not 
cceed   in  effecting  a  permanent  cure  ;  to  attain  this  object  it  will  be 
cessary  to  remove  the  distorted  follicles  themselves. 
A  Chalazion  is  a  form  of  tumour  which  is  sometimes  found  within  the 
bstance  of  the  eyelids,  usually  the  upper.     It  is  situated  in  the  deeper 
rt  of  the  lid,  in  contact  with  or  partially  within  the  tarsal  cartilage.     In 
ructure  it  is  composed  mainly  of  granulation  tissue  (granulorna),  and 
probably  of  inflammatory  origin.     In  size  it  rarely  exceeds  that  of  a 
all  pea,  and  is  sharply  circumscribed.    The  modern  treatment  adopted 
r  it  is  free  excision,  the  procedure  being  carried  out  from  the  conjunc- 
val  aspect  of  the  eyelid,  with  which  it  is  closely  related.     A  less  radical 
method  consists  in  incising  the  tumour  on  its  conjunctival  aspect,  squeez- 
ing out  its  contents,  and  curetting  its  interior  with  a  sharp  scoop. 

Ectropion. — The  normal  relationships  between  the  eyelids  and  the 
globe  of  the  eye  have  been  described.  Under  certain  conditions  they 
tend  to  assume  an  abnormal  character,  the  most  common  being  that  in 
which  the  lower  lid  falls  away  from  the  eyeball  (ectropion}.  This  may  be 
very  slight  in  degree,  and  result  from  an  atonic  state  of  the  lid,  through 
weakness  or  paralysis  of  the  orbicularis  muscle.  The  lower  punctum  in 
such  cases  ceases  to  lie  in  contact  with  the  ocular  conjunctiva,  and 
as  it  fails  to  drain  away  the  tears,  epiphora  results.  A  very  advanced 
degree  of  ectropion  is  occasionally  observed  as  a  sequela  of  cicatricial 
contraction  of  the  skin  of  the  eyelid,  following  extensive  loss  of  sub- 
stance such  as  happens  with  burns,  etc.  In  aggravated  cases  the  entire 
lid  is  everted,  so  that  its  conjunctival  aspect  looks  forwards. 

Entropion  is  a  condition  the  direct  opposite  of  the  last ;  the  eyelid  is 
inverted   so  that  the  cilia  come  into  contact  with  the  conjunctiva  and 
reduce  serious  irritation.     It  is  usually  the  result  of  disease,  especially 
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conjunctivitis  of  long  standing,  in  which  the  tarsal  cartilage  becomes 
profoundly  altered  by  the  inflammatory  process  and  curls  backwards 
along  its  free  margin.  In  contrast  with  ectropion,  entropion  affects  the 
upper  much  more  frequently  than  the  lower  eyelid. 

Congenital  defects  of  the  eyelids  are  rare.  Under  this  heading 
may  be  included  those  cases  in  which  the  palpebral  fissure  is  very 
narrow,  and  those  in  which  it  is  wider  than  normal.  These  defects 
depend  either  upon  an  excessive  or  deficient  degree  of  fusion  of  the 
integumentary  folds  from  which  the  eyelids  are  formed.  Both  lids  may 
fuse  completely,  the  resulting  condition  being  known  as  ankylo-blepharon. 
Another  defect  of  the  eyelids  is  that  in  which  one  or  other  is  partially 
or  completely  divided  by  a  fissure  directed  vertically  ;  this  is  termed 
coloboma,  and  is  more  common  in  the  lower  than  in  the  upper  eyelid. 
The  explanation  given  of  its  presence  here  is,  that  it  is  the  result  of 
imperfect  closure  of  the  gap  which  in  the  early  foetus  separates  the 
superior  maxillary  from  the  external  nasal  process  (figs.  25  and  26); 
it  may  be  associated  with  a  wide  gap  or  fissure  traversing  the  cheek 
(coloboma  facialis],  Coloboma  affecting  the  upper  eyelid  cannot  be 
explained  by  any  defect  in  the  normal  developmental  changes  which 
take  place  in  this  region;  it  is  to  be  regarded  rather  as  the  result  of 
pathological  causes  affecting  the  foetus  in  utero.  Epicanthus  is  a  form  of 
congenital  defect  in  which  a  semilunar  fold  of  skin  extends  from  the  upper 
to  the  lower  eyelid.  The  free  border  of  the  fold  is  concave  and  is  directed 
outwards,  internally  it  is  continuous  with  the  skin  at  the  root  of  the  nose, 
and  by  its  posterior  aspect  it  overlies  and  conceals  the  internal  canthus. 
This  defect  alters  the  physiognomy  of  the  individual  to  a  marked  degree, 
owing  to  the  apparently  increased  width  of  the  root  of  the  nose.  It  is 
not  by  any  means  rare  in  children,  but  tends  to  disappear  with  the 
growth  of  the  bridge  of  the  nose.  It  appears  to  be  a  common  condition 
in  the  Mongolian  race. 

THE  CONJUNCTIVA. — The  conjunctiva  is  a  delicate  connective-tissue  membrane  which 
is  applied  against  the  visible  portion  of  the  eyeball,  and  is  reflected  from  it  to  the  posterior  surface 
of  the  eyelids,  the  lines  of  reflection  being  termed  the  superior  and  inferior  fornices.  The 
palpebral  portion  of  the  conjunctiva  is  closely  applied  against  the  posterior  aspect  of  the  tarsal 
plate  and  the  septum  orbitale  to  some  extent  ;  in  the  upper  eyelid,  in  addition,  it  is  related 
also  to  the  deep  aspect  of  the  tendon  of  the  levator  palpebrse  muscle.  The  orbital  conjunctiva  is 
smoothly  applied  over  the  sclerotic,  the  connections  between  the  two,  however,  are  very  lax,  so 
that  the  membrane  can  be  readily  raised  in  the  form  of  a  fold.  Around  the  cornea,  the  con- 
junctiva is  attached  to  the  sclerotic,  the  line  of  fusion  being  sometimes  indicated  by  a  slightly 
raised  edge,  called  the  limbus  conjunctiva.  The  epithelium  of  the  latter  only  is  prolonged  over 
the  cornea.  In  addition  to  the  sclerotic,  the  conjunctiva  is  related  posteriorly  to  the  capsule 
of  Tenon  and  to  the  tendinous  insertions  of  the  four  recti  muscles.  At  the  outer  part  of  the 
superior  fornix  it  gives  an  investment  also  to  the  lower  lobe  of  the  lachrymal  gland.  At  the 
upper  and  lower  fornix  the  conjunctiva  is  very  loosely  arranged,  and  immediately  outside  the 
internal  canthus  there  is  a  special  fold  of  the  membrane  which  is  known  as  the  plica  semitunaris  ; 
it  disappears  when  the  eyeball  is  fully  rotated  outwards,  and  is  intended  no  doubt  to  permil  of 
this  movement  taking  place.  Lymphoid  tissue  exists  in  varying  quantity,  both  in  the  ocular 
and  palpebral  conjunctiva.  At  the  internal  canthus  the  membrane  is  continued  over  the  lachrymal 
caruncle.  This  small  elevation  resembles  skin  in  its  structure,  being  composed  mainly  of  con- 
nective tissue  ;  it  contains,  besides,  some  well  developed  sebaceous  glands  and  hair  follicles. 

The  vessels  which  supply  the  conjunctiva  are  mainly  derived  from  those  which  supply  the 
eyelids.  Some  reach  it,  however,  from  the  episcleral  vessels.  These  are  branches  of  the  anterior 
ciliary  arteries  which  reach  the  sclerotic  opposite  the  points  of  insertion  of  the  recti  muscles  (fig.  41). 
They  are  directed  forwards  and  inwards,  and  pierce  the  sclerotic  close  to  the  corneal  margin. 
Their  branches  to  the  conjunctiva  anastomose  with  the  other  vessels  distributed  to  this  membrane. 

The  nerves  which  supply  the  conjunctiva  are  furnished  by  the  branches  of  the  trigeminal 
nerve  which  have  been  already  noted  in  the  eyelids. 
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Conjunctivitis. — In  consequence  of  its  exposed  position  and  its  very 
delicate  structure,  the  conjunctiva  is  very  subject  to  inflammatory  attacks 
of  an  acute  or  chronic  character.  The  vascular  changes  which  it  presents 
form  the  most  evident  objective  symptom  of  its  inflamed  state.  The 
membrane  appears  very  red,  both  on  its  palpebral  and  ocular  aspects. 
The  dilated  and  engorged  vessels  are  distinctly  visible ;  by  their  exten- 
sive branching  and  free  anastomoses  they  form  a  very  striking  vascular 
network,  with  narrow  meshes,  and  are  most  evident  at  the  peripheral 
parts  of  the  conjunctival  sac.  Towards  the  corneal  margin  the  meshes 
become  finer  and  the  vascularity  less  marked. 

In  some  cases  of  conjunctivitis,  but  more  especially  as  the  result  of 
inflammation  of  certain  of  the  intra-ocular  structures,  viz.,  the  iris  and 
ciliary  body,  a  zone  of  vascularity  is  usually  observed  around  the  cornea. 
The  colour  of  this  circum-corneal  zone,  however,  is  not  bright  red  in  tint, 
t  rather  pink  or  violet,  and  is  due,  not  to  congestion  of  the  proper 
sels  of  the  conjunctiva,  but  of  the  anterior  ciliary  vessels.  These 
alter,  from  their  superficial  position,  form  a  fine  episcleral  network 
around  the  cornea,  and  anastomose  with  the  conjunctival  vessels.  A  point 
of  diagnostic  importance  to  be  noted  is,  that  the  conjunctival  vessels 
ove  freely  with  the  membrane  over  the  globe,  but  the  episcleral  vessels 
not.  This  test  is  sometimes  employed  to  differentiate  between 
ijunctival  and  ciliary  engorgement. 

In  the  more  severe  forms  of  conjunctivitis,  especially  that  produced 
the  gonorrhceal  virus  (purulent  ophthalmia),  the  symptoms  are  greatly 
reased  in  intensity.  The  eyelids  become  very  much  swollen  ;  the 
per  lid  particularly  may  attain  an  enormous  size,  in  consequence  of 
ich  its  movements  are  greatly  impeded,  and  removal  of  the  purulent 
charge  is  rendered  very  difficult.  The  ocular  conjunctiva,  owing  to  its 
treme  laxity,  becomes  greatly  swollen,  and  assumes  a  bright  or  dusky 
red  colour  (chemosis).  In  such  cases  there  is  great  risk  of  the  cornea 
becoming  involved.  If  it  should  participate  extensively  in  the  patho- 
logical changes  which  affect  the  part,  it  may  ultimately  become  perforated. 
Through  the  aperture  thus  formed  the  infective  process  extends  to  the 
deeper  intra-ocular  structures,  setting  up  a  destructive  inflammation  of 
the  globe,  or  panophthalmitis. 

Chronic  Granular  Ophthalmia,  or  Trachoma,  is  a  form  of  conjuncti- 
is  which  is  very  common  amongst  the  poorer  classes  in  this  country.  It 
is  characterised  by  the  formation  of  small  granulation  tissue  growths — some- 
imes  they  resemble  lymphoid  tissue — beneath  the  conjunctiva.  In  their 
bsequent  development  these  masses  are  converted  into  fibrous  or  cica- 
icial  tissue,  and  in  consequence  of  the  contraction  which  invariably  accom- 
panies such  changes,  the  lid  margins  have  a  tendency  to  curl  inwards  (entro- 
pion).  Another  result  of  these  structural  alterations  is  that  the  movements 
of  the  eyelids,  especially  the  upper,  are  greatly  interfered  with ;  its  upward 
movement  is  rendered  particularly  difficult,  and  it  remains  permanently 
in  a  condition  of  pseudo-ptosis.  This  gives  the  individual  a  peculiar 
sleepy  or  languid  expression,  which  is  very  characteristic  of  this  affection. 
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THE  LACHRYMAL  APPARATUS.  —The  lachrymal  apparatus  consists  of  a  secreting 
.nd,  situated  in  relation  to  the  outer  part  of  the  orbital  roof,  the  ducts  of  which  pierce  the  con- 
junctiva at  the  level  of  the  upper  fornix  near  the  external  canthus.    From  this  the  lachrymal  secretion 
finds  its  way  across  the  globe  to  two  minute  openings  or  puncta  at  the  inner  extremities  of  the 
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eyelids,  and  thence  into  two  minute  canals  or  canaliculi  which  open  separately  or  by  a  common 
stem  into  a  mucous-lined  passage,  closed  at  its  upper  end,  but  open  below,  where  it  terminates  in 
the  inferior  meatus  of  the  nose,  beneath  the  anterior  curved  extremity  of  the  inferior  turbinated  bone. 
The  upper  part  of  this  passage  is  related  to  the  inner  wall  of  the  orbit,  and  is  called  the  lachrymal 
sac  ;  the  lower  part,  which  is  completely  enclosed  in  a  bony  canal,  is  called  the  nasal  duct. 

The  Lachrymal  Gland  possesses  a  distinctly  lobulated  structure,  and  is  sharply 
circumscribed  in  outline.  It  consists  of  two  lobes,  which  are  separated  from  each  other  by  a 
layer  of  fascia  derived  from  Tenon's  capsule.  The  upper  or  orbital  lobe  of  the  gland  is  much 
the  larger  (fig.  34),  and  is  situated  within  the  lachrymal  fossa  of  the  frontal  bone,  viz.,  at  the 
junction  of  the  roof  and  outer  wall  of  the  orbital  cavity.  Internally  it  reaches  as  far  as  the 
tendon  of  the  levator  palpebrse  superioris,  and  externally  to  the  level  of  the  fronto-malar  articula- 
tion. Behind  it  is  embedded  in  the  post-ocular  fat,  and  in  front  it  abuts  against  the  septum 
orbitale  beneath  the  outer  part  of  the  supra-orbital  rim.  Below,  it  rests  upon  an  extension  of 
Tenon's  capsule.  The  lower  or  palpebral  lobe  is  situated  beneath  the  conjunctiva  at  the  superior 
fornix,  where  its  presence  can  be  detected  by  separating  the  eyelids  at  the  outer  canthus  and 
making  the  individual  rotate  the  globe  downwards  and  inwards. 

The  main  ducts  of  the  orbital  lobe,  three  or  four  in  number,  pass  beneath  the  fascial  septum, 
upon  which  this  part  of  the  gland  rests,  and  having  been  reinforced  by  others  proceeding  from 
the  palpebral  lobe,  they  terminate  by  separate  openings  along  the  line  of  the  upper  fornix. 

In  addition  to  the  lachrymal  gland  proper,  small  isolated  masses  or  accessory  glands, 
identical  in  structure,  have  been  found  beneath  the  conjunctiva  in  its  immediate  vicinity. 

The  Puncta  and  Canaliculi. — The  puncta  are  situated  at  the  inner  extremities  of  the 
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FIG.  34. — A  dissection  of  the  lachrymal  gland.     Note  its  orbital  and  palpebral  lobes  separ 

by  a  process  of  Tenon's  fascia.     The  inner  extremities  of  the  eyelids  have  been  everted  to 
show  the  puncta  or  orifices  of  the  canaliculi. 

eyelids,  where  they  open  in  crater-like  fashion  upon  the  summits  of  two  small  pyramidal  elevations, 
the  lachrymal  papilla.     Each  of  these  is  directed  slightly  backwards,  in  fact  both  puncta  re 
in  contact  with  the  ocular  conjunctiva. 

The  canaliculi  are  at  first  directed  vertically,  but  in  opposite  directions  ;  that  in  the  up 
lid  ascends,  the  lower  descends,  but  both  bend  suddenly  and  pursue  a  horizontal  course  inwards 
within  the  skin  folds  which  bound  the  lacus  lachrymalis.  They  open  into  the  lachrymal  sac,  either 
by  independent  orifices,  or,  as  frequently  happens,  they  coalesce  so  as  to  form  a  common  passage 
which  opens  into  the  lachrymal  sac  upon  its  outer  and  posterior  aspect,  behind  the  tendo  oculi. 
Each  canaliculus  is  about  one-third  of  an  inch  in  length. 

The  Lachrymal  Sac  occupies  the  lachrymal  groove  on  the  inner  wall  of  the  orbit ;  its 
cavity  or  lumen,  however,  is  by  no  means  commensurate  with  the  groove,  but  under  ordinary 
conditions  is  merely  a  slit-like  space.  Between  the  sac  and  the  periosteal  lining  of  the  groove 
there  is  a  layer  of  connective  tissue,  containing  numerous  blood-vessels,  almost  resembling 
cavernous  tissue.  A  similar  arrangement  holds  good  for  the  nasal  duct,  with  which  the 
lachrymal  sac  is  directly  continuous.  The  sac  is  crossed  in  front,  near  its  summit,  by  the  tendo 
oculi,  but  below  this  it  is  quite  superficial,  being  covered  only  by  the  skin,  subcutaneous  tissuo, 
and  orbicularis  muscle.  By  its  posterior  and  outer  aspect  it  is  related  to  the  contents  of  the 
orbital  cavity,  and  internally  it  abuts  against  the  anterior  ethmoidal  air  cells.  The  junction  of 
the  lachrymal  sac  and  nasal  duct  at  the  commencement  of  the  lachrymal  canal  is  the  narrowest 
part  of  the  common  passage. 

The  Nasal  Duct  has  a  complete  bony  wall,  which  is  formed  by  the  lachrymal  bone  and 
the  superior  maxilla  above,  by  the  inferior  turbinated  bone  and  the  superior  maxilla  below. 
Having  emerged  from  its  osseous  canal,  it  runs  obliquely  through  the  nasal  mucous  membrane, 
and  terminates  by  a  slit-like  aperture  in  the  inferior  meatus  of  the  nose.  The  long  axis  of  the 
nasal  duct  differs  somewhat  from  that  of  the  lachrymal  sac,  which  is  nearly  vertical.  It  is 
inclined  backwards  in  the  direction  of  a  line  connecting  the  commencement  of  the  lachrymal 
canal  with  the  first  upper  molar  tooth,  and  as  a  rule  it  is  also  directed  somewhat  outwards. 


THE  EYE  113 

The  Lachrymal  Gland  derives  its  secreto-motor  fibres  from  the 
lachrymal  branches  of  the  ophthalmic  division  of  the  trigeminal  nerve. 
Stimulation  of  the  lachrymal  nerve  calls  forth  a  copious  secretion  of  tears, 
and  the  same  result  can  be  effected  in  a  reflex  manner  by  stimulation  of 
almost  any  of  the  branches  of  the  parent  nerve,  especially  those  distri- 
buted to  the  nasal  mucous  membrane.  Excessive  tear  secretion  also  is 
a  constant  accompaniment  of  corneal  inflammation. 

Extirpation  of  the  lachrymal  gland  is  occasionally  though  rarely 
required  in  cases  of  tumour  involving  it,  or  as  a  palliative  measure  for 
the  relief  of  incurable  epiphora.  An  incision  is  made  beneath  the  outer 
part  of  the  supra-orbital  rim,  and  is  prolonged  backwards  in  a  curved 
direction  to  the  external  palpebral  ligament.  The  skin,  subcutaneous 
tissue,  and  the  orbicularis  fibres  are  first  divided  ;  the  septum  orbitale, 
which  forms  the  next  stratum,  is  also  cut  and  the  gland  exposed.  This 
is  now  enucleated  from  its  lax  surroundings  and  both  its  orbital  and 
palpebral  lobes  are  removed.  Contrary  to  what  might  be  expected 
on  a  priori  grounds,  removal  of  the  lachrymal  gland  is  not  followed  by 
any  untoward  effects,  as  regards  the  globe  of  the  eye,  through  suppression 
of  the  lachrymal  secretion.  It  is  probable  that  sufficient  secretion  to 
moisten  the  surface  of  the  globe  is  provided  by  the  small  detached 
lobules,  which  resemble  in  structure  the  main  lachrymal  gland,  and  which 
are  found  usually  beneath  the  superior  conjunctival  fornix. 

Epiphora  or  overflowing  of  the  tears  on  to  the  cheek  is  the  most 
evident  symptom  of  diseased  conditions  existing  in  the  lachrymal 
passages.  It  is  usually  observed  also  when  from  any  cause  the  puncta 
fail  to  lie  in  contact  with  the  ocular  conjunctiva,  as  occurs  with  eversion 
of  the  lower  eyelid  (ectropion),  following  paralysis  of  the  orbicularis 
muscle,  or  in  cases  of  chronic  granular  ophthalmia. 

Owing  to  the  secure  manner  in  which  they  are  protected  by  the 
root  of  the  nose  and  the  overhanging  brow,  the  lachrymal  passages  are 
but  little  exposed  to  external  injury.  The  nasal  duct,  however,  is 
occasionally  torn  as  the  result  of  a  fracture  traversing  its  bony  wall. 
Such  an  accident  is  generally  accompanied  by  emphysema  of  the  sub- 
cutaneous tissue  at  the  root  of  the  nose,  of  the  eyelids  and  cheek,  and 
is  perceptibly  increased  by  sneezing  or  blowing  the  nose.  Stricture  of 
the  nasal  duct  is  sometimes  a  sequela  of  injury,  and  may  be  a  source  of 
much  trouble  from  obstruction  to  the  lachrymal  outflow. 

Inflammatory  affections  of  the  lachrymal  passages  are  secondary 
as  a  rule  to  infective  processes  originating  in  the  conjunctiva  or  within 
the  nasal  fossa.  Diphtheritic  inflammation  has  occasionally  been 
observed  to  extend  from  the  nose  to  the  conjunctiva  by  this  route. 
Inflammation  of  the  mucous  lining  of  the  canaliculi  is  liable  to  be 
followed  by  stricture  of  these  narrow  passages  and  troublesome 
epiphora.  The  treatment  sometimes  employed  for  this  condition  is 
dilatation  of  the  lower  canaliculus.  A  small  probe  is  taken,  the  inner 
angle  of  the  eyelids  is  drawn  outwards  so  as  to  render  the  passage 
straight,  and  at  the  same  time  the  lower  lid  margin  is  slightly  everted 
in  order  to  bring  the  punctum  well  into  view.  The  point  of  the  probe 
is  introduced  vertically,  and  at  first  in  a  downward  direction  ;  the  hand 
directing  the  instrument  is  then  brought  into  the  horizontal  position  and 
the  remainder  of  the  passage  traversed.  A  small  probe-pointed  tenotome 
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also  may  be  passed  along  the  canaliculus  in  a  similar  manner  and  the 
passage  slit  up,  the  incision  being  directed  towards  the  conjunctival 
aspect  of  the  canaliculus. 

Dacryo-cystitis,  or  inflammation  of  the  mucous  lining  of  the  lachrymal 
sac,  exists  usually  in  a  chronic  form,  and  is  frequently  associated  with 
some  obstructive  condition  within  the  nasal  duct.  The  muco-purulent 
secretion  escapes  partly  through  the  canaliculi  and  partly  finds  its 
way  into  the  nose.  In  such  cases  the  lachrymal  sac  is  very  prone 
to  become  dilated,  and  as  its  anterior  wall  is  its  most  yielding  part, 
the  distension  is  most  marked  here.  The  sac  bulges  forwards 
between  the  tendo  oculi  and  the  lower  orbital  margin,  and  a  second 
protrusion  may  also  appear  above  the  tendo  oculi,  giving  the  dilated 
sac  a  bi-lobed  appearance.  If  the  latter  be  compressed  gently  with 
the  finger  a  copious  flow  of  its  muco-purulent  contents  wells  up 
from  the  canaliculi  and  flows  out  through  the  palpebral  aperture. 
In  some  cases  the  distended  lachrymal  sac  contains  a  clear  mucous 
fluid,  and  is  consequently  called  a  mncocele.  Should  an  acute  inflam- 
matory attack  supervene  in  the  course  of  chronic  dacryo-cystitis,  the 
overlying  skin  becomes  red  and  swollen  and  the  eyelids  greatly  puffed  ; 
the  aspect  presented  by  the  individual  is  in  fact  at  first  sight  strikingly 
suggestive  of  erysipelas. 

An  abscess  within  the  lachrymal  sac  invariably  points  below  the 
tendo  oculi,  and  is  most  readily  reached  by  an  incision  directed  vertically 
downwards  between  this  structure  and  the  commencement  of  the  lachry- 
mal canal,  and  at  the  outer  side  of  the  small  angular  artery.  The 
opening  so  established  is  liable  to  persist  as  a  fistula,  however,  and  in 
order  that  it  should  close  it  is  essential  that  the  normal  passages  should 
regain  an  adequate  degree  of  patency.  Dilatation  of  the  nasal  duct  is 
carried  out  for  this  purpose.  In  executing  this  manoeuvre  the  style  is 
directed  from  above  downwards  and  backwards,  and  usually  with  a  slight 
inclination  outwards.  It  should  be  done  with  extreme  gentleness,  so  as 
to  avoid  false  passages,  and  such  troublesome  complications  as  periostitis 
and  caries  of  the  bony  wall  of  the  passage. 

It  is  to  be  noted  that  a  swelling  at  the  inner  orbital  region,  closely 
resembling  that  just  described,  may  also  be  due  to  a  sarcoma,  originating 
in  the  nasal  fossa  and  making  its  way  to  the  surface. 

THE  ORBITAL  CAVITY.— As  the  bony  walls  of  the  orbit  pass  the  one  into  the 
other  by  rounded  angles,  the  general  shape  of  the  cavity  resembles  a  cone  rather  than  a  pyramid. 
Its  apex  corresponds  to  the  optic  foramen  which  leads  into  the  middle  cranial  fossa,  and  transmits 
the  optic  nerve  and  the  ophthalmic  artery.  The  base  or  outlet  of  the  cavity  is  surrounded  by  the 
orbital  rim.  Its  long  axis  is  directed  backwards  and  inwards,  with  a  slight  inclination  upwards, 
so  that  the  axes  of  the  two  cavities  if  prolonged  backwards  would  meet  in  the  region  of  the  sella 
turcica,  at  an  angle  of  42°. 

The  upper  wall  or  roof  of  the  cavity  is  formed  mainly  by  the  orbital  plate  of  the  frontal 
bone,  and  to  a  small  extent  by  the  lesser  wing  of  the  sphenoid.  Its  arched  appearance  is  rendered 
very  evident  in  front  by  the  downward  projection  of  the  supra-orbital  margin.  The  depression  at 
its  anterior  and  outer  part  lodges  the  lachrymal  gland,  and  is  known  as  the  lachrymal  fossa.  At 
its  anterior  and  inner  aspect  a  small  depression  may  be  noted  for  the  fibrous  pulley  of  the  superior 
oblique  (fig.  4).  This  wall  is  comparatively  thin,  the  frontal  air  sinus  usually  extends  backwards 
over  it  for  a  variable  distance,  and  it  is  overlaid  by  the  frontal  lobe  of  the  brain.  Some  of  the 
anterior  ethmoidal  cells  also  extend  occasionally  outwards  into  the  orbital  roof. 

The  inner  wall  lies  almost  exactly  in  the  sagittal  plane,  and  is  formed  by  the  lachrymal  bone, 
the  os  planum  of  the  ethmoid,  and  by  a  small  portion  of  the  body  of  the  sphenoid,  the  bones 
being  arranged  in  this  order  from  before  backwards.  This  wall  is  exceedingly  thin  (lamina 
papyracea\  and  is  related  internally  to  the  ethmoidal  cells  and  the  nasal  fossa.  At  its  junction 
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with  the  roof  two  small  apertures  are  usually  to  be  seen,  viz/>  the  anterior  and  posterior 
ethmoidal  foramina. 

The  floor  of  the  cavity  slopes  downwards  and  outwards,  and  is  mainly  formed  by  the  orbital 
plate  of  the  superior  maxilla,  to  a  lesser  extent  by  the  orbital  plate  of  the  malar  and  by  the 
orbital  process  of  the  palate  bone.  It  is  separated  from  the  outer  wall  by  the  spheno-maxillary 
fissure  up  to  a  point  within  half  an  inch  from  the  orbital  margin.  Posteriorly,  it  shows  a  deep 
groove  for  the  infra-orbital  nerve,  but  further  forwards  the  groove  becomes  a  complete  bony 
canal  (infra-orbital),  which  is  directed  forwards  and  slightly  downwards,  and  terminates  about 
a  quarter  of  an  inch  below  the  infra-orbital  rim,  near  its  centre.  The  floor  is  also  thin,  and  for 
the  greater  part  of  its  extent  overlies  the  antrum  of  Highmore.  In  front,  and  to  its  inner  side, 
close  to  the  lachrymal  groove,  a  slight  depression  is  sometimes  seen  which  indicates  the  point 
of  attachment  of  the  inferior  oblique  muscle. 

The  outer  -wall  of  the  orbit  is  the  strongest ;  it  slopes  forwards  and  outwards,  and  is  formed 
by  the  orbital  plate  of  the  great  wing  of  the  sphenoid  and  by  the  malar  bone.  The  part  formed 
by  the  great  wing  is  separated  from  the  roof  by  the  sphenoidal  fissure,  and  from  the  floor  by  the 
spheno-maxillary  fissure. 

The  sphenoidal  fissure  leads  backwards  into  the  middle  cranial  fossa  ;  it  is  occupied  by  a 
mass  of  connective  tissue,  and  is  traversed  by  the  nerves  which  enter  the  orbit  from  the  cavernous 
sinus  and  by  the  ophthalmic  vein. 

The  spheno-maxillary  fissure  is  also  occupied  by  dense  connective  tissue,  and  in  addition  by 
some  smooth  muscle — the  musculus  orbitalis  of  Mutter  ;  it  leads  into  the  spheno-maxillary  fossa 
behind  and  into  the  zygomatic  fossa  in  front.  At  its  anterior  extremity  it  sometimes  presents 
a  considerable  increase  in  breadth. 

The  orbital  rim  is  much  stronger  than  the  walls  of  the  cavity,  especially  above.  It  is 
weakest  internally,  but  is  well  protected  here  by  the  bony  framework  of  the  bridge  of  the  nose. 
Owing  to  the  manner  in  which  the  upper  and  lower  orbital  margins  project  downwards  and 
upwards  respectively  beyond  the  general  level  of  the  roof  and  floor  of  the  cavity,  the  orbital 
outlet  appears  somewhat  compressed  from  above  downwards,  and  forms  an  oval  figure  the 
long  axis  of  which  is  directed  transversely.  The  supra-orbital  margin  is  interrupted  usually  by 
the  notch  for  the  supra-orbital  vessels  and  nerve,  one  inch  from  the  middle  line.  Outside  the 
notch  this  margin  is  prominent  and  sharp,  but  more  internally  it  has  a  rounded  contour.  The 
infra-orbital  margin  occasionally  presents  a  small  tubercle  near  its  centre,  corresponding  to  the 
articulation  between  the  malar  and  superior  maxillary  bones.  When  unusually  distinct  it  may 
be  mistaken  for  a  fracture,  especially  after  an  injury  to  this  part.  The  orbital  -margin  does 
not  form  a  complete  ring,  but  rather  a  spiral  ;  thus,  if  the  upper  margin  be  followed  inwards,  it 
will  be  found  to  end  in  the  posterior  crest  of  the  lachrymal  bone,  whereas  the  lower  orbital 
margin  ends  in  the  anterior  crest  of  this  bone  (Merkel).  The  narrow  interval  between  these 
margins  is  known  as  the  lachrymal  groove.  The  periosteum  of  the  orbital  cavity  is  comparatively 
thin  ;  it  is  continuous  with  the  dura  mater  of  the  middle  cranial  fossa,  and  also  with  the  periosteum 
of  the  communicating  cavities  above  mentioned. 

Injuries  affecting  the  Orbit. — The  strength  of  the  bony  rim  of  the 
orbit,  especially  above,  helps  to  protect  the  eye  from  injury  in  cases  of 
falls  or  blows  implicating  this  region.  Fractures  involving  the  walls  of 
the  orbit  may  be  the  result  of  direct  or  indirect  violence,  they  may  be 
limited  to  the  bony  rim  in  front,  or  to  one  or  other  of  the  orbital  walls 
behind  this,  but  not  unfrequently  they  involve  both,  especially  in  cases 
where  a  fracture  in  the  form  of  a  fissure  radiates  to  the  orbital  roof  from 
the  frontal  region  of  the  skull. 

Fracture  of  the  orbital  rim  is  usually  caused  by  direct  injury,  and 
may  implicate  the  frontal,  malar,  or  superior  maxillary  bone.  When  the 
lesion  involves  the  wall  of  the  frontal  air  sinus,  evidence  of  the  nature  of 
the  injury  will  be  seen  in  the  emphysema,  which  makes  its  appearance  in 
the  subcutaneous  tissue  of  the  upper  eyelid,  forehead,  and  root  of  the 
nose.  A  fracture  of  the  outer  margin  of  the  orbital  rim  is  sometimes 
associated  with  depression  of  the  malar  bone  and  fracture  of  the  walls 
of  the  antrum  of  Highmore. 

Fracture  of  the  walls  of  the  orbit,  independent  of  its  outer  rim,  is 
usually  caused  by  sharp-pointed  instruments — the  blade  of  a  penknife, 
the  point  of  an  umbrella,  a  sword-cane,  etc.  The  roof  of  the  cavity  is  the 
part  most  liable  to  this  form  of  injury,  and,  owing  to  its  comparative 
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thinness,  it  is  readily  perforated.  Many  cases  are  on  record  in  which 
the  frontal  lobe  of  the  brain  has  been  implicated  by  thrust  wounds  so 
inflicted.  A  penetrating  wound  of  the  inner  orbital  wall  will  open  up 
the  cavity  of  the  nose,  giving  rise  to  epistaxis,  and  perhaps  emphysema, 
within  the  orbital  cavity.  Fractures  of  the  orbital  floor  are  generally 
caused  by  gunshot  wounds,  in  cases  where  the  weapon  has  been  dis- 
charged from  below,  through  the  mouth.  A  fracture  traversing  the 
orbital  plate  of  the  superior  maxilla  is  liable  to  be  associated  with 
damage  to  the  infra-orbital  nerve,  and  loss  of  sensation  of  the  cutaneous 
district  which  it  supplies. 

When  fissured  fractures  extend  into  the  orbit  from  the  vault  of  the 
skull,  the  fissure  not  uncommonly  passes  backwards  into  the  middle 
fossa  through  the  bony  rim  of  the  optic  foramen,  and  as  the  outer  sheath 
of  the  optic  nerve — a  derivation  of  the  dura  mater — is  firmly  adherent 
to  the  bone,  it  may  be  torn  in  the  injury  and  the  nerve  itself  damaged, 
either  through  laceration  of  some  of  its  fibres  or  from  extravasation  of 
blood  into  its  substance,  the  result  being  partial  or  complete  blindness  in 
the  eye  on  that  side.  A  fracture  of  this  type  may  also  extend  through 
the  roof  of  the  sphenoidal  fissure.  Such  injuries  are  sometimes  followed 
by  traumatic  intra-orbital  haematomata.  The  extravasated  blood  makes 
its  way  into  the  retro-orbital  cellular  tissue,  and  if  abundant,  may  cause 
protrusion  of  the  globe  and  subconjunctival  ecchymosis. 

Tumours  originating  in  the  Orbital  Wall. — Osteomata  occasionally 
develop  beneath  the  orbital  periosteum,  and  appear  to  have  a  predilection 
for  the  upper  and  inner  wall  of  the  cavity.  They  are  usually  of  the  com- 
pact or  ivory  variety,  with  a  sessile  attachment,  and  grow  very  slowly. 
When  they  attain  large  dimensions  they  cause  protrusion,  with  lateral 
deviation,  of  the  eyeball,  which  may  be  so  great  as  to  cause  gradual  loss 
of  vision.  Another  form  of  bony  outgrowth,  more  correctly  called  a  hyper- 
ostosis,  is  that  in  which  there  is  excessive  development  of  the  different 
bones  which  enter  into  the  constitution  of  the  orbital  walls,  leading  to  a 
concentric  narrowing  of  the  cavity.  This  condition  is  usually  asso- 
ciated with  hyperostosis  of  the  bones  of  the  face,  and  corresponds  to  that 
peculiar  disfiguring  disease  named  by  Virchow  leontiasis  ossea. 

Sarcomata  originating  in  the  orbital  periosteum  are  by  no  means 
rare ;  they  have  a  rapid  growth,  and  gradually  occupy  the  greater  part  of 
the  orbital  cavity,  displacing  and  infiltrating  the  contained  structures. 
The  globe  is  protruded,  directly  forwards  if  the  tumour  spring  from 
the  apex  of  the  cavity,  but  more  commonly  it  undergoes  a  lateral 
deviation  also  as  the  tumour  springs  in  the  majority  of  cases  from 
one  of  the  side  walls  of  the  orbit.  Sarcomata  originating  in  any  of  the 
surrounding  regions  bordering  on  the  orbital  cavity — antrum  of  High- 
more,  frontal  sinus,  ethmoidal  cells — may  eventually  make  their  way 
into  its  interior. 


THE  CONTENTS  OF  THE  ORBITAL  CAVITY. 

The  globe  of  the  eye  and  the  optic  nerve  are  the  most  important 
structures  contained  within  the  orbital  cavity.  Those  which  remain  are 
to  be  regarded  as  accessory  to  these,  viz.,  the  intra-orbital  fascia  and  fatty 
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tissue,  the  ocular  muscles  and  their  nerves,  the  ophthalmic  vessels,  and 
the  sensory  filaments  derived  from  the  ophthalmic  division  of  the 
trigeminal  nerve.  These  structures  are  concerned  in  maintaining  the 
eyeball  in  its  normal  position  within  the  cavity,  in  enabling  it  to 
execute  its  complex  rotatory  movements,  in  administering  to  its 
nutrition,  and  in  endowing  it  with  sensibility. 

THE  OCULAR  MUSCLES.— The  extrinsic  muscles  of  the  globe  of  the  eye  are  six  in 
number,  viz.,  the  four  recti  and  the  two  obliques  ;  they  are  arranged  in  pairs,  and  the  muscles  of 
each  pair  act  antagonistically  to  each  other.  With  the  exception  of  the  inferior  oblique,  they  all 
arise  far  back  at  the  apex  of  the  orbital  cavity,  in  the  vicinity  of  the  optic  foramen,  from  a  common 
tendinous  origin  which  surrounds  the  optic  foramen  in  the  greater  part  of  its  circumference, 
and  includes  in  addition  a  small  portion  of  the  sphenoidal  fissure. 

The  Recti  Muscles,  proceeding  from  their  closely  associated  points  of  origin,  diverge 
gradually  from  each  other.  At  first  they  lie  close  to  their  respective  walls  of  the  orbital  cavity 
and  traverse  the  intra-orbital  fatty  tissue.  But  having  reached  the  globe,  they  apply  themselves 
closely  to  the  sclerotic,  and  remain  in  close  relationship  with  it  up  to  their  points  of  insertion, 
which  are  situated  about  6  or  7  mm.  from  the  corneo-scleral  junction.  Each  rectus  ends  in  a 
thin,  flat  tendon,  5  to  6  mm.  in  breadth,  which  before  reaching  its  insertion  passes  through  a  slit- 
like  aperture  in  the  ocular  fascia  or  capsule  of  Tenon  which  invests  the  globe. 

The  Levator  Palpebrae  Superioris  overlies  and  closely  accompanies  the  superior  rectus  for 
the  greater  part  of  its  extent  (fig.  33).  As  the  two  muscles  approach  their  insertions,  however, 
they  diverge  slightly,  and  the  levator  palpebrse,  as  already  described,  expands  into  a  thin  fan-shaped 
tendon,  which  fuses  with  the  septum  orbitale,  and  gains  its  main  attachment  into  the  upper  margin 
of  the  tarsal  plate. 

The  Superior  Oblique,  proceeding  from  the  common  origin  at  the  apex  of  the  orbit,  passes 
forwards  in  close  relationship  to  its  upper  and  inner  wall.  At  a  point  situated  in  front,  near  the 
outlet  of  the  cavity,  and  opposite  the  internal  angular  process  of  the  frontal  bone,  it  passes 
through  a  fibrous  ring,  otherwise  known  as  the  pulley  of  the  superior  oblique,  where  it  bends 
abruptly  and  is  directed  backwards,  outwards  and  downwards  beneath  the  superior  rectus,  to 
be  inserted  into  the  sclerotic  behind  the  equator  of  the  globe  and  to  the  outer  side  of  its 
antero-posterior  axis  (fig.  35). 

The  Inferior  Oblique  arises  from  a  small  depression  at  the  inner  aspect  of  the  orbital  floor, 
close  to  the  bony  canal  for  the  nasal  duct.  It  is  directed  backwards  and  outwards,  ascending 
slightly  as  it  passes  between  the  floor  of  the  orbit  and  the  inferior  rectus.  Curving  round  the 
globe,  it  comes  to  lie  to  the  inner  side  of  the  external  rectus  and  eventually  obtains  insertion  by  a 
flat  tendon  into  the  sclerotic  behind  the  equatorial  plane  of  the  eyeball,  and  behind  and  a  little 
to  the  outer  side  of  the  insertion  of  the  superior  oblique. 

THE  OCULAR  FASCIA  OR  CAPSULE  OF  TENON.— This  is  a  peculiar  and 
at  the  same  time  rather  complicated  fascial  apparatus  which  is  found  within  the  orbital  cavity.  It 
presents  important  relationships  to  the  eyeball,  to  the  ocular  muscles,  and  to  the  orbital  walls ;  and 
as  these  possess  a  considerable  amount  of  practical  importance,  they  will  be  reviewed  seriatim. 

Ocular  connections. — The  capsule  of  Tenon  is  a  well  defined  membranous  structure 
which  partially  invests  the  globe  of  the  eye.  Posteriorly  it  extends  within  a  short  distance  of  the 
optic  nerve,  and  is  reflected  from  the  globe  backwards  over  the  latter,  furnishing  it  with  a  loose 
sheath.  By  its  orbital  aspect  it  is  related  to  the  post -ocular  fat,  and  gives  attachment  to  the 
fibrous  septa  which  separate  the  fatty  lobules.  Traced  forwards  over  the  globe  it  becomes 
gradually  thinner,  and  before  reaching  the  corneo-scleral  junction  it  fuses  with  the  overlying 
conjunctiva.  It  is  pierced  opposite  the  equator  of  the  globe  by  the  four  recti  and  by  the  oblique 
muscles,  a  short  distance  from  their  insertion.  Its  connections  with  the  sclerotic  are  throughout 
of  a  very  loose  character. 

Muscular  connections.  — It  has  just  been  observed  that  the  four  recti  pierce  the  fascial 
investment  of  the  globe.  In  the  vicinity  of  the  slit-like  orifices  through  which  their  tendons  pass 
the  capsule  is  considerably  thickened.  The  margin  of  each  slit  which  lies  next  the  globe  is  quite 
smooth  and  the  tendon  works  over  it  as  over  a  pulley ;  each  tendon,  too,  is  connected  with  the 
openings  in  the  capsule  by  delicate  fibrous-tissue  bands.  Extensions  of  the  fascia  of  an  en- 
sheathing  character  are  prolonged  backwards  over  the  muscles  ;  they  become  very  thin,  however, 
and  soon  fade  away  completely.  The  investment  of  the  superior  oblique  terminates  at  the  fibrous 
pulley,  that  of  the  inferior  oblique  is  connected,  in  addition,  with  the  fascial  sheath  of  the  inferior 
rectus  beneath  the  eyeball. 

Orbital  connections. — Slips  derived  from  the  fascia  are  attached  to  the  outer  and  inner 
walls  of  the  orbit.  The  outer  slip  is  attached  to  the  malar  bone  just  below  the  fronto-malai 
articulation  ;  by  its  ocular  extremity  it  is  connected  with  the  sheath  of  the  external  rectus, 
and  it  also  receives  a  reinforcement  from  the  sheath  of  the  inferior  rectus.  The  innei 
slip  may  be  traced  to  the  lachrymal  bone  behind  the  septum  orbitale  and  the  lachrymal  sac. 
Followed  towards  the  globe,  this  slip  is  found  to  be  connected  with  the  sheath  of  the  internal 
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rectus,  and  is  reinforced  by  an  inward  extension  from  the  sheath  of  the  inferior  rectus.  These 
orbital  slips  of  Tenon's  capsule  are  also  called  the  internal  and  external  cheek  ligaments,  in 
consequence  of  the  restraining  influence  which  they  exert  upon  the  action  of  the  corresponding 
recti  muscles.  The  slips  by  which  they  are  reinforced  below,  and  which  proceed  from  the  sheath 
of  the  inferior  rectus,  form  conjointly  a  supporting  arrangement  for  the  globe,  which  corre- 
sponds to  the  suspensory  ligament  described  by  Lockwood. 

Connections  with  the  Eyelids.— Extensions  of  the  fascia  are  prolonged  from  the  sheaths 
of  the  recti,  especially  the  upper  and  lower,  to  the  tarsal  cartilages  of  the  eyelids.  The 
sheath  of  the  superior  rectus  is  connected  also  with  the  tendon  of  the  levator  palpebrse  superioris, 
and  consequently  this  muscle,  in  addition  to  its  elevating  action  upon  the  eyeball,  tends,  when 
forcibly  contracting,  to  raise  the  upper  eyelid.  Small  slips  of  Tenon's  fascia  have  also  been 
traced  into  the  conjunctiva  at  the  upper  and  lower  fornices. 

The  Ocular  portion  of  the  Capsule  of  Tenon  is  arranged  in  such  a 
way  as  to  furnish  the  globe  of  the  eye  with  a  socket,  in  which  its  rotatory 
movements,  to  be  studied  presently,  take  place  very  much  in  the  same 
way  as  the  head  of  a  long  bone  such  as  the  humerus  revolves  in  its  articular 
cavity  ;  in  the  case  of  the  eye,  however,  there  is  not  a  true  articular  cavity, 
but  rather  a  large  lymphatic  space  (supra-scleral\  traversed  by  loose 
connective-tissue  bands  passing  between  the  globe  and  the  capsule.  This 
ocular  portion  of  the  fascia  is  enveloped  behind  by  the  post-ocular  fat,  and 
both  together  form  a  cushion  or  elastic  buffer  against  which  the  globe  rests, 
and  by  which  it  is  enabled  to  escape  the  dangerous  effects  of  blows  or 
severe  pressure  tending  to  drive  it  violently  backwards.  The  globe  is 
also  well  supported  below  by  the  expansions  of  the  fascia,  which  are 
connected  on  each  side  with  the  bony  wall  of  the  orbit,  and  which  form 
for  it  a  true  suspensory  apparatus.  The  lateral  attachments  of  the  fascia 
to  the  orbital  wall  have  received  the  name  of  check  ligaments  owing  to 
their  connections  with  the  external  and  internal  recti,  and  from  the 
obvious  function  which  they  possess  in  limiting  the  action  of  these 
muscles  and  preventing  excessive  rotation  of  the  eyeball  in  an  outward 
or  inward  direction.  Furthermore,  from  the  manner  in  which  these 
muscles,  or  rather  their  fascial  sheaths,  are  held  by  the  check  ligaments, 
it  is  evident  that  when  they  contract  they  are  prevented  from  exerting 
any  injurious  compressing  force  against  the  globe  of  the  eye.  The  bony 
attachments  of  the  fascia  also  play  an  important  part  in  enabling  the 
capsule  of  Tenon  to  maintain  the  eye  at  its  normal  level  within  the 
orbital  cavity,  rendering  its  displacement,  as  a  whole,  in  any  direction  im- 
possible. Thus,  in  the  execution  of  its  movements,  the  eyeball  never  alters 
its  relative  position  with  regard  to  the  orbital  outlet  or  the  orbital  walls  ; 
in  other  words,  the  ocular  movements  are  of  a  rotatory  character,  they 
take  place  around  axes  which  traverse  the  globe  in  different  directions, 
and  find  their  expression  in  the  varying  attitude  of  the  cornea.  Excessive 
inward  sinking  of  the  eye  (enophthalmos]  also  is  prevented  by  the  orbital 
attachments  of  Tenon's  fascia.  In  cases  of  advanced  emaciation,  when 
the  post-ocular  fat  disappears,  the  external  contour  of  the  orbital  region 
becomes  very  distinct,  and  the  eyeball  appears  to  have  receded;  this, 
however,  can  only  take  place  up  to  a  certain  point,  in  consequence  of  the 
suspensory  arrangements  just  mentioned. 

The  Ocular  movements. — The  primary  position  of  the  eye,  from 
which  it  may  be  moved  around  its  different  axes  of  rotation,  is  that  in 
which,  the  head  being  held  erect,  the  gaze  is  directed  forwards  in  the 
horizontal  plane.  In  this  position  the  antero-posterior  axes  of  the  eye 
and  of  the  orbital  cavity  do  not  correspond ;  for  whereas  that  of  the 
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former  lies  accurately  in  the  antero-posterior  or  sagittal  plane,  the  long 
axis  of  the  latter  is  directed  from  without,  inwards  and  backwards. 

The  principal  axes  upon  which  the  eyeball  moves  are  as  follows : — 
{i)  Antero-posterior. — This  corresponds  to  the  optical  axis  (fig.  35);  it  passes 
through  the  centre  of  the  cornea  in  front  and  through  the  yellow  spot 
{macula  luted)  behind.  The  eyeball  moves  upon  this  axis  after  the  manner 
of  a  wheel,  and  the  range  of  movement  is  expressed  by  the  degree  of  rota- 


FIG.  35. — Diagram  to  explain  the  mode  of  action  of  the  ocular  muscles  and  the  principal 
axes  of  rotation  of  the  globe. 

tion  of  the  vertical  meridian  of  the  cornea  inwards  towards  the  nose,  or 
outwards  towards  the  temple.  (2)  Transverse. — This  axis  traverses  the 
globe  in  the  equatorial  plane,  and  the  movements  which  take  place  around 
it  are  expressed  by  elevation  or  depression  of  the  cornea,  as  in  looking 
directly  upwards  or  downwards.  (3)  Vertical. — Rotation  of  the  eyeball 
around  this  axis  is  accompanied  either  by  adduction  (convergence)  or 
by  abduction  (divergence  of  the  cornea.  (4)  Oblique. — The  movements 
which  take  place  around  the  oblique  axes  are  those  in  which  the  cornea 
is  moved  either  upwards  or  downwards,  with  at  the  same  time  an  inward 
or  outward  deviation. 

The  action  of  the  individual  Ocular  Muscles. — (i)  The  Superior 
Rectus,  as  will  be  seen  by  the  adjoining  diagram  (fig.  35),  is  inserted  into 
the  sclerotic  in  front  of  the  equator  of  the  eye,  and  a  little  to  the  inner 
side  of  its  antero-posterior  axis.  By  its  independent  contraction  it  would 
•cause  elevation,  adduction,  and  slight  rotation  of  the  cornea  inwards.  (2) 
The  Inferior  Rectus  similarly  would  cause  depression,  adduction,  and  slight 
rotation  of  the  cornea  outwards.  (3)  The  Internal  Rectus  causes  the 
cornea  to  move  directly  inwards  (adduction  or  convergence).  (4)  The 
External  Rectus  causes  the  cornea  to  move  directly  outwards  (abduction 


120  APPLIED  ANATOMY 

or  divergence).  (5)  The  Superior  Oblique,  taking  its  fixed  point  in  front 
and  to  the  inner  side  of  the  orbital  cavity,  and  exerting  its  pull  upon  the 
globe  behind  the  equator,  and  to  the  outer  side  of  its  antero-posterior 
axis,  will  cause  inward  rotation,  depression,  and  abduction  of  the  cornea. 
(6)  The  Inferior  Oblique  also  has  its  fixed  point  in  front  and  to  the  inner 
side  of  the  orbit,  and  exerts  its  pull  upon  the  globe  behind  the  equator  and 
to  the  outer  side  of  its  antero-posterior  axis.  It  causes  outward  rotation, 
elevation,  and  abduction  of  the  cornea. 

A  little  consideration  will  show  that  the  ocular  movements,  with  the 
exception  of  abduction  and  adduction,  which  are  each  under  the  control 
of  a  single  muscle,  are  of  a  complicated  character,  and  require  for  their 
execution  the  combined  action  of  certain  muscles.  This  is  well  seen  in 
elevation  and  depression  of  the  cornea.  In  the  former  movement  the 
tendency  of  the  superior  rectus  to  adduct  and  rotate  the  cornea  inwards 
is  counteracted  by  the  inferior  oblique,  which,  in  addition  to  its  elevating 
action,  is  capable  of  causing  abduction  and  outward  rotation  of  the 
cornea.  Movement  of  the  cornea  directly  upwards,  therefore,  is  brought 
about  by  the  associated  action  of  these  two  muscles.  The  following  list 
includes  the  principal  rotatory  movements  of  the  eye,  together  with  the 
muscles  by  which  they  are  carried  out.  The  various  axes  of  rotation 
around  which  they  take  place  are  given  above. 

Movements  of  the  Cornea  : 

1.  Directly  upwards  (Elevation) Superior  Rectus  and  Inferior  Oblique. 

2.  Directly  downwards  (Depression), Inferior  Rectus  and  Superior  Oblique. 

3.  Directly  inwards  (Adduction), Internal  Rectus. 

4.  Directly  outwards  (Abduction) External  Rectus. 

5.  Upwards  and  outwards  (Elevation  and  Abduc- 

tion)  Superior  Rectus,  External  Rectus,  and 

Inferior  Oblique. 

6.  Upwards  and  inwards  (Elevation  and  Adduc- 

tion),  Superior  Rectus,  Internal  Rectus,  and 

Inferior  Oblique. 

7.  Downwards  and  outwards, Inferior  Rectus,  External  Rectus,  and 

Superior  Oblique. 

8.  Downwards  and  inwards Inferior  Rectus,  Internal  Rectus,  and 

Superior  Oblique. 

Tenotomy  of  the  tendon  of  the  internal  or  external  rectus  is  some- 
times required  for  the  purpose  of  correcting  the  deviation  of  the  affected 
eye  in  cases  of  strabismus  and  rendering  the  visual  axes  parallel.  The 
operation  is  very  simple,  and  consists  in  making  an  incision  through  the 
conjunctiva  and  capsule  of  Tenon  directly  over  the  insertion  of  the 
tendon,  passing  a  blunt  hook  beneath  the  latter,  and  dividing  it  close  to 
its  insertion  into  the  sclerotic.  From  the  account  which  has  been  given 
of  the  capsule  of  Tenon  it  will  be  understood  that  the  divided  tendon  is 
prevented  retracting  fully  owing  to  its  connections  with  the  en  sheathing 
layer  it  derives  from  this  membrane.  It  is  obvious,  too,  that  through 
these  connections  the  tendon  can  still  exert  some  influence  indirectly 
over  the  movements  of  the  eyeball. 

THE  ORBITAL  NERVES.— The  Third  or  Oculor-Motor  Nerve  is  continued  from 
the  outer  wall  of  the  cavernous  sinus,  through  the  sphenoidal  fissure,  into  the  orbital  cavity.  On 
its  way  it  breaks  up  into  a  superior  and  an  inferior  division,  both  of  which  pass  between  the  two- 
heads  of  the  external  rectus.  The  superior  division  supplies  the  superior  rectus  and  the 
levator  palpebrce  superioris.  The  inferior  division  subdivides  into  three  branches,  one  of  which 
goes  to  the  inferior  rectus,  another  to  the  internal  rectus,  while  the  third,  which  is  the  longest, 
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runs  forwards  between  the  inferior  and  the  external  rectus  to  the  inferior  oblique  ;  it  also  furnishes 
the  motor  root  to  the  ciliary  or  lenticular  ganglion.  The  oculo-motor  nerve  therefore  supplies 
all  the  extrinsic  muscles  of  the  eyeball  with  the  exception  of  the  superior  oblique  and  the 
external  rectus.  Indirectly  it  also  supplies  the  intrinsic  muscles,  viz. ,  the  sphincter  iridis  and 
the  ciliary  muscle  through  the  branches  which  reach  the  globe  from  the  ciliary  ganglion. 

The  Fourth  Nerve  having  traversed  the  sphenoidal  fissure  at  its  innermost  part,  crosses 
inwards  above  the  origin  of  the  levator  palpebrae  and  enters  the  upper  margin  of  the  superior 
oblique  muscle,  to  which  it  is  solely  distributed. 

The  Sixth  Nerve  traverses  the  sphenoidal  fissure  between  the  inferior  division  of  the 
third  nerve  and  the  ophthalmic  vein.  It  passes  into  the  orbital  cavity  between  the  two  heads 
of  the  external  rectus,  and  ends  by  sinking  into  this  muscle  on  its  ocular  aspect. 

Paralysis  of  the  Ocular  Muscles  may  be  brought  about  by  injury  or 
disease  affecting  the  above  nerves,  either  within  the  brain  or  at  any  part 
of  their  course  between  their  exit  from  the  brain  and  the  muscles  to 
which  they  are  respectively  distributed.  Within  the  orbit  they  are  liable 
to  be  involved  by  penetrating  wounds,  or  injuriously  compressed  by 
tumours,  haemorrhagic  or  purulent  collections,  or  by  an  aneurysm  of  the 
ophthalmic  artery.  As  they  pass  through  the  sphenoidal  fissure  they 
may  be  readily  compressed  by  periosteal  gummata,  or  indirectly  injured 
by  basal  fractures  which  traverse  this  region.  In  the  middle  cranial 
fossa  they  are  sometimes  injuriously  compressed  by  an  aneurysm  of  the 
internal  carotid  artery  or  by  gummatous  disease  of  the  dura  mater, 
and  they  are  invariably  affected  in  the  course  of  thrombosis  of  the 
cavernous  sinus.  The  pressure  of  the  inflammatory  exudation  in  basal 
meningitis  is  also  an  occasional  cause  of  compression  of  the  ocular 
nerves  and  paralysis  of  the  muscles  which  they  supply.  A  tumour  at 
the  base  of  the  brain  at  the  level  of  the  interpeduncular  space  is 
particularly  liable  to  implicate  the  third  nerve. 

Paralysis  of  the  Third  Nerve  is  in  many  cases  of  a  partial  nature  ; 
should  it  be  complete,  however,  the  following  symptoms  will  be  noted  : — 
(i)  Drooping  of  the  upper  eyelid,  or  ptosis.  (2)  Deviation  of  the  cornea 
outwards,  or  divergent  strabismus,  through  the  unopposed  action  of  the 
external  rectus.  (3)  Double  vision,  or  diplopia.  This  is  explained  by  the 
deviation  of  the  eye  on  the  paralysed  side,  in  consequence  of  which  rays 
of  light  entering  the  eyes  are  no  longer  brought  to  a  focus  upon  corre- 
sponding points  of  both  retinae.  (4)  Dilatation  of  the  pupil  (mydriasis), 
owing  to  paralysis  of  the  sphincter  iridis.  (5)  Loss  of  the  power  of 
accommodation  from  paralysis  of  the  ciliary  muscle.  (6)  Movement  of  the 
cornea  upwards,  inwards,  or  directly  downwards  is  impossible.  Movement 
downwards  and  outwards  with  rotation  inwards,  however,  is  still  possible 
through  the  agency  of  the  superior  oblique,  the  action  of  which  can  be 
plainly  demonstrated  in  many  cases. 

Paralysis  of  the  Fourth  Nerve  is  very  rare  by  itself.  A  case  has 
been  recorded  in  which  the  nerve  was  compressed  close  to  its  origin 
from  the  valve  of  Vieussens  by  a  tumour  of  the  pineal  gland  the  size  of 
a  walnut  (quoted  by  Swanzy).  It  has  also  been  involved  in  basal 
meningitis.  Limited  movement  of  the  eyeball  downwards  is  the  chief 
motor  symptom.  The  lower  margin  of  the  cornea  occupies  a  some- 
what higher  level  than  on  the  opposite  side.  Diplopia  will  be  present, 
especially  when  an  effort  is  made  to  look  downwards  and  inwards,  as  in 
descending  stairs. 

Paralysis  of  the  Sixth  Nerve  is  followed  by  deviation  of  the  cornea 
inwards,  i.e.  convergent  strabismus,  and  it  is  impossible  to  move  it  out- 
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wards  by  a  voluntary  effort  beyond  the  centre  of  the  palpebral  aperture. 
Diplopia  is  also  present.  The  loss  in  the  power  of  abduction  may  be 
counteracted  to  some  extent  by  the  conjoined  action  of  the  oblique 
muscles. 

The  Sensory  Nerve  Supply  of  the  eyeball  and  intra-orbital  structures  is  derived  from  the 
ophthalmic  division  of  the  trigeminal  nerve  together  with  some  filaments  from  the  temporo- 
malar  branch  of  the  superior  maxillary  division. 

Ophthalmic  Division  of  the  Trigeminal  Nerve. — Before  it  enters  the  sphenoidal  fissure 
this  nerve  breaks  up  into  three  branches,  viz.,  \hefronlal,  nasal,  and  lachrymal  nerves.  The 
frontal  nerve  passes  forwards  close  to  the  orbital  roof  above  the  levator  palpebrse,  and  divides  into 
two  branches  which  are  known  as  the  supra-orbital  and  supra-trochlear  nerves,  both  of  which  have 
been  studied  with  the  scalp.  The  lachrymal  nerve  communicates  with  the  temporo-malar  nerve, 
and  sends  several  branches  into  the  substance  of  the  lachrymal  gland.  One  of  its  terminal  branches 
pierces  the  outer  part  of  the  upper  eyelid,  and  is  distributed  to  the  integument  and  to  the  con- 
junctiva in  the  region  of  the  external  can  thus.  The  nasal  nerve  is  directed  forwards  and  inwards 
over  the  optic  nerve  to  the  inner  wall  of  the  orbit,  where  it  enters  the  anterior  ethmoidal  canal. 
Its  principal  branches  are  the  sensory  root  to  the  lenticular  ganglion,  the  long  ciliary  nerves, 
usually  two  in  number,  which  travel  forwards  along  the  inner  side  of  the  optic  nerve  and  pierce 
the  sclerotic  coat,  and  the  infra-trochlear  nerve,  which  is  distributed  to  the  skin  at  the  root  of  the 
nose  and  to  the  conjunctiva  at  the  level  of  the  inner  canthus.  Beyond  the  limits  of  the  orbital 
cavity,  branches  are  given  by  the  nasal  nerve  to  the  mucous  membrane  of  the  nose,  and  its 
terminal  filaments  are  distributed  to  skin  over  the  lower  part  of  the  ala  nasi. 

The  Functions  of  the  Ophthalmic  Division  of  the  Trigeminal  Nerve 
may  be  interfered  with  or  completely  annulled  through  agencies  similar 
to  those  enumerated  in  connection  with  paralysis  of.  the  motor  nerves 
of  the  orbit.  Hyperaesthesia  of  the  cutaneous  areas  which  it  supplies, 
especially  over  the  forehead,  or  pain  of  a  neuralgic  character,  is 
occasionally  observed  ;  in  some  cases  there  is  also  increased  lachrymal 
secretion.  When  the  function  of  the  nerve  is  entirely  suppressed  there  will 
be  anaesthesia  of  the  parts  which  it  supplies,  viz.,  over  the  forehead,  upper 
eyelid,  root  of  the  nose,  internal  canthus,  the  conjunctiva,  with  the  excep- 
tion of  that  which  invests  the  lower  eyelid  and  which  is  supplied  by  the 
infra-orbital  nerve,  the  cornea,  the  lower  part  of  the  ala,  and  the  tip  of  the 
nose.  Loss  of  the  sensibility  of  the  cornea  and  conjunctiva  sometimes 
leads  to  serious  consequences  owing  to  the  irritative  action  of  dust  and 
external  agencies  of  various  kinds.  Conjunctivitis  quickly  develops,  and 
is  succeeded  by  inflammation  and  ulceration  of  the  cornea,  and  subsequent 
involvement  of  the  intra-ocular  structures,  or  purulent  panophthalmitis, 
which  terminates  in  general  destruction  of  the  globe  (phthisis  bulbi). 
The  fibres  of  the  trigeminal  nerve  distributed  within  the  eye  have  been 
supposed  to  possess  a  trophic  function  over  the  organ,  but  it  is  probable 
that  the  destructive  changes  just  mentioned  are  due  not  so  much  to  loss 
of  trophic  nerve  influence  as  to  the  complete  loss  of  sensibility  of  the 
cornea.  Further  information  respecting  the  cutaneous  distribution  of 
this  ophthalmic  division  will  be  found  in  the  sections  dealing  with  the 
applied  anatomy  of  the  scalp  and  face. 

BLOOD-VESSELS.— The  Ophthalmic  Artery  is  a  branch  of  the  internal  carotid, 
and  enters  the  optic  foramen  with  the  optic  nerve,  lying  below  and  to  its  outer  side.  Within  the 
orbital  cavity  it  pursues  a  curved  course  from  without,  inwards  and  forwards  over  the  optic  nerve 
and  beneath  the  superior  rectus.  Finally  it  passes  forwards  beneath  the  pulley  of  the  superior 
oblique,  and  its  terminal  or  fronto-nasal  branch  becomes  superficial  at  the  inner  angle  of  the 
orbit  above  the  tendo  oculi,  where  it  anastomoses  freely  with  the  terminal  or  angular  branch  of 
the  facial  artery.  The  ophthalmic  artery  gives  off  a  large  number  of  branches,  which  present 
very  great  irregularity  however,  both  as  regards  their  size  and  their  mode  of  origin.  They  all 
pursue  a  very  tortuous  course,  and  are  loosely  connected  with  the  orbital  fat ;  the  principal  are^  the 
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lachrymal,  supra-orbital,  arteria  centralis  retinae,  muscular,  ciliary,  ethmoidal,  palpebral,  frontal 
and  nasal  arteries  ;  a  few  small  branches  of  the  infra-orbital  artery  (int.  maxillary)  are  also  distri- 
buted within  the  orbit. 

The  Ophthalmic  Veins  are  two  in  number,  and  are  named  respectively  superior  and  inferior. 
The  superior  ophthalmic  vein  commences  in  the  junction  of  the  frontal,  supra-orbital,  and 
angular  veins,  at  the  inner  angle  of  the  orbit.  It  passes  backwards  and  outwards  above  the 
optic  nerve,  and  is  joined  by  the  inferior  ophthalmic  vein  near  the  apex  of  the  orbital  cavity,  the 
resulting  trunk  being  termed  the  common  ophthalmic  vein.  This  vessel  passes  through  the 
sphenoidal  fissure  below  the  sixth  nerve,  and  between  the  heads  of  the  external  rectus,  and 
•ends  in  the  cavernous  sinus.  In  addition  to  the  tributaries  which  the  ophthalmic  veins  receive 
from  the  intra-orbital  structures,  they  have  very  important  extra-orbital  communications  ;  the 
more  important  being,  (a)  with  the  veins  of  the  face  and  forehead,  (£)  with  the  frontal  diploic 
veins,  (c)  with  the  ethmoidal  veins  from  the  nose,  (d)  with  the  pterygoid  venous  plexus  and 
deep  facial  vein  by  communicating  vessels  which  pass  through  the  spheno-maxillary  fissure, 
(e)  with  the  infra-orbital  vein,  and  (/)  with  veins  proceeding  from  the  upper  jaw  and  the  antrum 
of  Highmore. 

Pulsating-  Tumours  within  the  Orbital  Cavity  depend  most 
•commonly  upon  an  aneurysm  of  the  ophthalmic  artery,  or  upon  an 
arterio-venous  aneurysm  between  the  internal  carotid  artery  and  the 
cavernous  sinus.  The  latter  condition  offers  considerable  obstruction 
to  the  return  of  blood  along  the  ophthalmic  veins,  and  pulsation  is 
transmitted  along  these  from  the  sinus,  and  may  be  visible  in  the 
•dilated  veins  of  the  forehead  and  eyelids.  Distension  of  the  intra- 
orbital  veins  causes  protrusion  of  the  eyeball,  or  exophthalmos,  in  addi- 
tion to  which  a  thrill  and  bruit  are  usually  present,  and  can  readily  be 
perceived  by  the  aid  of  the  stethoscope.  If  the  common  carotid  artery  on 
the  same  side  be  compressed,  the  pulsation  and  bruit  disappear.  Com- 
pression of  the  orbital  nerves  is  followed  by  paralysis  of  certain  of  the 
•eye  muscles,  and  neuralgic  pain,  referred  to  the  forehead,  is  sometimes  a 
source  of  much  distress. 

Pulsation  is  also  observed  in  certain  forms  of  intra-orbital  sarcoma, 
and  is  frequently  present  on  both  sides  in  individuals  suffering  from 
•exophthalmic  goitre.  The  high  degree  of  pathological  interest  possessed 
by  the  ophthalmic  veins  is  mainly  due  to  their  extensive  extra- 
orbital  communications.  A  glance  at  these  will  explain  the  occur- 
rence of  thrombosis  of  the  cavernous  sinus  in  the  course  of  acute 
infective  processes  originating  in  regions  remote  from  the  sinus,  as  for 
•example  carbuncle  of  the  face,  osteo-myelitis  in  the  frontal  diploic  tissue, 
ulcerative  inflammation  within  the  nasal  cavity,  inflammation  of  the 
superior  maxilla  or  of  the  lining  membrane  of  the  antrum  of  Highmore. 

Thrombosis  of  the  ophthalmic  veins  or  of  the  cavernous  sinus  is 
followed  by  marked  protrusion  of  the  eyeball  and  swelling  of  the  eye- 
lids and  conjunctiva  (ckemosis). 

Intra-orbital  Cellulitis. — Infective  matter  may  reach  the  fatty 
cellular  tissue  of  the  orbit  from  the  surrounding  regions,  through  an 
•open  wound,  by  the  arterial  blood  stream  in  cases  of  pyaemia,  or  by  the 
ophthalmic  veins  when  these  are  the  seat  of  thrombosis.  The  rapid  swell- 
ing which  develops  within  the  orbital  cavity  causes  protrusion  and  fixity 
of  the  eyeball,  intense  redness  and  swelling  of  the  conjunctiva  and  eyelids, 
and  severe  neuralgic  pain  over  the  sensory  areas  supplied  by  the  ophthal- 
mic division  of  the  fifth  nerve.  The  eyeball  itself  may  subsequently  be 
involved  and  destroyed  by  panophthalmitis,  and  there  is  great  danger  of 
the  process  extending  backwards  intracranially  by  the  veins  or  along 
the  nerves  to  the  cavernous  sinus  and  the  meninges.  An  abscess  within 


124  APPLIED  ANATOMY 

the  orbit  sometimes  discharges  its  contents  externally,  a  favourite  site 
being  below  and  at  the  outer  side  of  the  conjunctival  sac.  This  also  is 
probably  the  best  site  for  incising  the  abscess,  the  tenotome  being 
directed  between  the  globe  and  the  outer  wall  of  the  orbit. 


THE  EYEBALL. 

The  eyeball  is  not  quite  spherical,  but  presents  a  shallow  circular 
constriction  in  front  at  the  junction  of  its  anterior  sixth  with  its 
posterior  five-sixths.  The  anterior  or  smaller  segment  corresponds  to 
the  cornea,  the  posterior  or  larger  segment  to  the  sclerotic  ;  the  two 
taken  together  form  the  outer  coat  of  the  eyeball,  but  differ  from  each 
other  in  several  important  particulars. 

The  Sclerotic  is  a  dense  connective- tissue  membrane  with  a  pearly  white  appearance,  but 
is  peculiar  in  containing  very  little  elastic  tissue.  The  white  fibrous  bundles  which  enter  into  its 
composition  run  in  different  directions,  but  for  the  most  part  antero-posteriorly  and  circularly  ; 
they  are  reinforced  behind  by  the  outer  sheath  of  the  optic  nerve,  and  here  the  sclerotic  is  thickest. 
It  becomes  thinner,  however,  as  it  is  followed  forwards,  but  receives  an  accession  of  fibres  in  front 
of  the  equator  from  the  tendons  of  the  recti  muscles.  In  front  it  is  continued  without  interrup- 
tion into  the  cornea,  but  as  the  transition  of  the  one  into  the  other  is  effected  somewhat  sooner 
on  its  deep  than  on  its  superficial  aspect,  an  antero-posterior  section  of  the  corneo-scleral 
junction  may  be  said  to  resemble  an  overlapping  bony  suture.  Close  to  the  cornea  and  in  the 
deeper  layers  of  the  sclerotic  there  is  an  important  venous  sinus — the  Canal  of  Schlemm  — which 
passes  all  round  in  a  circular  direction,  and  possesses  very  important  functions,  to  be  noted 
presently.  The  sclerotic  is  pierced  a  little  below  and  to  the  inner  side  of  the  posterior  pole  of 
the  eyeball  by  the  optic  nerve  ;  it  is  very  thin  here,  but  its  continuity  is  still  retained  in  the  form 
of  an  interlacement  of  white  fibrous  bundles,  which  is  known  as  the  lamina  cribrosa. 

The  Cornea,  in  contrast  with  the  sclerotic,  is  clear  and  transparent.  It  is  covered 
superficially  by  a  stratified  epithelium,  continuous  with  that  of  the  conjunctiva,  and  the 
deeper  cells  rest  upon  a  clear  structureless  layer,  which  has  been  termed  the  anterior 
limiting  membrane  of  the  cornea.  Posteriorly  it  is  also  covered  by  an  epithelium  consisting 
of  flat  polygonal  cells  which  rest  upon  a  well  denned  vitreous  lamina,  the  posterior  limiting 
membrane,  or  the  membrane  of  Descemet.  At  the  periphery  of  the  cornea  this  membrane 
breaks  up  into  fibrous  bundles  which  arch  backwards  and  become  connected  with  the  basal 
at  tachment  of  the  iris.  These  arching  fibres  constitute  what  is  known  as  the  ligamentum  pectinatum 
iridis.  The  main  part  of  the  cornea  has  a  laminated  structure.  The  laminse  consist  of  layers 
of  white  fibrous  tissue,  held  together  by  a  homogeneous  cementing  material,  and  the  fibres  of  the 
opposing  layers  cross  each  other  at  right  angles.  The  entire  cornea  is  deficient  in  blood-vessels 
except  at  its  extreme  periphery  ;  it  is  traversed,  however,  by  an  elaborate  system  of  lymph 
canals.  Numerous  nerves  enter  it  from  a  plexus  which  is  situated  in  the  ciliary  region,  and  the 
fine  terminal  ramifications  of  those  which  are  distributed  throughout  its  superficial  layers  pierce 
the  anterior  limiting  membrane,  and  end  as  minute  fibrils  between  the  cells  of  the  cornea! 
epithelium.  The  consistency  of  the  cornea  is  very  firm  ;  its  thickness,  however,  is  not  uniform, 
but  diminishes  somewhat  as  it  approaches  the  anterior  pole  of  the  eyeball.  As  the  overlapping 
of  the  cornea  by  the  sclerotic  is  most  marked  above  and  below,  the  outline  of  the  former,  as 
viewed  from  the  front,  is  elliptical  rather  than  circular.  According  to  some  authorities,  the 
cornea  may  be  divided  developmentally  into  three  layers:  (i)  an  anterior  or  conjunctival  layer, 
consisting  of  the  epithelium,  anterior  basal  membrane,  and  a  thin  layer  of  corneal  tissue  behind 
this,  continuous  with  the  conjunctiva  ;  (2)  an  intermediate  or  scleral  layer,  directly  continuous  with 
the  sclerotic  ;  and  (3)  a  deep  or  chorioidal  layer,  which  is  made  up  of  the  posterior  epithelium, 
the  membrane  of  Descemet,  and  a  thin  layer  of  tissue  in  front  of  this  which  belongs  to  the  middle 
coat.  The  practical  significance  of  these  layers  will  be  noted  in  connection  with  certain  forms  of 
corneal  disease. 

The  Sclerotic  and  Cornea  together  form  a  protective  envelope  for  the 
delicate  intra-ocular  structures,  which  by  its  strength  and  density  enables 
the  eyeball  to  maintain  its  approximately  spherical  form,  which  is  so 
essential  for  the  execution  of  its  complex  rotatory  movements.  The 
sclerotic  is  sometimes  unusually  thin,  and  when  this  is  so  its  anterior  or 
visible  portion  assumes  a  bluish  tint,  and  loses  its  characteristic  pearly 
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white  appearance.  This  is  due  to  the  pigment  of  the  middle  coat  shining 
through,  and  is  not  uncommonly  observed  in  young  weakly  children. 
The  sclerotic  possesses  but  very  slight  elasticity,  and  for  this  reason  it  is 
unable  to  expand  readily  when  the  intraocular  pressure  is  increased,  or 
to  contract  in  a  uniform  manner  when  the  pressure  undergoes  any  marked 
diminution.  Increased  intra-ocular  tension  is  liable,  therefore,  to  be 
followed  by  injury  of  the  delicate  retinal  tissue  in  consequence  of  the  severe 
compression  to  which  it  is  subjected ;  it  is  accompanied  also  by  acute 
pain,  and  this  is  readily  explained  from  the  fact  that  the  ciliary  nerves 
pierce  the  sclerotic  around  the  entrance  of  the  optic  nerve,  and  sub- 
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FIG.  36. — Diagrammatic  representation  of  the  tunics  of  the  eyeball  and  the 
intra-ocular  media. 

sequently  run  forwards  in  a  layer  of  loose  tissue  between  the  sclerotic 
and  chorioid.1l  They  are  therefore  easily  compressed,  and  perhaps  strained 
to  some  extent  also,  where  they  pierce  the  membrane. 

The  non-vascular  character  of  the  sclerotic  explains  why  it  is  so 
seldom  the  seat  of  inflammatory  changes,  and  why  its  colour  alters  so 
little  when  inflammation  is  present.  The  dull  red  or  purple  zone  which 
it  displays  in  the  vicinity  of  the  corneal  margin  in  certain  conditions  is 
indicative  of  inflammation  of  the  iris  and  ciliary  body  rather  than  of  the 
sclerotic  itself.  It  is  caused  by  the  distension  of  the  episcleral  networks 
which  are  derived  from  the  anterior  ciliary  vessels,  and  has  been  fully 
described  already  in  connection  with  the  vascular  changes  which  are 
observed  in  conjunctivitis. 

Wounds  of  the  Sclerotic  are  dangerous,  not  so  much  in  consequence  of 
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the  damage  inflicted  upon  this  part,  as  of  the  possibility  of  the  deeper 
structures  being  implicated,  especially  the  ciliary  body,  the  lens,  and  the 
vitreous  humour.  Should  infective  matter  have  been  introduced,  there  is 
great  risk  of  purulent  inflammation  being  started  in  the  uveal  tract 
(c1iorioiditis,cyclitis,  iritis),  and  passing  on  to  panophthalmitis,  and  perhaps 
sympathetic  ophthalmia  in  the  opposite  eye. 

The  Cornea  forms  a  window  for  the  eyeball,  as  it  transmits  the  rays 
of  light  which  illuminate  the  retina  and  give  rise  to  that  accurate 
perception  of  external  objects  which  constitutes  distinct  vision.  Owing 
to  its  anterior  convexity,  the  cornea  has  the  important  property  of 
rendering  convergent  parallel  rays  of  light  which  enter  the  eye,  and 
accordingly  it  is  to  be  regarded  as  an  important  refractive  medium, 
acting  in  this  respect  in  conjunction  with  the  crystalline  lens.  It  by 
no  means  uncommonly  happens  that  the  curvature  of  the  cornea  is 
more  convex  in  one  meridian — usually  the  vertical — than  in  the  other ; 
this  is  what  gives  rise  to  the  defect  in  refraction  known  as  Astigmatism. 

The  cornea  sometimes  bulges  forwards  with  an  unusual  degree  of 
prominence  and  forms  a  cone,  the  summit  of  which  ends  bluntly,  and 
usually  occupies  the  centre  of  the  cornea.  It  is  termed  conical  cornea, 
or  Keratoconus,  and  is  probably  due  to  an  atrophic  condition  of  the 
cornea  at  its  centre,  rendering  it  weak  and  liable  to  yield  before  the 
normal  intra-ocular  pressure. 

Although  the  cornea  possesses  no  proper  blood-vessels  after  birth, 
yet  it  is  maintained  in  a  condition  of  high  vitality  by  the  lymph 
circulation  which  is  carried  on  through  an  elaborate  system  of  canaliculi. 
The  lymph  is  derived  from  the  blood-vessels  of  the  conjunctiva  and  from 
the  anterior  ciliary  vessels ;  it  is  drained  away  mainly  by  the  large 
venous  sinus  which  runs  circularly  within  the  deeper  layers  of  the 
sclerotic  at  the  periphery  of  the  cornea,  and  is  known  as  the  Canal  of 
Schlemm. 

In  consequence  of  its  remarkable  vitality,  wounds  of  the  cornea  usually 
heal  with  great  rapidity  and  sometimes  leave  no  visible  trace  behind.  Its 
exposed  position,  however,  renders  this  part  of  the  outer  coat  of  the  eye- 
ball very  prone  to  pathological  processes  of  an  inflammatory  character. 

The  cornea  is  abundantly  supplied  with  sensory  nerves,  and  the  high 
degree  of  sensibility  which  it  acquires  in  consequence,  accounts  for  the 
painful  symptoms  and  for  the  marked  intolerance  of  light  (photophobia) 
which  accompany  cases  of  corneal  inflammation.  Two  very  constant 
reflex  symptoms  are  also  present  as  a  rule,  viz.,  blepharospasm  and  ex- 
cessive lachrymation.  The  former  is  a  condition  of  reflex  spasm  of  the 
orbicularis  muscle,  and  has  the  effect  of  keeping  out  light  from  the  hyper- 
sensitive and  inflamed  parts.  The  lachrymation  also  is  of  a  reflex 
nature,  the  afferent  channels  being  the  sensory  nerves  of  the  cornea,  and 
the  efferent,  the  secreto-motor  fibres  contained  within  the  lachrymal  nerve. 

In  connection  with  its  sensory  nerve  supply,  there  may  also  be 
mentioned  the  occasional  outbreak  of  herpes  in  the  form  of  a  number  of 
small  clear  vesicles  on  the  cornea  (zona  ophthalmica),  and  at  the  same 
time  there  may  be  evidences  of  herpes  also  in  the  territories  supplied  by 
the  frontal  and  supra-orbital  nerves. 

The  serious  consequences  of  loss  of  sensibility  of  the  cornea  have 
been  already  noted  in  connection  with  the  applied  anatomy  of  the 
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ophthalmic  division  of  the  fifth  nerve,  and  do  not  need  to  be  recapitu- 
lated here. 

Inflammation  of  the  Cornea,  or  Keratitis,  assumes  many  different 
forms ;  it  may  be  circumscribed  or  diffused,  acute  or  chronic,  super- 
ficial or  deep.  One  of  the  results  of  corneal  inflammation  is  suppuration, 
the  pus  cells  being  mainly  leucocytes  which  have  wandered  in  along 
the  lymph  spaces  from  the  conjunctival  and  ciliary  vessels.  Abscesses 
of  the  cornea  usually  discharge  externally,  leaving  a  cavity  behind,  which 
may  gradually  extend  by  a  process  of  ulceration,  and  eventually  lead 
to  perforation  of  the  anterior  chamber  and  escape  of  the  aqueous  humour. 
As  this  takes  place  the  iris  prolapses,  and  may  even  be  partially  herniated 
through  the  corneal  aperture ;  it  may  also  acquire  adhesions  at  this  point 
(anterior  synechid),&&&  become  embedded  in  the  opaque  scar  which  remains 
in  the  cornea  after  healing  has  taken  place  (adherent  leukoma).  Inflamma- 
tion of  the  iris  is  not  infrequent  in  the  course  of  corneal  ulceration,  and  with 
it  there  may  be  associated  a  spreading  infection  of  the  ciliary  body  and 
chorioid,  with  which  the  iris  is  directly  continuous  (cyditis  and  chorioiditis). 

The  healing  of  corneal  ulcers  is  accompanied  in  all  cases  by  the 
formation  of  cicatricial  tissue,  which  leaves  a  permanent  opacity.  These 
corneal  opacities  vary  greatly  in  their  degree,  from  a  small,  almost  im- 
perceptible, cloud  or  haziness  (nebula),  to  a  dense,  absolutely  opaque  area 
of  a  white  or  grey  colour,  which  implicates  the  cornea  to  a  greater  or 
lesser  extent  (leukoma),  vision  being  seriously  interfered  with,  if  not 
altogether  abolished. 

A  peculiar  form  of  keratitis  is  that  to  which  the  term  interstitial  has 
been  applied,  and  which,  according  to  Hutchinson,  is  a  frequent  mani- 
festation of  inherited  syphilis.  It  is  characterised  by  a  progressively 
spreading  cloudiness  of  the  cornea,  as  the  result  of  which  its  polish  is 
altogether  lost,  and  it  acquires  what  has  been  described  as  a  ground- 
glass  appearance.  A  remarkable  feature  of  these  cases  is  that  the  cornea 
may  regain  its  normal  transparency  and  lustre  after  having  been  opaque 
for  several  months,  the  inflammatory  products  being  gradually  carried 
away  into  the  circulation. 

Arcus  senilis  signifies  a  very  common  form  of  corneal  opacity  quite 
unconnected  with  inflammatory  changes.  Its  first  appearance  is  usually 
recognised  in  those  of  middle  age  as  an  opaque  crescent  close  to  the 
upper  periphery  of  the  cornea.  Later  on,  a  second  crescent  appears  below, 
and  eventually  both  join  so  as  to  form  a  complete  circle.  Arcus  senilis 
does  not  interfere  with  vision,  as  it  never  encroaches  upon  the  central 
part  of  the  cornea.  It  is  due  to  a  hyaline  degeneration  of  the  corneal 
cells  and  fibrillae  along  the  line  of  the  opacity,  and  is  sometimes  associ- 
ated with  an  atheromatous  state  of  the  arterial  system.  It  is  of  interest 
to  note  also  that  these  changes  in  its  structure  do  not  interfere  with  the 
healing  of  wounds  of  the  cornea,  as,  for  instance,  in  cataract  operations. 

Under  certain  conditions  the  cornea  is  invaded  by  blood-vessels  and 
becomes  vascularised.  This  change  may  be  limited  to  the  superficial 
corneal  layers  (pannus),  and  is  effected  through  the  agency  of  the  con- 
junctival vessels  which  from  the  developmental  standpoint  occupy  the 
same  plane  as  the  superficial  corneal  stratum.  In  like  manner,  when  the 
deeper  layers  of  the  cornea  become  vascularised,  the  new  formed  vessels 
are  derived  from  the  ciliary  group  which  belong  to  the  middle  coat  of 


128  APPLIED  ANATOMY 

the  eye,  with  which  the  deepest  stratum  of  the  cornea  is  continuous. 
It  is  noteworthy,  too, that  deep  corneal  inflammation  is  liable  to  spread  to 
the  middle  coat,  viz.,  to  the  iris,  ciliary  body,  and  chorioid,  whereas  the 
superficial  forms  of  keratitis  are  frequently  associated  with  con- 
junctivitis, especially  the  chronic  granular  variety. 

THE  MIDDLE  COAT  OF  THE  EYEBALL.— This  tunic  of  the  eye  extends  from 
the  entrance  of  the  optic  nerve  behind  to  the  pupillary  margin  of  the  iris  in  front,  and  is  made 
up  of  three  distinct  parts — the  chorioid,  the  ciliary  body,  and  the  iris.  Taken  collectively,  they 
constitute  what  is  known  as  the  uveal  tract. 

The  Chorioid  possesses  a  dark  brown  or  black  colour  and  forms  the  most  extensive  part  of 
the  middle  coat ;  it  reaches  from  the  optic  nerve  entrance  to  a  point  situated  about  5  mm.  behind 
the  corneo-scleral  junction,  which,  again,  is  on  the  same  level  as  the  ora  serrata  of  the  retina, 
i.e.  the  anterior  limit  of  its  functional  segment.  It  is  loosely  connected  with  the  sclerotic  by 
the  membrana  suprachorioidea,  which  is  made  up  of  a  series  of  concentrically  arranged  layers 
of  connective  tissue,  separated  by  intervening  lymph  spaces,  between  which  the  ciliary  nerves 
and  blood-vessels  pass  from  behind  forwards.  The  chorioid  proper  consists  of  three  strata. 
The  outer  contains  the  larger  branches  of  the  ciliary  arteries  and  the  larger  veins,  together 
with  numerous  pigment  cells  which  are  grouped  around  the  vessels  and  embedded  in  the  con- 
nective tissue  which  forms  the  chorioidal  stroma  (stratum  vasculosum).  The  venous  radicles, 
as  they  converge  to  the  main  trunks,  present  a  peculiar  arborescent  arrangement  or  whorl, 
and  terminate  as  a  rule  in  four  or  five  large  veins,  the  vena  vorticos<z,  which  pierce  the  sclerotic 
a  little  behind  the  equator  of  the  globe.  The  stratum  beneath  this  consists  for  the  most  part  of 
vessels  of  capillary  size,  also  embedded  in  the  stroma,  but  there  are  no  pigment  cells ;  it  is 
called  the  chorio-capillaris.  The  innermost  or  deepest  stratum  consists  of  a  thin  basal  membrane 
or  vitreous  lamina,  which  is  very  closely  connected  with  the  chorio-capillaris. 

The  Ciliary  Body. — At  the  bounding  zone  between  the  chorioid  and  the  ciliary  region, 
also  known  as  the  orbiculus  ciliaris,  the  vascular  arrangements  of  the  middle  coat  become 
greatly  modified.  The  large  vessels  are  no  longer  arranged  in  an  arborescent  manner,  but 
pass  forwards  in  a  meridional  direction.  The  chorio-capillaris  also  disappears,  obviously  in 
consequence  of  the  fact  that  the  retina  proper,  for  which  it  is  mainly  intended,  ceases 
abruptly  at  the  subjacent  ora  serrata.  The  basal  membrane  is  continued  forwards,  however, 
and  gradually  develops  a  series  of  longitudinally  directed  ridges,  faint  at  first,  but  much 
more  evident  further  forwards,  which  finally  coalesce  in  threes  and  fours  so  as  to  form 
larger  ridges,  the  so-called  ciliary  processes,  of  which  there  are  on  an  average  about  seventy  in 
number.  Each  process  presents  on  its  inner  aspect  a  series  of  plications  or  folds,  which  are 
continued  up  to  the  periphery  of  the  iris  (fig.  36).  They  are  composed  of  an  extension  forwards  of 
the  connective-tissue  stroma  of  the  chorioid,  and  contain  principally  networks  of  coiled  blood-vessels. 
At  the  level  of  the  ciliary  processes  the  middle  coat  attains  a  considerable  thickness,  but  this  is  due 
for  the  most  part  to  the  ciliary  muscle,  which  is  made  up  of  a  collection  of  fibres,  the  general 
arrangement  of  which  is  well  seen  in  an  antero-posterior  section  through  the  ciliary  region.  The 
outer  fibres  run  longitudinally  from  the  corneo-scleral  attachment  in  front  to  the  outer  layer  of  the 
chorioid  behind  ;  more  internally  the  fibres  are  arranged  circularly,  and  between  these  two 
divisions  there  are  certain  fibres  which  intercross  and  present  a  retiform  arrangement.  The 
entire  ciliary  process  is  triangular  on  section  (fig.  37) ;  its  base  looks  forwards  and  gives 
attachment  to  the  iris,  its  outer  border  is  formed  by  the  radial  fibres  of  the  ciliary 
muscle,  and  its  inner  or  plicated  border  is  covered  by  a  thin  epithelial  extension 
of  the  retina  (pars  ciliaris  retina;),  and  lies  in  a  groove  upon  the  outer  aspect  of  the  vitreous, 
invested  by  its  hyaloid  membrane.  The  grooves  which  separate  the  ciliary  processes  contain  a 
small  amount  of  connective  tissue  investing  the  inner  aspect  of  the  ciliary  muscle. 

The  Iris  is  connected  by  its  outer  or  peripheral  border  to  the  ciliary  processes,  but  is  free  in 
the  remainder  of  its  extent,  and  projects  inwards  into  the  space  between  the  cornea  and  the  lens, 
subdividing  it  into  two  minor  compartments,  which  communicate  freely  with  each  other  through  the 
pupillary  aperture  (fig.  36).  The  posterior  surface  of  the  iris  adjacent  to  the  pupil  rests  directly 
against  the  anterior  capsule  of  the  lens,  but  further  out  it  is  separated  from  the  lens  and  from  its 
suspensory  ligament  by  a  narrow  interval,  which  has  been  designated  the  posterior  chamber, 
to  distinguish  it  from  the  space  in  front  of  the  iris  and  lens,  and  which  is  sometimes  alluded 
to  as  the  anterior  chamber.  Both  chambers  are  occupied  by  a  clear  watery  fluid,  the  aqueous 
humour,  which  is  secreted  by  the  ciliary  processes  behind  the  iris,  and  flows  away  in  front  of 
the  iris,  at  the  periphery  of  the  anterior  chamber  (irido-comeal  angle],  through  the  spaces  which 
are  situated  between  the  fibres  of  the  ligamentum  pectinalum  iridis.  It  is  taken  up  by  the 
venous  networks  within  the  Canal  of  Schlemm,  in  a  manner  very  similar  to  that  in  which  the 
subarachnoid  fluid  is  drained  away  by  the  superior  longitudinal  sinus. 

The  iris  is  invested  by  epithelium  on  both  aspects.  That  which  lines  its  posterior  surface  is 
darkly  pigmented  and  consists  of  two  layers  to  which  some  developmental  interest  attaches, 
as  they  represent  the  anterior  extremities  of  the  layers  of  the  secondary  optic  vesicle  from  which 
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the  retina  is  formed  {pars  iridica  retina;}.  The  portion  of  the  iris  which  lies  in  front  of  the 
retinal  epithelium  belongs  to  the  middle  coat  of  the  eyeball  (chorioidal  portion} ;  it  consists  of 
a  spongy  connective-tissue  stroma,  containing  numerous  radially  directed  blood-vessels,  which 
form  a  ring-like  anastomosis  near  the  pupillary  margin  (circulus  iridis  minor}.  There  are  also 
in  the  iris  a  large  number  of  nerves  destined  for  the  supply  of  its  muscular  tissue  and  for  the 
coats  of  the  blood-vessels.  In  the  superficial  layers  there  are  branched  cells,  which  in 
individuals  of  dark  complexion  contain  pigment  granules,  and  give  the  iris  a  tint  varying  in 
intensity  from  light  brown  to  almost  black.  Within  the  stroma  and  near  the  pupillary  margin 
there  is  a  well  defined  collection  of  smooth  muscular  tissue,  the  fibres  of  which  run  in  a  circular 
direction,  forming  the  sphincter  pupilla.  At  the  posterior  part  of  the  iris,  immediately  in  con- 
tact with  the  retinal  layer  of  the  iris,  there  is  a  thin  membranous  or  vitreous  layer  in  which 
fibres  may  be  seen  directed  radially.  Some  doubt  exists  as  to  their  exact  nature  ;  by  some  they 
are  regarded  as  muscular  and  under  the  control  of  the  sympathetic  nerve,  and  are  supposed  to 
have  a  dilating  action  on  the  pupil  {dilator  pupilla} ;  by  others,  however,  they  are  said  to  be 
the  fibres  of  an  elastic  membrane,  which,  in  the  absence  of  contractile  effort  on  the  part  of  the 
sphincter  muscle,  is  the  active  agent  by  which  dilatation  of  the  pupil  is  effected. 

The  structures  which  collectively  form  the  middle  coat  of  the  eyeball 
are  predisposed  to  pathological  changes  of  an  inflammatory  character,  by 
reason  of  their  remarkably  rich  vascular  supply. 

Iritis. — Inflammation  of  the  iris  depends  upon  many  different 
conditions,  but  in  acquired  syphilis  especially  it  very  frequently  comes 
under  observation  as  a  late  secondary  symptom.  Inflammation  may 
spread  from  the  iris  to  the  ciliary  region,  setting  up  an  irido-cyclitis, 
or  extend  by  direct  continuity  of  tissue  throughout  the  entire  uveal  tract. 
In  a  similar  manner,  inflammation  may  spread  from  the  iris  to  the 
deeper  layers  of  the  cornea,  or  vice  versti. 

In  consequence  of  the  richness  of  both  the  iris  and  ciliary  body  in 
nerves,  acute  pain  is  usually  present  in  the  inflamed  eye,  and  is  greatly 
accentuated  by  pressing  over  the  corneo-scleral  junction.  In  addition 
to  this,  pain  of  a  neuralgic  character  is  very  commonly  referred  along 
other  sensory  branches  of  the  trigeminal  nerve,  especially  in  the  supra- 
orbital  and  temporal  regions.  Engorgement  of  the  anterior  ciliary 
vessels  is  always  present,  and  is  indicated  by  the  dusky  red  circumcorneal 
zone  which  has  been  already  described.  Inflammation  of  the  iris 
interferes  with  its  mobility,  and  by  setting  up  spasm  of  the  sphincter 
causes  a  contracted  condition  of  the  pupil.  Another  result  of  the  process 
is  a  sero-fibrinous  exudation  from  the  vessels  of  the  iris  and  ciliary 
body,  causing  a  muddiness  of  the  aqueous  humour  and  adhesion  of  the 
iris  to  the  anterior  surface  of  the  lens,  with  which  it  normally  lies  in 
contact  (posterior  synechid).  These  adhesions  are  at  first  soft  and 
fibrinous,  but  may  in  the  course  of  time  assume  a  cicatricial  character. 
Should  a  fibrinous  exudation  be  deposited  at  the  same  time  in  the 
pupillary  aperture,  the  power  of  vision  will  be  seriously  impaired. 
It  is  for  the  purpose  of  averting  posterior  synechiae  and  blocking  of 
the  pupil  that  atropin  is  instilled  into  the  eye ;  it  has  the  effect  of 
causing  dilatation  of  the  pupil,  and  of  maintaining  the  iris  in  a  state 
of  physiological  rest. 

The  middle  coat  of  the  eyeball  contrasts  with  the  outer  in  being 
very  frail  and  delicate ;  and  whereas  the  former  gives  the  organ  firmness 
and  stability,  the  latter  is  mainly  concerned  in  furnishing  it  with  a  very 
rich  vascular  supply.  Furthermore,  it  possesses  in  its  anterior  part  a 
beautifully  arranged  muscular  apparatus,  which  enables  the  visual 
mechanism  of  the  eye  to  adjust  itself  for  near  vision.  In  the  effort  of 
accommodation  the  ciliary  muscle  is  brought  into  action,  and  taking 
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its  fixed  point  in  front  at  the  corneo-scleral  junction,  it  draws  forwards 
the  chorioid,  with  the  result  that  the  suspensory  ligament  of  the  lens 
is  relaxed,  and  the  latter,  owing  to  its  elasticity,  bulges  forwards  so  as 
to  become  more  convex  on  its  anterior  aspect,  thus  acquiring  a  more 
highly  refractive  power  over  the  entering  rays  of  light. 

The  muscular  tissue  of  the  iris  controls  the  dimensions  of  the  pupil. 
The  Sphincter  pupilla  is  under  the  control  of  the  third  nerve,  and  its 
contraction  is  capable  of  narrowing  the  aperture  to  an  extreme  degree  ; 
in  this  way  it  has  an  important  function  in  regulating  the  amount  of 
light  entering  the  eye.  Considerable  difference  of  opinion  has  existed 
as  to  the  agencies  by  which  dilatation  of  the  pupil  is  effected.  According 
to  some  authorities  it  is  brought  about  by  the  contraction  of  radially 
disposed  muscular  tissue  situated  in  the  deeper  portion  of  the  iris  and 
innervated  by  the  sympathetic.  This  is  denied  by  others,  who  re- 
gard dilatation  as  the  result  of  inhibition  of  the  sphincter  muscle 
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FIG.  37. — Section  through  the  globe  of  the  eye  at  the  level  of  the  corneo-scleral  junction. 

through  the  agency  of  this  nerve.  The  posterior  elastic  lamina  of 
the  iris  is  supposed  also  to  play  an  active  part  in  bringing  about 
dilatation. 

Wounds  of  the  iris  and  ciliary  body  are  liable  to  be  followed  by 
serious  complications.  Should  irido-cyclitis  supervene  in  consequence  of 
the  introduction  of  septic  material,  the  inflammation  may  assume  a 
suppurative  character  and  spread  throughout  the  uveal  tract.  This  is 
usually  followed  by  cicatricial  changes  in  the  chorioid  and  iris,  detachment 
of  the  retina,  with  vitreous  opacities  and  complete  loss  of  vision,  the 
eyeball  subsequently  passing  into  a  shrunken  atrophic  state  (Phthisis 
Bulbil  The  gravity  of  such  a  case  is  greatly  accentuated  by  the  fact 
that  inflammatory  changes  of  a  similar  nature  (uveitis]  are  very  prone  to 
attack  the  other  eye  and  to  cause  its  ultimate  destruction.  This  is  what 
is  known  as  sympathetic  ophthalmia  and  was  originally  so  called  in 
consequence  of  having  been  erroneously  considered  to  be  the  result  of 
sympathetic  irritation  of  the  uninjured  eye  through  the  medium  of  the 
ciliary  nerves.  The  consensus  of  opinion  nowadays,  however,  is  in 
favour  of  regarding  it  as  an  infective  process,  which  spreads  along  the 
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lymphatic  spaces  between  the  ensheathing  membranes  of  the  optic  nerve 
on  the  injured  side  to  the  optic  chiasma,  and  from  thence  down  the 
opposite  optic  nerve  to  the  sympathising  eyeball.  Recognising  the 
extreme  probability  of  sympathetic  ophthalmia  supervening  when  irido- 
cyclitis  develops  in  a  wounded  eye,  ophthalmic  surgeons  endeavour  to 
prevent  it  by  enucleating  the  latter,  either  as  a  primary  procedure,  i.e. 
immediately  after  the  receipt  of  the  injury,  or  else  on  the  first  in- 
timation of  ciliary  inflammation.  Instead  of  a  complete  enucleation 
of  the  eyeball  an  alternative  course  may  be  adopted,  which  con- 
sists in  eviscerating  the  globe,  and  leaving  behind  the  greater  part 
of  the  sclerotic  to  serve  as  a  socket  for  an  artificial  eye  (Mules' 
Operation}. 

The  Dangerous  Area  of  the  Eye  is  practically  synonymous  with  the 
ciliary  region,  and  has  received  this  name  owing  to  the  serious 
consequences  which  may  attend  wounds  such  as  those  alluded  to  above 
(Nettleship).  It  extends  for  about  a  quarter  of  an  inch  in  a  meridional 
direction  behind  the  corneal  margin.  If  the  reader  refer  to  fig.  37,  the 
close  relationship  of  the  iris  and  ciliary  body  to  this  area  of  the 
sclerotic  will  be  readily  appreciated. 

Glaucoma  is  the  term  applied  to  a  peculiar  form  of  disease  of  the 
eye,  the  essential  characteristic  of  which  is  increased  intra-ocular  tension, 
and  in  consequence  of  which  the  globe  becomes  very  hard  and  unyielding 
to  pressure.  The  sclerotic  coat,  owing  to  its  comparative  weakness  at 
the  point  of  entrance  of  the  optic  nerve,  yields  to  the  intra-ocular 
pressure  and  causes  the  optic  papilla  to  assume  a  highly  abnormal 
appearance.  It  becomes  depressed  or  cup-shaped  (glaucomatous  cup), 
and  the  nerve  fibres  are  subjected  to  injurious  pressure  where  they 
pass  through ;  the  retinal  vessels  also  are  subjected  to  compression,  and 
vision  becomes,  impaired.  This  is  shown  by  narrowing  of  the  field 
to  a  greater  or  lesser  extent,  which  may  eventually  terminate  in  total 
blindness.  Pressure  on  the  venae  vorticosae  at  their  points  of  exit 
through  the  sclerotic  leads  towenous  obstruction,  and  causes  the  main 
venous  current  to  be  directed  forwards  to  the  ciliary  region,  where  the 
episcleral  veins  present  a  deeply  congested  appearance.  The  obstructed 
venous  circulation  also  accounts  for  the  cedema  and  cloudiness  of  the 
cornea  which  are  so  frequently  observed.  Pressure  on  the  ciliary  nerves 
as  they  run  forwards  between  the  sclerotic  and  the  chorioid  is  the  cause 
of  the  very  acute  and  often  violent  pain  which  is  experienced  in  cases 
of  glaucoma.  Continued  and  increasing  pressure  may  so  interfere  with 
the  conducting  power  of  these  nerves  that  the  cornea  becomes  anaesthetic 
and  the  pupil  widely  dilated. 

As  to  the  direct  cause  of  the  increased  intra-ocular  tension  in 
glaucoma,  the  majority  of  observers  seem  to  agree  that  it  is  of  an 
obstructive  nature,  whereby  an  impediment  is  offered  to  the  filtering 
away  of  the  aqueous  humour  into  the  canal  of  Schlemm,  which  takes  p'ace 
under  normal  conditions  in  the  angle  (^filtering  angle')  between  the  cornea 
and  the  iris  (p.  140).  Should  the  peripheral  portion  of  the  iris  from  any 
cause  become  so  closely  approximated  to  the  cornea  as  to  obstruct  this 
filtering  angle,  the  aqueous  humour,  not  being  able  to  find  exit,  will 
proceed  to  distend  the  anterior  and  posterior  chambers,  and  subsequently 
to  cause  a  general  increase  of  intra-ocular  tension.  It  is  possible  that 
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swelling  of  the  ciliary  processes  in  cases  of  irido-cyclitis  may  contribute 
to  bring  about  this  abnormal  relationship  of  the  iris. 

Primary  ^laucoma  is  that  form  which  comes   on  without  any  very 
evident  cause.      Secondary  glaucoma,  on  the  other  hand,  has  a  close 
connection  with  some  preceding  disease,  such  as  an  intra-ocular  tumoi 
dislocation  of  the  lens,  etc. 

The  Operation  of  Iridectomy  is   very  commonly  practised  tor  the 
relief  of  glaucoma.     A  considerable  portion,  at  least  a  fifth,  of  the  ins 
removed,  the  division  being  made  as  close  as  possible  to  its  peripheral 
attachment.     It  has  been  supposed  that  the  benefit  accruing  from  this 
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FIG.  38. — The  development  of  the  eyeball,  showing  the  mode  of  development  of  the  lens,  retina, 
and  other  ocular  structures.  (Figs.  A,  B  and  C  have  been  taken  from  Hert\vig!s  Embryology. 
Fig.  D  is  from  Merkel's  Anatomy,  slightly  modified.) 

procedure  was  due  to  the  opening  up  of  channels  for  the  absorption  of 
the  aqueous  humour,  but  this  is  open  to  doubt.  It  is  not  unlikely 
that,  as  the  result  of  the  operation,  a  corneo-scleral  fistula  remains,  through 
which  the  excess  of  the  aqueous  humour  flows  away  (Swanzy). 

DEVELOPMENT  OF  THE  EYEBALL.— It  is  advisable  that  the  reader  should 
grasp  the  essential  facts  relating  to  the  development  of  the  eyeball  before  undertaking  the  study 
of  the  remaining  intra-ocular  structures. 

The  eyeball  makes  its  appearance  at  first  in  the  form  of  an  outgrowth  from  the  brain  in 
the  region  of  the  third  ventricle.  At  this  stage  of  its  development  it  is  called  the  primary 
optic  vesicle,  and  is  connected  with  the  brain  by  a  narrow  portion  or  stalk.  As  the  vesicle 
becomes  separated  by  an  increasing  distance  from  the  brain  it  gradually  approaches  that  part  of 
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the  surface  of  the  head  which  lies  above  the  superior  maxillary  process,  the  epiblast  and  a  thin 
layer  of  mesoblast  alone  separating  it  from  the  exterior.  The  epiblast  at  this  level  becomes 
thickened  and  dips  inwards  so  as  to  form  a  pit-like  depression.  As  it  does  so  it  comes  into 
contact  with  the  primary  optic  vesicle  and  causes  an  invagination  of  its  anterior  wall,  which 
soon  presents  the  appearance  of  a  cup- shaped  cavity,  and  has  received  the  name  of  the 
secondary  optic  vesicle  (fig.  38).  This  epiblastic  ingrowth  is  the  future  lens  ;  its  walls  come  into 
contact  at  the  mouth  of  the  original  depression,  after  which  it  becomes  detached  from  the 
surface  and  forms  a  hollow  and  approximately  spherical  shaped  vesicle — the  lens  vesicle.  It  is 
lined  throughout  by  cells  ;  those  in  front  are  flattened  and  are  arranged  in  a  single  layer,  but 
those  which  are  situated  behind  are  elongated.  These  latter  undergo  a  progressive  increase  in 
length,  and  eventually  become  the  fibres  of  which  the  greater  part  of  the  lens  is  composed.  As 
these  elongated  cells  approach  the  anterior  epithelial  layer  the  enclosed  cavity  gradually  diminishes 
and  eventually  disappears.  As  the  lens  retires  within  the  cup  of  the  secondary  optic  vesicle 
it  loses  all  connection  with  the  parent  tissue  and  is  completely  enveloped  by  mesoblastic  elements. 
From  the  mesoblastic  layer  which  lies  in  relation  to  its  anterior  aspect  the  cornea  is  developed, 
and  in  front  of  this,  two  integumentary  folds  advance  so  as  to  meet  each  other  and  form 
the  eyelids.  The  secondary  optic  vesicle  does  not  form  a  complete  cup,  but  is  interrupted  at 
its  lower  and  inner  part  by  a  gap  or  fissure  which  extends  backwards  into  the  stalk  of  the 
vesicle  or  the  future  optic  nerve  (fig.  39).  This  is  the  chorioidal  cleft.  Into  it  an  extension  of  meso- 
blastic tissue  carrying  blood-vessels  finds  its  way,  and  is  continuous  with  that  which  lies  within 
the  secondary  optic  vesicle  surrounding  the  lens.  Later  on,  the  margins  of  the  cleft  approximate 
•each  other  and  fuse,  and  for  a  little  while  afterwards  a  distinct  seam  can  be  detected  externally, 
indicating  the  line  along  which  the  fusion  took  place. 
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FIG.   39.  —Diagram  illustrating  the  mode  of  development  of  the  secondary  optic  vesicle  and 
chorioidal  cleft.     Note  also  the  relation  of  the  lens  to  the  secondary  optic  vesicle  (Hertwig). 

The  mesoblastic  tissue  behind  the  lens  develops  into  the  vitreous.  The  blood-vessels  which 
have  made  their  way  into  the  eye  are  arranged  at  this  period  of  development  in  two  main 
groups.  One  group  is  situated  at  the  back  of  the  vitreous,  in  contact  with  the  wall  of  the  secondary 
optic  vesicle,  which  at  a  later  period  becomes  the  inner  layer  of  the  retina  ;  these  vessels  represent 
the  ramifications  of  the  arteria  centralis  retinae.  From  the  central  artery  a  vessel — the  hyaloid 
artery— \s  prolonged  forwards  through  the  vitreous  to  the  back  of  the  lens,  where  it  breaks  up 
into  a  fine  network  of  vessels,  which  extend  around  the  periphery  of  the  lens  to  the  connective 
tissue  on  its  anterior  surface,  where  they  communicate  with  the  second  group,  viz.  the  anterior 
ciliary  vessels,  and  surround  the  lens  with  a  vascular  envelope — the  tunica  vasculosa  lends. 
Subsequently  these  vessels  and  the  hyaloid  artery  disappear,  but  a  trace  of  the  latter  remains  as 
the  hyaloid  canal,  reaching  from  the  optic  papilla  to  the  posterior  aspect  of  the  lens. 

The  iris  and  the  ciliary  processes  originate  in  a  small  mass  of  mesoblast  situated  at  the  mouth 
of  the  secondary  optic  vesicle  behind  the  cornea  (fig.  38,  D).  It  grows  into  the  space  between 
the  lens  and  the  cornea,  which  has  been  seen  to  contain  at  a  certain  period  a  layer  of  vascularised 
connective  tissue.  At  the  time  of  closure  of  the  chorioidal  cleft  the  development  of  the  iris  and 
ciliary  body  is  still  in  a  rudimentary  state. 

The  chorioid  and  sclerotic  are  both  of  mesoblastic  or  connective-tissue  origin.  The  chorioid  is 
highly  vascularised  (ciliary  vessels),  and  at  an  early  period  comes  into  contact  with  the  outer 
aspect  of  the  secondary  optic  vesicle. 

The  walls  of  the  optic  vesicle  are  destined  exclusively  for  the  development  of  the  retina.  The 
posterior  or  outer  wall  of  the  vesicle  forms  the  outer  or  pigmentary  layer  ;  the  inner  or  invaginated 
layer  of  the  optic  vesicle  becomes  greatly  modified,  and  forms  the  inner  layer  of  the  retina,  a 
description  of  which  will  be  found  on  p.  134. 
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The  margin  of  the  invagination  or  the  mouth  of  the  secondary  optic  vesicle  extends  forwards 
to  the  pupillary  margin  behind  the  iris,  and  is  represented  by  a  double  layer  of  deeply  pigmented 
cells  which  invest  the  posterior  aspect  of  this  structure  (pars  iridica  retina). 

CONGENITAL  DEFECTS.— The  iris  is  not  uncommonly  the  seat 
of  certain  congenital  defects,  of  which  the  following  deserve  mention. 

1.  Persistent   Pupillary  Membrane. — This  is  rarely  complete.     It 
usually  appears  in  the  form  of  fine  thread-like  filaments  crossing  the  pupil 
and  attached  to  the  anterior  surface  of  the  iris  near  its  periphery.     It  is  a 
vestige  of  the  mesoblastic  tissue  which  in  early  foetal  life  occupies  the 
space  between  the  cornea  and  the  lens,  and  in  which  ramify  the  vessels 
of  the  tunica  vasculosa  lentis  (see  development  of  iris). 

2.  Irideremia,  or  congenital  absence  of  the  iris,  may  be  partial  or  com- 
plete.    As  has  been  shown  already,  the  iris  insinuates  itself  in  front  of 
the   lens,  growing   inwards  from  the  angle  between    the   lens  and  the 
cornea,  and  as  it  does  so,  the  vascular  mesoblastic  tissue  just  alluded  to 
disappears.     Should  this,  however,  fail  to  take  place,  it  is  quite  possible 
that  what  remains  of  this  tissue  may  bind  the  cornea  and  lens  together 
at  the  periphery  of  the  anterior  chamber,  and  in  this  way  offer  a  barrier 
to   the  growth  of  the  iris  (Treacher  Collins).     If  the  obstruction  does 
not  extend  all  the  way  round,  the  defect  in  the  iris  will  be  incomplete 
and  limited  to  the  obstructed  part.     Individuals   with   this   defect   are 
greatly  troubled  with  the  dazzling  effects  of  light,  in  consequence  of  the 
absence  of  the  normal  iris  diaphragm. 

3.  Coloboma  of  the  Iris. — In  this  form  of  defect  the  continuity  of 
the  iris  is  interrupted  by  a  gap  at  its  lower  and  inner  part,  and  at  the 
same  time  a  fissure  may  be  found  extending  backwards  from  it  through 
the  ciliary  region  into  the  chorioid.    The  margin  of  the  lens  in  the  line  of 
the  fissure  has  also  been  found  notched  in  some  cases.     The  explanation 
of  this  defect  is  rendered  easy  on  the  assumption  of  a  persistency  of  the 
chorioidal  cleft  which  exists  in  the  early  foetus,  and  which  has  been  fully 
described  above.     There  are  all  stages  of  the  defect,  from  a  mere  notch 
in  the  iris  up  to  a  fissure  of  the  chorioid  extending  back  to  the  optic 
papilla. 

4-  Displacement  of  the  Pupil,  or  Corectopia. — Instead  of  occupying 
its  normal  position  a  little  above  and  to  the  inner  side  of  the  centre  of 
the  iris,  the  pupil  may  approach  much  nearer  to  the  periphery  of  the 
latter  and  have  an  oval  outline. 

5.  Polycoria. — In  this  form  of  defect  there  are  two  or  more  pupillary 
apertures. 

THE  RETINA. — The  retina  forms  the  inner  coat  of  the  eyeball.  Its  mode  of  origin, 
which  has  been  already  described  with  the  development  of  the  organ,  shows  it  to  consist  originally 
of  two  layers  formed  by  the  invagination  of  the  primary  optic  vesicle.  Although  these  layers 
become  greatly  modified  in  the  course  of  later  developmental  changes,  yet  it  is  possible  to 
differentiate  in  the  mature  retina  the  parts  which  belong  to  both.  The  outer  layer  of  the 
retina,  i.e.  the  representative  of  the  outer  layer  of  the  secondary  optic  vesicle,  consists  of  a 
single  stratum  of  darkly  pigmented  cells,  and  is  closely  related  throughout  to  the  inner  aspect 
of  the  uveal  tract — chorioid,  ciliary  body,  and  iris.  The  inner  layer  of  the  retina,  or  the 
representative  of  the  inner  layer  of  the  secondary  optic  vesicle,  is  co-extensive  with  the  outer, 
but  presents  very  marked  differences  in  structure  in  different  parts  of  its  extent.  From  the 
entrance  of  the  optic  nerve  to  the  level  of  the  orbiculus  ciliaris,  viz.,  about  a  quarter  of  an 
inch  behind  the  corneo-scleral  junction,  the  retina  forms  a  membranous  layer  of  a  highly 
complex  character,  the  elements  of  which  are  arranged  in  layers,  lying  one  over  the  other. 
Reckoned  from  within  outwards,  they  are  (i)  the  layer  of  nerve  fibres,  (2)  the  layer  of 
ganglionic  nerve  cells,  (3)  the  inner  molecular  layer,  (4)  the  inner  nuclear  layer,  (5)  the  outer 
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molecular  layer,  (6)  the  outer  nuclear  layer,  (7)  the  layer  of  rods  and  cones.  As  this  part 
of  the  retina  only  is  in  connection  with  the  fibres  of  the  optic  nerve,  it  is  called  the  retina 
proper,  or  the  functional  relina.  At  its  termination  opposite  the  orbiculus  ciliaris  it  has  a  wavy 
or  festooned  appearance,  to  which  the  name  '  ora  serrata'  has  been  applied. 

In  front  of  the  ora  serrata  the  inner  layer  of  the  retina  is  prolonged  over  the  ciliary  region  as 
a  single  layer  of  columnar  cells  devoid  of  pigment  (pars  ciliaris  refines),  but  at  the  peripheral 
attachment  of  the  iris  the  epithelium  regains  its  pigment,  and  is  continued  as  a  single  layer 
beneath  this  up  to  the  margin  of  the  pupil  (pars  iridica  retina). 

The  optic  nerve  enters  the  eye  a  little  below  and  at  the  inner  side  of  its  posterior  pole,  and 
at  this  level — the  optic  papilla — the  layers  of  the  retina  are  wanting. 

Lying  to  the  outer  side  of  and  somewhat  below  the  optic  papilla  there  is  a  small  area  stained 
yellow,  known  as  the  macula  lutea.  Surrounding  this  area,  the  retina  is  perceptibly  increased 
in  thickness,  but  thins  rapidly  towards  its  centre,  where  for  a  certain  extent  all  the  inner  retinal 
layers,  including  the  yellow  pigment  and  blood-vessels,  are  deficient;  this  is  the  fovea  centralis,  and 
here  the  retina  consists  only  of  the  pigment  epithelium  and  the  cones. 

The  Retinal  Blood -Vessels. — The  retina  receives  blood  through  the  central  artery 
(ophthalmic].  This  vessel  pierces  the  optic  nerve  from  half  to  three-quarters  of  an  inch  behind 
the  globe,  and  runs  forwards  in  the  substance  of  the  nerve,  accompanied  by  the  central  vein. 
Having  reached  the  papilla,  it  breaks  up  into  an  upper  and  lower  division,  each  of  which  almost 
immediately  subdivides  into  two  trunks,  which  diverge  as  they  leave  the  papilla,  and  ramify  in 
the  superficial  layers  of  the  retina.  From  their  relative  positions  in  the  retina,  the  main 
branches  are  called  upper  and  lower  temporal,  upper  and  lower  nasal  branches  (fig.  40).  The 
larger  of  these  run  in  the  nerve  and  ganglion  layers,  but  some  of  the  capillary  networks 
penetrate  as  far  as  the  inner  nuclear  layer.  The  branches  of  the  central  artery  are  terminal  or 
end  arteries  and  have  no  direct  communication  with  the  chorioidal  vessels  except  posteriorly 
at  the  entrance  of  the  optic  nerve  (fig.  41). 

The  Function  of  the  Retina — From  what  has  been  stated  with 
reference  to  the  mode  of  origin  of  the  retina  as  an  outgrowth  from  the 
brain,  it  will  be  readily  understood  that  this  tunic  of  the  eyeball  is  to  be 
regarded  as  the  end  organ  of  the  optic  nerve.  The  rods  and  cones, 
which  bear  the  same  functional  relationship  to  the  end  fibres  of  the  optic 
nerve  as  the  cells  of  the  taste  buds  in  the  tongue  bear  to  the  end  fibres 
of  the  glosso-pharyngeal  nerve,  are  modified  epithelial  cells,  which  are 
peculiarly  sensitive  to  the  vibrations  of  light.  They  represent  the 
medium  by  which  visual  impressions  are  received  and  transferred  by 
the  optic  nerve  fibres  to  the  higher  centres,  where  they  give  rise  on  their 
arrival  to  visual  perceptions  of  different  degrees,  depending  upon  the 
nature  and  intensity  of  the  original  stimulus. 

Ophthalmoscopy. — The  inner  aspect  of  the  retina  or  fundus  oculi, 
including  the  optic  papilla,  can  be  closely  studied  by  the  aid  of  the 
ophthalmoscope,  and  valuable  information  may  be  gained  in  this  way, 
not  only  of  pathological  changes  involving  the  retina  and  other  intra- 
ocular structures,  but  even  the  brain  itself. 

The  Normal  Fundus. — The  optic  papilla  stands  out  distinctly  as  a 
circular  or  slightly  oval  disc,  with  a  yellowish  or  faintly  rose-coloured 
tint,  which  contrasts  strongly  with  the  normal  red  reflection  from  the 
fundus  (fig.  40).  The  papilla  usually  presents  three  distinct  zones :  an 
outer,  darkly  pigmented  zone,  due  to  the  abrupt  termination  of  the 
chorioidal  pigment  posteriorly  ;  a  narrow  intermediate  white  zone,  which 
corresponds  to  the  fibres  of  the  sclerotic  at  the  outer  side  of  the  optic 
nerve,  where  the  chorioid  is  deficient  ;  and  a  greyish-red  central  zone, 
corresponding  to  the  fibres  of  the  optic  nerve.  Since  the  nerve  fibres  of 
the  latter  diverge  in  all  directions  on  reaching  the  retina,  they  leave  in 
the  centre  of  the  papilla  a  hollow  with  sloping  edges ;  this  appears  as  a 
bright  spot,  and  is  known  as  the  physiological  excavation  of  the  papilla. 

The  macula  lutea  appears  oval  in  shape  and  is  devoid  of  visible  blood- 
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vessels.  It  presents  a  deep  red  colour,  and  in  its  centre  it  may  be 
possible  to  distinguish  a  very  dark  spot — the  fovea  centralis.  When  the 
fundus  is  examined  by  the  indirect  method,  the  macula  lutea  appears  a 
little  above  the  horizontal  level  and  to  the  inner  side  of  the  optic  papilla  ; 
its  real  position,  however,  is  outside  and  below  the  latter. 

The  retinal  vessels  appear  to  emerge  from  the  papilla.  There  are 
usually  four  main  arterial  trunks,  with  their  companion  veins,  which 
proceed  towards  the  nasal  and  temporal  fields  of  the  retina.  The  upper 
and  lower  temporal  branches  take  a  wider  curve  than  the  nasal,  and 
are  also  the  larger,  as  they  have  a  more  extensive  area  to  supply.  In 
addition  to  these  main  stems,  there  may  be  seen  passing  inwards  and 
outwards  respectively  from  the  papilla  two  small  vessels  ;  the  inner  is  the 
arteria  mediana  (Magnus) ;  the  outer  divides  into  two  branches 
which  surround  the  macula,  and  have  been  termed  the  arteria  macula 
superior  and  inferior  (Magnus).  A  very  striking  demonstration  of  the 
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FIG.  40. — View  of  the  fundus  of  the  eye,  showing  the  optic  disc,  the  retinal  vessels,  and  the 
macula  lutea,  as  viewed  by  indirect  ophthalmoscopy  (Toldt). 

visible  arterial  pulsation  which  occurs  in  cases  of  aortic  regurgitation  can 
be  obtained  by  an  ophthalmoscopic  examination  of  the  fundus  of  the 
eye. 

In  individuals  with  very  fair  complexions,  and  in  whom  the  retinal 
and  chorioidal  pigment  is  not  well  developed,  the  fundus  oculi  appears 
pale  in  colour,  and  it  may  be  possible  to  get  a  clear  view  of  the  branching 
of  the  venae  vorticosae  and  of  the  smaller  chorioidal  vessels.  In  dark 
individuals,  however,  in  whom  the  retinal  pigment  is  well  developed,  the 
colour  of  the  fundus  is  of  a  much  deeper  red  tint,  and  the  chorioidal 
vessels  cannot  be  seen  ;  in  these  cases,  too,  the  optic  papilla  may  appear  by 
contrast  unusually  white  and  sharply  defined. 

With  optic  neuritis  the  appearances  of  the  optic  papilla  undergo  a 
marked  alteration.  In  consequence  of  cedematous  changes,  it  becomes 
swollen,  hyperaemic,  and  indistinct  at  its  edges.  The  vascular  engorge- 
ment is  most  marked  in  the  retinal  veins,  which  assume  an  enlarged  and 
tortuous  appearance  near  the  centre  of  the  papilla.  Optic  neuritis  is 
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invariably  present  in  cases  of  cerebral  tumour  or  abscess,  and  can 
generally  be  detected  also  in  the  course  of  tubercular  meningitis.  Its 
exact  connection  with  cerebral  and  meningeal  disease  has  been  a 
subject  of  dispute  ;  it  is  not  improbable,  however,  that  it  is  the  result  of 
the  increased  intracranial  pressure  which  accompanies  these  pathological 
states.  The  increased  pressure  in  the  subarachnoid  space  is  transferred 
along  the  subarachnoid  sheath  of  the  optic  nerve  and  makes  itself  most 
felt  at  the  cul-de-sac  formed  by  the  membranes  which  surround  the  optic 
nerve  behind  the  papilla. 

The  normal  or  physiological  cup  of  the  optic  papilla  occasionally 
becomes  very  markedly  exaggerated  in  consequence  of  increased  intra- 
ocular tension.  The  occurrence  of  this  pathological  cupping  in  cases  of 
glaucoma  has  already  been  explained  (glaucomatous  cup}. 

With  optic  atrophy  the  papilla  loses  its  pale  pink  colour  and  assumes 
a  white  or  greyish  tint ;  its  vessels,  too,  are  not  infrequently  diminished 
in  calibre  to  a  very  marked  extent. 

Embolism  of  the  Central  Artery  is  an  occasional  complication  of 
endocarditis  affecting  the  mitral  valve  or  of  atheromatous  disease  of 
the  larger  arteries.  As  the  result  of  this  there  is  sudden  and  rapid 
blindness  in  the  affected  eye,  the  optic  papilla  appears  quite  pallid,  and 
the  retinal  arteries  being  empty  of  blood,  resemble  white  threads. 
There  is  usually  subsequent  atrophy  of  the  retina  and  papilla. 

Detachment  of  the  Retina  or  separation  of  this  tunic  of  the  eyeball 
from  the  inner  aspect  of  the  chorioid  is  sometimes  the  result  of  violence, 
but  at  other  times  it  cannot  be  traced  to  any  evident  exciting  cause. 
Corresponding  to  the  extent  of  the  detachment,  vision  will  be  interfered 
with,  and  may  be  completely  lost  in  the  affected  eye. 

Glioma  of  the  Retina. — This  is  the  only  tumour  met  with  in  this 
part  of  the  eye ;  it  is  observed  usually  in  young  children,  and  is 
excessively  malignant.  It  rapidly  causes  a  marked  increase  of  intra- 
ocular tension  (secondary  glaucoma).  It  spreads  to  the  optic  nerve, 
and  may  travel  along  it  to  the  brain.  Eventually  it  makes  its  way 
through  the  sclerotic  and  forms  a  fungating  mass  of  considerable  size. 
Secondary  growths,  or  metastases,  are  liable  to  be  found  in  the  lungs, 
liver,  spleen,  etc. 

THE  LENS. — The  lens  is  biconvex  in  outline,  with  a  clear  glassy  appearance,  and  is 
suspended  in  the  anterior  part  of  the  cavity  of  the  eyeball,  separating  the  aqueous  humour  in  front 
from  the  vitreous  and  its  hyaloid  envelope  behind.  The  vitreous  presents  a  well  defined  cup-shaped 
depression,  ihe  fossa  patellaris,  into  which  the  lens  is  received.  The  mode  of  development  of 
the  lens  shows  it  to  be  an  epidermal  structure,  originally  formed  as  a  general  depression  of  the 
epiblast  in  front  of  the  primary  optic  vesicle.  In  its  mature  state  it  possesses  an  elastic  capsule, 
which  is  thicker  in  front  than  behind.  This  is  a  cuticular  structure,  and  is  derived  from  the  super- 
ficial cells  of  which  the  lens  is  composed.  Beneath  the  capsule  in  front  there  is  a  single  layer  of  flat 
polygonal  cells,  which,  as  they  approach  the  periphery,  pass  by  gradual  transition  into  the  elongated 
fibres  of  which  the  main  mass  of  the  lens  is  composed.  These  fibres  are  the  modified  epithelial 
cells  of  the  posterior  wall  of  the  original  lens  vesicle  (fig.  38).  The  individual  fibres  are  joined 
together  by  cementing  substance,  and  are  arranged  in  the  form  of  lamellae  which  lie  parallel  to 
the  surface  of  the  lens.  Under  certain  conditions  it  is  possible  to  make  out  a  stellate  figure  on 
the  anterior  surface  of  the  lens,  resembling  somewhat  an  inverted  Y-  Another  stellate  figure  is 
seen  on  the  posterior  surface,  but  here  the  Y  is  erect.  These  lines  correspond  to  accumulations 
of  cementing  material  in  the  superficial  layers  of  the  lens  in  which  the  fibres  terminate.  In  the 
foetus  the  lens  substance  is  soft  throughout,  but  in  the  adult  the  fibres  which  occupy  its  centre 
become  dry  and  hard,  forming  a  nucleus,  which  passes  without  any  very  sharp  line  of  demarca- 
tion into  the  soft  cortical  substance.  During  life,  or  when  the  lens  is  examined  in  an  eye  after 
death,  its  anterior  curve  is  much  flatter  than  its  posterior.  When  the  eye  is  accommodated, 
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however,  for  near  vision,  or  when  it  is  removed  in  the  cadaver,  the  elasticity  of  the  lens  comes  into 
play  and  its  anterior  curvature  becomes  considerably  accentuated.  The  comparative  flatness  of 
the  anterior  curvature  under  ordinary  conditions  is  due  to  the  traction  exercised  upon  the  lens 
capsule  by  the  suspensory  fibres  which  are  attached  around  its  periphery  and  are  derived  from 
the  Zonula  of  Zinn. 

THE  VITREOUS. — The  space  between  the  lens  and  the  retina,  viz.,  about  four-fifths  of 
the  entire  cavity  of  the  eyeball,  is  occupied  by  the  vitreous.  It  is  a  jelly-like  transparent  mass, 
and  with  the  exception  of  the  fossa  patellaris,  or  indentation  for  the  lens  on  its  anterior  aspect, 
it  has  an  approximately  spherical  contour.  It  is  traversed  by  a  canal,  which  is  directed  from 
the  optic  papilla  to  the  centre  of  the  posterior  surface  of  the  lens  and  is  known  as  the  hyaloid 
canal  (Stilling) ;  this  is  filled  by  fluid,  and  is  the  permanent  vestige  of  the  path  followed  by  the 
hyaloid  artery,  which  in  the  foetus  passes  from  the  central  artery  of  the  retina  to  the  lens. 

The  vitreous  is  enveloped  by  the  delicate  and  transparent  hyaloid  membrane.  At  the 
level  of  the  ora  serrata  of  the  retina  this  membrane  becomes  strengthened,  it  assumes  a  more 
distinctly  fibrous  character,  and  is  known  as  the  Zomtla  of  Zinn.  Near  the  peripheral  margin 
of  the  lens  it  divides  into  two  layers,  of  which  the  deeper  is  reflected  over  the  front  aspect  of 
the  vitreous,  separating  it  from  the  lens.  The  fibres  which  form  its  anterior  layer  are  directed  from 
the  ciliary  processes  to  the  lens  ;  some  reach  its  free  border  and  are  attached  there,  others  pass 
for  some  little  distance  over  its  anterior  and  posterior  surfaces,  and  constitute  its  suspensory 
ligament.  The  space  which  intervenes  between  these  anterior  and  posterior  fibres  has  been 
described  as  a  definite  canal,  triangular  on  section,  running  around  the  periphery  of  the  lens 
— Canal  of  Petit  (fig.  35).  A  closed  canal,  however,  does  not  exist,  as  the  fibres  of  the  zonula 
attached  to  the  lens  are  not  arranged  in  the  form  of  a  continuous  membrane,  but  are 
separated  here  and  there  by  gap-like  intervals.  From  this  it  will  be  seen  that  the  aqueous 
humour  in  the  posterior  chamber  can  readily  make  its  way  backwards  around  the  periphery 
of  the  lens  and  into  the  recesses  which  are  situated  between  the  folds  of  the  ciliary  processes, 
where  it  is  generally  believed  this  fluid  is  secreted. 

The  Lens  is  the  principal  refractive  medium  of  the  eye,  and  the 
reader  has  already  noted  the  arrangements  which  exist  whereby  its 
curvature  is  increased  with  the  effort  of  accommodation.  The  ciliary 
muscle  is  the  active  agent  by  means  of  which  this  is  effected  ;  it  draws 
forwards  the  chorioid,  the  suspensory  ligament  of  the  lens  becomes 
relaxed,  and  the  latter,  owing  to  its  elastic  properties,  bulges 
forwards. 

The  elasticity  of  the  lens  does  not  remain  unimpaired  throughout 
life ;  as  age  advances  its  consistency  becomes  firmer  and  it  assumes  a 
golden  or  deep  amber  tint.  Its  function  now  as  a  refractive  medium  is 
much  impaired,  seeing  that  with  the  loss  of  its  elasticity  it  loses  the 
power  of  altering  its  curvature  to  suit  the  requirements  of  near  vision  ; 
the  resulting  condition  is  known  as  presbyopia. 

Cataract  is  practically  the  only  disease  to  which  the  lens  is  subject. 
This  affection  is  characterised  by  opacities  of  varying  intensity  and  of 
varying  extent,  viz.,  peripheral,  central,  total.  The  opacities  are  always 
situated  in  the  fibres  of  the  lens  or  in  the  epithelium  covering  the 
posterior  surface  of  the  anterior  lens  capsule,  never  in  the  capsule 
(fig.  38,  D). 

Anterior  Capsular  Cataract. — With  this  there  is  an  anterior  central 
opacity,  due  to  a  dense  accumulation  of  cells  derived  from  the  anterior 
epithelial  layer  of  the  lens. 

Senile  Cataract. — This  is  the  most  common  form.  Owing  to  the 
arrangement  of  the  lens  fibres  described  above,  it  appears  in  its  incipient 
stage  in  the  form  of  radial  lines  or  sectors  diverging  from  the  anterior 
or  posterior  pole.  The  cortical  layers  gradually  become  opaque  and 
acquire  a  soft  consistency,  in  the  centre  of  which  the  hard  nucleus  is 
contained.  The  changes  which  lead  up  to  this  alteration  in  the  lens 
are  of  a  degenerative  nature.  The  lens  fibres  between  the  nucleus  and 
the  cortex  separate,  leaving  open  spaces,  which  become  filled  with 
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transparent   granular   masses  ;  the  fibres  themselves  swell   up,  become 
turbid,  and  are  eventually  transformed  into  a  viscid  mass. 

Traumatic  Cataract. — This  is  usually  the  result  of  a  wound  of  the 
lens  capsule,  which  allows  the  aqueous  humour  or  fluids  from  the  vitreous 
to  come  into  contact  with  the  cortical  substance,  in  consequence  of  which 
it  becomes  swollen  and  acquires  a  greyish-white  appearance.  The  rapid 
swelling  of  the  lens  in  such  cases  may  cause  it  to  encroach  in  a  peri- 
pheral direction  upon  the  ciliary  region,  so  as  to  carry  the  iris  forwards 
and  occlude  the  filtration  angle  and  set  up  secondary  glaucoma. 

Extraction  of  Cataract. — An  incision  is  made  through  the  cornea, 
concentric  with  the  upper  corneo-scleral  margin,  close  to  its  periphery 
and  involving  about  one-third  of  its  circumference.  The  lens  capsule 
is  divided  freely,  after  which,  by  gentle  pressure  upon  the  eyeball  from 
below  upwards,  the  lens  is  dislocated  through  the  pupillary  aperture  into- 
the  anterior  chamber  and  extracted  through  the  corneal  incision.  An 
iridectomy  is  very  frequently  performed  in  this  operation  for  the  pur- 
pose of  facilitating  the  extraction.  Extreme  gentleness  is  always 
required  to  avoid  rupture  of  the  zonula,  as  this  would  inevitably  be 
followed  by  prolapse  of  the  vitreous. 

The  Vitreous  acts  as  an  elastic  supporting  medium  for  the  delicate 
intra-ocular  structures.  It  is  closely  applied  to  the  inner  aspect  of 
the  retina  and  helps  to  retain  it  in  position.  Should  the  volume  of 
the  vitreous  be  diminished,  through  shrinkage  or  loss  of  portion  of  its 
substance  the  result  of  penetrating  wounds,  there  is  great  danger  of 
the  retina  becoming  detached  from  the  chorioid.  The  vitreous  also 
forms  an  important  supporting  medium  for  the  lens,  and  must  tend  to 
diminish  very  largely  the  effects  of  blows  or  severe  contusions  implicat- 
ing the  eyeball. 

Disease  of  the  vitreous  is  very  often  secondary  in  its  origin  to 
inflammation  in  the  adjoining  structures,  viz.,  the  retina,  chorioid,  and 
ciliary  body,  and  manifests  itself  in  the  form  of  turbidity  from  inflammatory 
exudation.  The  substance  of  the  vitreous  also  may  undergo  liquefaction 
or  develop  opacities  of  various  forms  in  consequence  of  degenerative 
changes.  Foreign  bodies  not  uncommonly  lodge  in  the  vitreous  ;  they 
may  have  entered  through  the  sclerotic  or  through  the  cornea,  and  in 
the  latter  case  will  very  probably  have  traversed  the  iris  and  lens,  or 
the  lens  only.  They  are  liable  to  set  up  suppurative  inflammation  and 
panophthalmitis.  As  irido-cyclitis  sometimes  follows  such  injuries,  the 
danger  of  sympathetic  ophthalmia  is  very  great. 

The  remains  of  the  hyaloid  artery  can  occasionally  be  detected  as  an 
opaque  string  extending  from  the  optic  papilla  to  the  lens. 

THE  BLOOD  SUPPLY  OF  THE  EYEBALL.— The  vessels 
which  convey  blood  to  the  structures  of  the  eyeball  may  be  divided 
into  two  groups  or  systems,  the  retinal  and  the  ciliary,  which  are 
for  the  most  part  quite  distinct  from  each  other.  They  have  already 
been  alluded  to  incidentally  on  several  occasions  throughout  the  preced- 
ing pages ;  however,  the  following  rfsumJ  will  enable  the  reader  to  form 
a  more  correct  idea  of  their  general  arrangement  and  distribution. 

The  Retinal  Vessels  are  derived  from  the  arteria  centralis  retime,  and  have  been  described 


140 


APPLIED  ANATOMY 


with  the  retina.     The  ciliary  vessels  are  mainly  distributed  throughout  the  uveal  tract,  and  must 
now  be  reviewed  in  detail. 

The  Ciliary  Arteries  consist  of  three  main  groups,  which  are  arranged  as  follows  (fig.  41) : — 
(i)  The  Short  Posterior  Ciliary  Arteries. — These  are  derived  from  the  ophthalmic  artery,  or  from 
some  of  its  main  branches  ;  they  run  forwards  to  the  eyeball  by  the  side  of  the  optic  nerve,  and 
having  subdivided  so  as  to  form  a  large  number  of  branches,  about  twenty  on  an  average,  they  pierce 
the  sclerotic  and  enter  the  chorioid,  within  which  their  smaller  subdivisions  anastomose  freely  in  the 
chorio-capillaris,  and  are  largely  reinforced  by  recurrent  branches  from  the  ciliary  body.  Some 
branches  derived  from  the  posterior  ciliary  arteries  pierce  the  ensheathing  membranes  of  the 
optic  nerve  immediately  before  it  traverses  the  sclerotic,  and  form  anastomoses  with  the  central 
artery  of  the  retina.  (2)  The  Long  Posterior  Ciliary  Arteries,  two  in  number,  run  forwards 
with  the  short  vessels,  one  upon  the  inner,  the  other  upon  the  outer  side  of  the  eyeball,  and  pierce 
the  sclerotic  a  little  behind  its  equator  ;  they  are  continued  onwards  in  the  loose  tissue  of  the 
membrana  suprachoriidea  to  the  ciliary  muscle,  where  they  enter  into  communication  with 
<3)  the  Anterior  Ciliary  Arteries.  These  are  minute  vessels  derived  from  the  arteries  which 
supply  the  recti  muscles.  They  travel  forwards  along  the  recti  tendons  to  the  sclerotic,  two  arteries 
usually  with  each  muscle.  Having  given  some  twigs  to  the  conjunctiva  and  to  the  extreme 
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FIG.  41. — Diagrammatic  representation  of  the  blood-vessels  supplying  the  globe  of  the  eye 

(after  Leber). 

periphery  of  the  cornea,  they  pierce  the  sclerotic  near  the  corneo-scleral  margin.  The  two 
latter  groups  anastomose  freely  with  each  other,  and  form  a  vascular  ring  in  front  of  the  ciliary 
muscle,  called  the  circulus  iridis  major.  Branches  of  minute  size  which  proceed  from  this 
arterial  circle  supply  the  ciliary  processes ;  some  pass  backwards  into  the  chorio-capillaris,  and 
others  enter  the  iris,  within  which  they  form  another  vascular  ring,  the  circulus  iridis  minor, 
near  the  pupillary  aperture. 

The  Veins  of  the  Eyeball. — The  large  arborescent  veins  belonging  to  the  outer  vascular 
layer  of  the  chorioid,  viz.,  the  vence  vorticosa,  four  or  five  in  number,  pierce  the  sclerotic  in  the 
line  of  the  equator  of  the  globe,  and  carry  away  the  greater  part  of  the  venous  blood  from  the 
eyeball. 

A  remarkable  venous  sinus — the  Canal  of  Schlemm — is  found  in  the  deeper  layers  of  the 
sclerotic,  close  to  the  cornea  and  the  periphery  of  the  iris.  By  its  inner  aspect  it  comes  into  close 
relationship  with  the  spaces  of  Fontana,  which  are  situated  between  the  networks  of  the 
ligamentum  pectinatum  (see  Cornea),  and  in  direct  communication  with  the  anterior  chamber 
at  the  irido-corneal  angle.  The  blood  contained  within  this  sinus  is  drained  away  by  the 
anterior  ciliary  veins,  which  pursue  the  same  course  as  the  anterior  ciliary  arteries  and  drain 
away  the  blood  from  the  anterior  part  of  the  conjunctiva,  from  the  periphery  of  the  cornea,  and 
from  the  sclerotic.  They  form  extremely  fine  episcleral  networks,  which  extend  for  5  or  6  mm. 
from  the  margin  of  the  cornea  ;  they  end  partly  in  the  venae  vorticosa;  and  partly  in  the  veins  of 
the  orbital  cavity. 
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THE  NOSE  AND  NASAL  CAVITIES. 

The  nose  is  usually  described  as  consisting  of  two  parts :  an  external 
part  or  body,  or  the  nose  proper,  and  an  internal  part,  which  is  made  up  of 
two  symmetrically  arranged  cavities,  the  nasal  fossae. 

The  Nose  is  sharply  delimited  from  the  surrounding  parts  of  the 
face ;  its  junction  with  the  frontal  region  or  its  root  is  usually  indicated 
by  a  depression,  the  naso-frontal  groove  or  nasion  ;  its  lower  extremity 
or  base,  which  joins  the  upper  lip  almost  at  a  right  angle,  looks 
downwards,  and  presents  the  two  apertures  of  the  anterior  nares, 
separated  by  a  median  partition,  the  columella.  The  junction  of  the 
side  of  the  nose  with  the  face,  or  the  naso-facial  angle,  is  sharply  marked 
above,  and  also  at  its  lower  part,  where  it  corresponds  to  the  back- 
ward continuation  of  the  groove  at  the  side  of  the  nose,  known  as 
the  alar  sulcus.  Between  these  two  points  the  tissues  which  invest 
the  side  of  the  nose  pass  uninterruptedly  on  to  the  cheek  in  the 
form  of  a  fold,  more  or  less  distinct  in  different  cases,  to  which  the 
term  naso-jugal  may  be  applied.  The  junction  of  the  sides  of  the  nose 
in  the  middle  line  constitutes  the  dorsum  or  bridge,  which  terminates 
below  at  the  point  or  tip  of  the  organ. 

The  external  configuration  of  the  nose  is  subject  to  considerable 
variation ;  thus  the  dorsum  may  be  quite  straight  and  pass  unin- 
terruptedly upwards  on  to  the  forehead  in  an  almost  straight  line ; 
this  is  what  is  commonly  known  as  the  '  Grecian  type '  of  nose.  On 
the  other  hand,  the  dorsum  may  present  an  arched  appearance,  more 
or  less  accentuated  in  different  cases,  constituting  the  aquiline  or 
'Roman  type'.  Again,  the  dorsum  may  be  depressed,  either  as  a 
congenital  defect  or  as  the  result  of  disease ;  in  the  latter  case  it 
may  be  of  such  an  extent  as  to  -cause  great  distortion  of  the  face. 

The  direction  of  the  lower  extremity  or  base  of  the  nose  is  also 
liable  to  vary  ;  it  may,  when  the  head  is  held  erect,  lie  in  the 
horizontal  plane,  or  incline  slightly  upwards  and  backwards  or  down- 
wards and  backwards  from  the  tip.  This  latter  direction  is  to  be 
regarded  to  some  extent  as  the  foetal  type  of  nose,  seeing  that  in  the 
foetus  the  apertures  of  the  nares  are  at  first  directed  forwards,  but 
gradually  assume  a  downward  direction  as  the  nose  becomes  more 
prominent,  and  narrows  from  side  to  side.  When  the  bridge  of  the  nose 
is  depressed  in  the  way  just  mentioned  the  tip  is  elevated,  and  the 
anterior  nares  look  more  directly  forwards,  giving  the  face  a  very 
unsightly  appearance. 

The  anterior  nares  differ  much  also  in  their  shape  and  dimensions  ; 
they  are  usually  pyriform,  wider  behind  than  in  front,  and  are  directed 
from  before  backwards  and  outwards.  In  some  cases  they  have 
the  appearance  of  two  slits,  elongated  from  before  backwards ;  in  others 
their  outline  is  oval  or  almost  circular. 

The  breadth  of  the  nose  varies  considerably.  In  coarse-featured 
individuals,  certain  negro  races  for  example,  it  is  very  pronounced  ; 
the  alae  are  thick,  and  the  naso-jugal  folds  broad  and  prominent. 
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In  other  cases  where  the  features  are  of  a  more  finely  formed  type, 
the  nose  is  narrower,  deeper  from  before  backwards,  and  possesses  a 
much  thinner  covering  of  soft  tissues. 

The  Framework  of  the  Nose  is  partly  bony,  partly  cartilaginous.  The  bones  which  enter 
into  its  composition,  viz.,  the  nasal  and  the  nasal  processes  of  the  superior  maxillae,  collectively 
form  an  arch,  which  receives  very  considerable  support  on  its  deep  aspect  from  the  septum 
nasi.  The  cartilaginous  constituents  of  the  framework  are  hyaline  in  structure  ;  they  consist 
of  the  upper  and  lower  lateral  cartilages  and  certain  small  accessory  pieces,  cartilagines  minores 
vel  sesamoideiz,  which  are  connected  with  each  other  and  with  the  bones  by  dense  connective 
tissue.  The  upper  lateral  cartilages  are  prolonged  downwards  from  the  point  at  which  the  bone 
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FIG.  42. — The  facial  skeleton  and  the  cartilages  of  the  nose  viewed  from  the  front.  The  frontal 
and  maxillary  sinuses  are  shown  in  the  extent  of  their  relationships  to  the  exterior.  The 
three  heavy  black  lines  indicate  the  sites  at  which  the  bones  are  divided  in  the  so-called 
"excision  of  the  upper  jaw." 


ceases  ;  they  are  continuous  with  the  cartilage  of  the  septum,  and  may  be  regarded  as  its  expanded 
alae  (fig.  42).  The  lower  lateral  cartilages  are  thin  ;  they  help  to  give  consistency  to  the  lower 
part  of  the  side  of  the  nose  and  to  its  tip.  Each  of  these  cartilages  curves  inwards  in  front 
around  the  anterior  extremity  of  the  nostril  to  the  columella,  but  is  separated  from  its  fellow 
immediately  behind  the  tip  of  the  nose  by  the  anterior  extremity  of  the  septal  cartilage.  This 
fact  is  readily  appreciated  in  the  living  subject,  as  a  narrow  median  groove  or  sulcus  is  to  be  felt 
and  sometimes  clearly  seen  at  the  tip  of  the  nose,  between  the  anterior  incurved  extremities 
of  these  cartilages.  Although  the  greater  part  of  the  ala  nasi  is  deficient  in  cartilage,  yet  its 
consistency  is  to  a  large  extent  maintained  by  the  density  of  its  tissues  ;  it  possesses  considerable 
mobility,  and  dilates  and  contracts  rhythmically  with  the  respiratory  movements. 

The  skin  of  the  nose  is  thin,  but  increases  somewhat  in  thickness  towards  the  tip  ;  between 
it  and  the  osteo-cartilaginous  framework  there  is  an  intervening  layer  consisting  of  the  sub- 
cutaneous tissue  and  certain  muscles — pyramidalis  nasi,  compressor  nasi,  levator  labii  superioris 
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alseque  nasi,  dilator  nans.  The  subcutaneous  tissue  in  the  upper  half  of  the  nose  is  loosely 
constituted  and  the  skin  freely  movable,  but  over  the  lower  or  cartilaginous  part  it  is  much 
denser  and  the  skin  much  more  adherent,  as  a  considerable  amount  of  muscular  tissue  obtains 
attachment  to  its  deep  surface.  The  skin  of  the  nose  is  remarkable  for  the  large  number  of 
sebaceous  glands  which  it  possesses,  and  which  are  most  strikingly  developed  in  the  region  of  the 
alar  sulcus;  it  is  freely  supplied  also  with  blood-vessels  and  nerves;  the  arteries  are  derived 
from  the  ophthalmic  (frontal  and  nasal  branches),  and  from  the  facial  (lateral  nasal,  angular, 
and  superior  coronary  branches). 

The  sensory  nerves  distributed  to  the  skin  of  the  nose  are,  from  above  downwards,  the 
infratrochlear  branch  of  the  nasal,  branches  of  the  infra-orbital  nerve,  and  the  terminal  portion 
•of  the  nasal  nerve,  which  becomes  superficial  at  the  lower  border  of  the  nasal  bone. 

Owing  to  the  vascularity  of  the  superficial  structures  of  the  nose, 
wounds  involving  this  part  of  the  face  bleed  freely,  but  heal  with  great 
rapidity,  in  which  respects  they  closely  resemble  the  adjoining  tissues  of 
the  lips  and  cheeks.  Even  under  normal  conditions  it  is  sometimes 
possible  to  detect  fine  streaky  vessels  running  superficially  in  the  skin  of 
the  nose,  in  the  vicinity  of  its  tip  ;  they  are  often  very  evident  in  elderly 
individuals,  and  have  a  tendency  to  become  abnormally  dilated  and 
congested  in  those  who  are  addicted  to  alcoholic  excesses,  or  who  suffer 
from  '  chronic  dyspepsia.'  When  the  venous  circulation  is  obstructed  in 
•cases  of  cardiac  or  pulmonary  disease,  the  engorgement  of  the  veins  of 
the  nose  causes  it  to  assume  a  purple  or  livid  hue. 

The  sensibility  of  the  nasal  integument  is  very  great,  especially 
near  the  tip,  where  the  nasal  nerve  reaches  its  final  distribution.  In- 
flammatory swellings  in  this  locality  are  consequently  very  painful,  but 
this  no  doubt  is  due  to  some  extent  to  the  dense  unyielding  character  of 
the  subcutaneous  tissue.  Excessive  stimulation  of  the  skin  here  excites 
a  reflex  secretion  of  the  lachrymal  glands,  as  may  be  seen  by  the  rapid 
watering  of  the  eyes,  and  it  is  interesting  also  to  note  that  sneezing  may 
be  inhibited  by  squeezing  or  pinching  the  skin  of  the  nose. 

A  peculiar  hypertrophic  condition  of  the  skin  and  subcutaneous 
tissue  of  the  lower  part  of  the  nose,  associated  with  enlargement  of 
the  sebaceous  glands,  is  sometimes  observed ;  it  is  known  as  acne  rosacea, 
and  gives  the  part  a  knobby  Or  warty  appearance  of  a  very  disfiguring 
kind.  Lupus  commonly  attacks  the  nose  and  leads  to  its  progressive 
•destruction,  the  loss  of  tissue  being  most  frequently  observed  in  the 
alae,  tip,  and  anterior  part  of  the  septum. 

Rhinoplasty. — A  large  number  of  plastic  operations  have  been 
devised  for  correcting  deformities  of  the  nose  due  to  lupus  and  other 
•conditions.  In  some,  a  flap  of  skin  is  raised  from  the  forehead,  and 
while  still  attached  by  a  comparatively  thin  stalk — in  which  the  frontal 
artery  runs — at  the  inner  extremity  of  the  supra-orbital  margin,  it  is 
twisted  round  and  brought  downwards  to  form  a  new  extremity  for 
the  nose.  In  other  cases,  flaps  of  skin  are  raised  from  the  cheek  and 
drawn  inwards  to  the  middle  line.  In  the  Tagliocotian  operation  for 
correcting  nasal  deformities,  a  flap  of  the  integumentary  structures  is  raised 
from  the  front  of  the  upper  arm  and  fixed  to  the  freshened  edges  of  what 
remains  of  the  tissue  of  the  nose,  the  arm  meanwhile  being  held  in  contact 
with  the  head  by  a  rigid  retentive  apparatus.  When  healing  has  taken 
place  the  flap  is  completely  detached  from  the  arm,  and  is  fashioned  in 
such  a  way  as  to  form  a  new  tip  and  columella,  spaces  being  left  on  each 
side  of  the  latter  for  the  nostrils.  These,  however,  are  never  satisfactory, 
as  they  show  a  great  tendency  to  undergo  excessive  narrowing,  owing 
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to  the  want  of  cartilaginous  support,  which  plays  such  an  important  part 
in  maintaining  the  normal  patency  of  the  nostrils.  Several  ingenious 
devices,  an  account  of  which  is  quite  beyond  the  scope  of  this  work,  have 
been  employed  with  a  view  to  establish  a  supporting  framework  for 
the  flaps  which  form  the  new  nose. 

The  exposed  position  of  the  nose  renders  it  liable  to  injury  from 
blows  or  falls,  nevertheless  it  derives  a  certain  amount  of  protection  from 
the  forehead  and  is  well  supported  behind  by  the  strong  buttress  which 
is  provided  for  it  by  the  nasal  septum.  A  heavy  blow  or  a  fall  may 
cause  a  fracture  of  the  nasal  bone  on  one  or  both  sides,  the  direction 
of  the  fracture  being  usually  transverse,  or  approximately  so,  and  situated 
in  the  lower  third  of  the  bone.  Such  fractures  may  be  single  or  com- 
minuted, and  are  often  associated  with  a  certain  amount  of  depression  or 
sinking  in  of  the  nose,  and  very  evident  deformity.  As  the  mucous  mem- 
brane on  the  inner  aspect  of  the  bone  is  usually  lacerated,  these  fractures 
are  to  be  regarded  as  compound.  There  is  free  epistaxis,  as  a  rule,  at  the 
time  of  the  injury,  and  at  a  subsequent  period  an  emphysematous  swelling 
of  the  subcutaneous  tissue  in  the  immediate  neighbourhood.  In  addition 
to  the  nasal  bone,  a  fracture  in  this  region  may  involve  the  nasal  process 
of  the  superior  maxilla  and  cause  laceration  of  the  wall  of  the  lachrymal 
passage.  The  nasal  septum,  too,  occasionally  participates  in  the  fracture, 
and  may  even  be  driven  upwards  and  backwards  so  as  to  fracture  the  base 
of  the  skull.  Independently  of  such  a  grave  lesion,  however,  a  severe 
blow  on  the  nasal  bone  is  very  liable  to  cause  concussion  of  the  brain. 
It  is  always  advisable  to  correct  the  deformity  resulting  from  fracture  of 
the  nasal  bones  as  soon  as  possible,  in  view  of  the  fact  that  the  process 
of  repair  is  so  quickly  performed  in  these  highly  vascularised  bones. 

The  alae  are  the  only  parts  of  the  nose  which  move  independently; 
movements  of  the  other  parts,  especially  those  in  which  the  skin  assumes 
a  wrinkled  appearance,  are  associated  with  a  simultaneous  action  on 
the  part  of  other  features  of  the  face,  and  play  an  important  part  in 
facial  expression  ;  this  is  well  exemplified  in  the  facial  gestures 
indicative  of  contempt,  scorn,  etc. 


THE  NASAL 

The  nasal  fossae  are  two  capacious  chambers  arranged  symmetrically 
one  on  each  side  of  the  middle  line,  and  interposed  between  the  floor  of 
the  anterior  cranial  fossa  above  and  the  roof  of  the  buccal  cavity  below. 
They  communicate  in  front  with  the  exterior  of  the  face,  and  lead 
directly  from  before  backwards  into  the  naso-pharynx.  Certain  air 
spaces  or  accessory  sinuses  open  into  each  nasal  fossa,  and  their  ostia  are 
found  in  relation  to  its  outer  wall ;  they  are,  the  frontal  sinus,  which  is 
situated  above  and  in  front ;  the  ethmoidal  and  maxillary  sinuses  on  each 
side,  and  the  sphenoidal  sinus  behind.  Each  nasal  fossa,  with  the  exception 
of  its  inlet  or  vestibule,  is  lined  by  mucous  membrane  (Schneiderian  or 
pituitary),  which  is  continuous  through  the  various  ostia  with  that  which 
lines  the  accessory  sinuses,  the  lachrymal  passages,  the  naso-pharynx,  and 
the  Eustachian  tube. 
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The  description  of  each  nasal  fossa  includes  an  account  of  the  following  parts  :  anterior 
aperture  or  inlet  (anterior  nares),  posterior  aperture  or  outlet  (posterior  nates  or  choana), 
roof,  floor,  inner  wall  or  septum  nasi,  outer  wall. 

The  Anterior  Nares  or  aperture  of  the  nostril  has  been  described  with  the  nose  ;  it  is 
much  smaller  and  upon  a  lower  level  than  the  bony  or  pyriform  aperture  which  leads  directly 
backwards  into  the  fossa  ;  and  whereas  the  aperture  of  the  nares  looks  downwards,  the  bony 
aperture  looks  almost  directly  forwards. 

The  Posterior  Nares  or  Choana  is  placed  vertically  in  the  coronal  plane,  and  connects 
the  nasal  fossa  with  the  naso-pharynx.  The  aperture  is  somewhat-oval  or  quadrilateral  in  shape, 
is  separated  from  its  fellow  by  the  thin  posterior  margin  of  the  vomer,  and  is  related  above 
to  the  body  of  the"  sphenoid,  below  to  the  hard  palate,  and  externally  to  the  internal  pterygoid 
plate  and  the  Eustachian  tube.  The  three  meatuses  and  the  posterior  extremities  of  the  three 
turbinated  bones  which  are  situated  on  the  outer  wall  of  the  nasal  fossa  converge  towards  the 
aperture.  The  choanse  are  usually  symmetrical  and  the  vertical  measurement  of  each  is  on  an 
average  about  one  inch,  the  transverse  half  an  inch. 

The  Roof  of  the  nasal  fossa  is  arched,  and  is  very  narrow  throughout  its  entire  extent— not 
more  than  2  or  3  mm.  The  anterior  or  nasal  segment  of  the  arch  slopes  downwards  and 
forwards,  and  is  formed  by  the  posterior  grooved  surface  of  the  nasal  bone  ;  the  middle  or 
horizontal  segment  is  formed  by  the  cribriform  plate  of  the  ethmoid  and  the  posterior  sloping 
segment  is  formed  by  the  sphenoid  (sphenoidal  turbinated  bone). 

The  Floor  of  the  fossa  is  much  wider  than  the  roof,  viz.,  about  15  mm.,  and  is  situated  some- 
what above  the  horizontal  level  of  the  anterior  nares.  It  is  very  smooth  in  the  recent  state,  is 
inclined  with  a  gentle  slope  downwards  and  backwards,  and  is  slightly  concave  from  side  to  side. 
It  is  formed  by  the  palatal  processes  of  the  superior  maxillary  and  palate  bones  (fig.  45). 

The  Inner  Wall  or  Septum  of  the  nose  forms  a  vertical  median  partition  interposed  be- 
tween the  two  fossae.  Its  shape,  however,  is  subject  to  considerable  variations,  and  it  frequently 
•deviates  to  one  or  other  side.  The  principal  parts  which  enter  into  its  composition  are  the  per- 
pendicular plate  of  the  ethmoid,  the  vomer,  and  the  septal  cartilage  ;  these  are  reinforced  by  the 
rostrum  of  the  sphenoid,  the  palatal  crests  of  the  superior  maxillary  and  palate  bones,  and  by  the 
nasal  spine  of  the  frontal  bone.  The  vomer  alone  forms  the  back  part  of  the  septum,  and  the 
septal  cartilage  mainly  forms  the  anterior  part.  This  latter  reaches  forwards  almost  to  the  tip  of 
the  nose  between  the  cartilages  of  the  aperture  and  upwards,  behind  the  nasal  bones,  to  within  a 
short  distance  of  the  naso-frontal  articulation,  where  it  gives  place  to  the  perpendicular  plate  of 
the  ethmoid  and  the  nasal  spine  of  the  frontal  bone. 

The  Outer  Wall. — i.  In  the  Macerated  Skull. — The  appearances  presented  by  the  outer 
wall  of  the  nasal  fossa  are  of  a  complicated  character,  owing  to  the  inward  projection  of  the 
lateral  mass  of  the  ethmoid  and  the  turbinated  bones.  The  true  outer  limit  of  the  fossa  lies  to  the 
outer  side  of  these,  and  can  be  examined  to  greatest  advantage  in  a  macerated  skull  in  which  a 
vertical  sagittal  section  has  been  made  parallel  to  the  long  axis  of  the  fossa,  through  the  centre 
of  the  supra-orbital  margin,  the  orbital  floor,  and  the  maxillary  sinus.  With  a  section  such  as  this 
it  will  be  seen  that  the  outer  wall  of  the  fossa  is  related  in  front  to  that  part  of  the  face  which 
corresponds  to  the  nasal  bone  and  the  nasgl  process  of  the  superior  maxilla.  Behind  this,  the 
outer  wall  of  the  nose  is  related  to  the  orbital  cavity  above  and  to  the  maxillary  sinus  below. 
The  different  bones  which  separate  these  three  cavities — nasal,  orbital,  maxillary — are  excessively 
thin  and  fragile.  Further  back,  the  outer  wall  of  the  fossa  is  completed  by  the  vertical  plate  of 
the  palate  and  by  the  internal  pterygoid  plate  of  the  sphenoid,  and  is  brought  into  communica- 
tion with  the  spheno-maxillary  fossa  by  the  spheno-palatine  foramen. 

2.  In  the  Recent  State. — The  outer  wall  of  the  nose  still  retains  to  a  large  extent  its 
irregular  appearance  ;  it  may,  however,  be  divided  into  three  parts,  which  are,  naming  them  from 
before  backwards,  (i)  the  vestibule,  (2)  the  atrium,  (3)  the  region  of  the  turbinated  bones,  with  the 
intervening  meatuses. 

The  Vestibule  is  represented  by  a  depression,  somewhat  oval  in  outline,  which  is  situated 
between  the  anterior  nares  and  the  bony  aperture  of  the  fossa  and  is  sometimes  partially  subdivided 
into  two  parts  by  an  antero-posterior  ridge.  This  part  of  the  outer  wall  is  lined  by  skin  and  con- 
tains numerous  hairs  (vibrissai)  and  sebaceous  glands.  The  cavity  of  the  vestibule  expands  in  front 
in  the  direction  of  the  tip  of  the  nose,  forming  the  ventricle.  The  junction  of  the  vestibule  with 
the  atrium  is  usually  indicated  by  a  distinct  ridge,  which  is  known  as  the  limen  veslibuli  and 
indicates  the  level  at  which  the  skin  and  mucous  membrane  meet. 

The  Atrium  extends  upwards  from  the  vestibule  to  the  roof  of  the  fossa  and  leads  directly 
backwards  into  the  middle  meatus,  hence  its  name  '  atrium  meatus  medii '  (fig.  44).  At  its  upper 
part  a  ridge  is  sometimes  seen  crossing  it  in  front  of  the  middle  turbinated  bone  ;  it  is  called  the 
agger  nasi,  and  serves  as  a  boundary  line  between  the  olfactory  and  respiratory  portions  of  the 
mucous  membrane. 

The  Region  of  the  Turbinated  Bones.  — There  are  three  turbinated  bones — superior,  middle, 
and  inferior  ( fig.  43) — of  which  the  two  first  belong  to  the  ethmoid  ;  the  lowest,  however,  is  an  in- 
dependent bone.  They  project  inwards  so  as  to  narrow  the  nasal  cavity,  they  are  very  thin,  and 
•each  of  the  three  is  rolled  upon  itself  in  such  a  way  that  its  free  margin  is  directed  outwards  as 
well  as  downwards  (fig.  45).  The  spaces  which  they  overlie  and  shut  off  to  some  extent  from 
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the  general  cavity  of  the  nasal  fossa  are  called  the  meatuses.  The  inferior  meatus  is  situated 
between  the  inferior  turbinal  and  the  floor  of  the  nose  ;  the  middle  meatus,  between  the  middle 
and  inferior  turbinals  ;  and  the  superior  meatus,  between  the  middle  and  superior  turbinals. 

Tke  superior  turbinal  is  much  the  smallest  of  the  three  ;  its  anterior  extremity  is  situated, 
as  a  rule,  beneath  the  centre  of  the  cribriform  plate,  and  it  is  sometimes  traversed  and  partially 
subdivided  into  two  by  an  antero-posterior  fissure  (fig.  43).  The  depressed  area  which  lies 
above  and  behind  the  superior  meatus  is  called  the  sphe.no-ethmoidal  recess  ;  it  communicates 
behind  with  the  sphenoidal  air  sinus. 

The  middle  turbinated  bone  extends  forwards  to  a  much  greater  extent,  viz.,  to  the  level  of 
the  anterior  extremity  of  the  cribriform  plate.  Its  free  margin  at  first  descends  almost  vertically 
and  meets  the  lower  in  a  rounded  angle  (fig.  43) ;  from  this  it  extends  backwards  and  slightly 
downwards  to  the  posterior  aperture  of  the  fossa. 

The  inferior  turbinated  bone  is  the  longest ;  its  anterior  extremity  extends  forwards  to  a  point 
not  more  than  three-quarters  of  an  inch  behind  the  anterior  nares,  its  posterior  extremity 
approaches  to  within  I  cm.  of  the  orifice  of  the  Eustachian  tube,  and  its  lower  or  free  margin 
approaches  close  to  the  floor  of  the  fossa  (fig.  43). 

Middle  Turbinated  Bone. 

Superior  Turbinated  Bone. 
.       Spheno-ethmoidal  Recess. 


Frontal  Air  Sinus. 


Agger  Nasi. 


Atrium  of  the 
Middle  Meatus.  .- 


Cushion  of  the 
Eustachian  Tube. 


Orifice  of  the 
Eustachian  Tube. 


Vestibule. 


Superior 
Middle          Meatus. 
Inferior        Meatus. 
Meatus. 


FIG.  43. — The  outer  wall  of  the  right  nasal  fossa  in  a  recent  specimen.  Note  its  three  parts, 
which,  from  before  backwards,  are  :  (i)  the  vestibule  ;  (2)  the  atrium  ;  (3)  the  region  of  the 
turbinated  bones  with  the  intervening  meatuses.  The  orifice  of  the  Eustachian  tube  is  seen 
upon  the  side  wall  of  the  naso-pharynx.  Note  the  outline  of  the  nasal  roof,  viz. ,  sloping 
downwards  in  front  and  behind,  but  horizontal  in  its  middle  part. 

The  Meatuses.  — The  Inferior  Meatus  is  brought  into  view  by  cutting  away  the  inferior  tur- 
binated bone  close  to  its  attached  border,  and  it  will  be  seen  then  that  the  latter  describes  a  curve, 
the  highest  point  of  which  is  situated  near  the  junction  of  the  anterior  and  middle  thirds  of  the 
meatus,  and  at  this  level  also  will  be  found  the  opening  of  the  nasal  duct,  about  three-quarters  of 
an  inch  above  the  nasal  floor  (fig.  44).  It  sometimes  forms  an  almost  imperceptible  slit ;  in 
other  cases,  however,  it  presents  a  small  oval  opening.  The  outer  wall  of  the  nose  at  this 
level  very  frequently  bulges  outwards  so  as  to  increase  the  capacity  of  the  meatus  at  the  expense 
of  the  maxillary  sinus  (fig.  28).  The  general  outline  of  the  inferior  meatus  is  spindle-shaped, 
i.e.  narrow  in  front  and  behind,  but  somewhat  expanded  in  the  remainder  of  its  extent. 

The  Middle  Meatus  can  only  be  seen  to  advantage  by  cutting  away  the  greater  part  of  the 
middle  turbinated  bone  by  which  it  is  concealed  (fig.  44).  The  attached  margin  of  the  latter 
forms  in  front  a  highly  arched  curve,  from  which  it  slopes  downwards  and  backwards  gradually 
towards  the  posterior  nares.  The  fossa,  when  exposed  in  this  way,  is  roughly  pyriform  in 
outline,  and  at  its  upper  and  anterior  part  presents  a  deep  groove,  the  infundibiilum,  into  which 
opens  the  narrow  passage  which  leads  downwards  from  the  frontal  air  sinus.  A  fold  of  mucous 
membrane  supported  by  a  thin  curving  shelf  of  bone,  viz.,  the  uncinate  process  of  the  ethmoid, 
bounds  the  infundibulum  internally.  The  rounded  projection  which  lies  above  the  latter  is  known 
as  the  bttlla  ethmoidalis  ;  it  contains  one  or  more  ethmoidal  cells  in  its  interior,  and  is  separated  from. 
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the  uncinate  process  by  a  curved  slit,  the  hiatus  semilunaris,  which  leads  into  the  infundibulum. 
Opening  into  the  latter  also  will  be  found  the  maxillary  sinus  and  the  anterior  ethmoidal  cells. 
A  recess  is  sometimes  found  above  the  bulla,  within  which  are  found  one  or  more  small  apertures 
leading  into  the  middle  ethmoidal  cells  (fig.  44). 

The  Superior  Meatus  is  very  small,  being  represented  merely  by  a  narrow  fissure  or  cleft. 
One  or  more  apertures  are  found  within  it  which  lead  into  the  posterior  ethmoidal  cells. 

From  the  foregoing  description  and  by  a  reference  to  the  coronal  section  (fig.  45)  it  will  be 
evident  to  the  reader  that  the  general  cavity  of  each  nasal  fossa  may  be  subdivided  into  (l)  a 
part  situated  between  the  turbinated  bones  and  the  septum,  which  is  very  narrow  in  the  upper 
or  olfactory  portion  of  the  cavity  (olfactory  cleft),  but  whidh  widens  out  below  as  it  approaches 
the  floor  of  the  fossa  (respiratory  portion) ;  (2)  the  recesses  which  are  situated  between  the 
turbinated  bones  and  the  outer  wall  of  the  fossa,  viz. ,  the  mealttses,  within  which  are  found  the 
ostia  of  the  various  accessory  sinuses. 

The  Mucous  Membrane  of  the  Nose  is  continuous  with  that  of  the  accessory  sinuses,  and 
consists  of  an  olfactory  and  a  respiratory  portion.  The  former  is  limited  to  the  upper  part  of  the 
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Ostium  of  the  Maxillary  Sinus. 
Ethmoidal  Bulla. 
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FIG.  44. — Dissection  of  the  outer  wall  of  the  right  nasal  fossa,  to  demonstrate  the  parts  seen  within 
the  middle  and  inferior  meatuses  when  the  corresponding  turbinated  bones  have  been 
removed.  Same  specimen  as  figured  in  last  illustration. 


cavity,  it  reaches  down  on  the  outer  wall  over  the  upper  half  of  the  middle  turbinated  bone,  and 
for  a  similar  vertical  extent  over  the  inner  wall  or  septum.  This  part  of  the  mucous  membrane 
is  thin,  of  a  brownish-yellow  colour,  and  in  addition  to  the  terminal  endings  of  the  olfactory  nerves 
it  contains  a  large  number  of  glands  of  a  tubular  character  (Bowman). 

The  respiratory  part  of  the  mucous  membrane  is  on  the  whole  thicker  and  more  vascular. 
These  characteristics  are  most  evident  on  the  outer  wall  over  the  lower  borders  of  the  middle 
and  inferior  turbinated  bones,  where  the  membrane  sometimes  presents  a  wrinkled  or  polypoid 
appearance  of  a  bluish-red  colour,  capable  of  filling  out  and  swelling  to  a  considerable  extent, 
after  the  manner  of  cavernous  tissue  when  its  spaces  are  distended.  Between  the  turbinated 
bones  and  along  the  floor  of  the  nasal  fossa,  however,  the  membrane  is  much  thinner.  Numerous 
glands,  both  mucous  and  serous,  are  present  throughout  this  respiratory  area,  and  in  addition 
there  are  also  some  masses  of  lymphoid  tissue. 

Blood-Vessels. — The  arteries  which  are  distributed  within  the  nasal  fossa  are  (i)  the 
spheno-palatine,  a  branch  of  the  internal  maxillary ;  it  enters  the  fossa  posteriorly  through  the 
spheno-palatine  foramen,  and  its  principal  ramifications  are  found  upon  the  outer  wall,  some 
however  supply  the  mucous  membrane  of  the  septum  ;  (2)  branches  of  the  anterior  and  posterior 
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ethmoidal  arteries  (ophthalmic) ;  (3)  the  septa!  branch,  of  the  superior  coronary  artery  (facial] ; 
(4)  some  small  branches  from  the  descending  palatine  artery  (int.  maxillary). 

The  arteries  just  named  subdivide  and  form  fine  capillary  networks,  which  are  divisible  into 
three  groups  :  (a)  a  superficial  network  in  the  mucous  membrane,  (b)  another  in  the  tissue  immedi- 
ately surrounding  the  glands,  and  (c)  a  deep  network  in  the  periosteum ;  the  three  systems  of 
course  anastomose  freely. 

The  Veins  are  found  collected  mainly  beneath  the  mucous  membrane  of  the  middle  and 
inferior  turbinated  bones,  where  they  form  a  sort  of  lacunar  arrangement,  recalling  very  much 
the  characters  of  cavernous  tissue  ;  this  is  so  pronounced  over  the  inferior  turbinated  bone  that 
the  mucous  membrane  here  is  sometimes  spoken  of  as  '  the  erectile  body*  (fig.  45). 

The  Lymphatics  form  a  plexus  in  the  mucous  membrane,  and  the  majority  of  the  larger 
vessels  become  connected  with  those  of  the  palate  and  pharynx  and  reach  the  deep  cervical  glands. 
The  lymph  spaces  which  surround  the  filaments  of  the  olfactory  nerve  communicate  with  the 
subarachnoid  space  of  the  brain. 

Nerves. — In  addition  to  the  nerves  of  special  sense  (olfactory')  several  sensory  branches  of  the 
trigeminal  nerve  are  distributed  throughout  the  nasal  fossa.  Some  of  these  enter  the  fossa  posteriorly 
through  the  spheno-palatine  foramen,  viz. ,  the  superior  nasal  branches  from  Meckel's  ganglion,  and 
are  distributed  partly  to  the  outer  wall,  partly  to  the  septum.  A  couple  of  minute  twigs  from  the 
anterior  palatine  nerve  pierce  the  vertical  plate  of  the  palate  bone  as  the  nerve  descends  in  the 
posterior  palatine  canal.  At  the  anterior  part  of  the  fossa,  branches  are  furnished  to  the  nose  by 
the  nasal  nerve. 

Methods  of  examination  of  the  nose. — The  small  size  of  the  anterior 
aperture  of  the  nares,  its  unyielding  character,  and  its  downward 
direction  below  the  level  of  the  floor  of  the  nasal  fossa,  render  inspection 
and  palpation  of  the  interior  of  the  latter  a  matter  of  considerable 
difficulty.  By  introducing  a  speculum,  however,  and  at  the  same  time 
elevating  the  nostril  and  tip  of  the  nose,  it  is  possible  with  the  aid  of 
good  illumination  to  get  a  view  of  the  anterior  extremity  of  the  inferior 
turbinated  bone,  a  small  part  of  the  inferior  meatus,  the  anterior  ex- 
tremity of  the  middle  turbinated  bone,  the  entrance  to  the  middle 
meatus,  and  the  anterior  part  of  the  septum.  One  may  perhaps  detect 
certain  deviations  from  the  normal  in  the  condition  of  these  parts,  such 
as  vascular  engorgement,  or  a  permanently  hypertrophic  state  of  the 
mucous  membrane,  especially  that  which  covers  the  inferior  turbinated 
bone,  a  lateral  deflection  of  the  septum,  and  possibly  a  perforation  of 
its  anterior  part  if  one  exists  ;  one  may  also  ascertain  the  presence  of 
intranasal  polypi  or  other  forms  of  new  growth.  Inspection  may  disclose 
the  fact  that  the  turbinated  bones  and  the  mucous  membrane  are  in 
a  shrivelled,  atrophic  state,  and  the  nasal  fossa  consequently  very 
capacious.  With  this  condition  present  one  may  possibly  recognise 
the  hiatus  semilunaris,  and  even  the  opening  of  the  sphenoidal  sinus.  The 
disease  which  effects  these  changes  in  the  interior  of  the  nasal  fossa  is 
known  as  atrophic  rhinitis,  or  oz&na. 

In  order  to  gain  freer  access  than  that  afforded  by  the  natural  route, 
both  for  the  purpose  of  palpation  and  direct  inspection  of  the  interior 
of  the  fossa,  Kocher  advises  that  the  cartilage  of  the  septum  be  divided 
with  strong  scissors,  the  blades  of  which  are  introduced,  one  into  each 
nostril,  as  far  back  as  possible.  The  pliable  cartilage  when  split  in  this 
way  readily  allows  the  finger  to  be  introduced  into  the  interior;  the 
procedure,  however,  is  accompanied  by  free  bleeding  from  the  arteries 
of  the  septum  (septal  and  naso-palatine).  Limited  areas  of  disease  may 
be  treated  in  this  way,  or  pieces  of  necrosed  bone  removed. 

The  facilities  for  the  examination  of  the  interior  of  the  nose  are 
greatly  increased  by  an  incision  along  its  dorsal  aspect,  close  to  the 
middle  line  (fig.  42)  (paramedian  incision  of  Kocher).  The  lateral  nasal 
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cartilages  when  divided  are  drawn  outwards  and  the  anterior  part  of 
the  nasal  fossa  is  at  the  same  time  exposed.  The  parts  readily  come 
together  afterwards,  and  the  resulting  cicatrix  is  almost  invisible. 

Another  method  which  has  been  employed  for  getting  a  thorough 
view  of  the  interior  of  the  nasal  fossa  is  by  means  of  an  osteoplastic 
operation,  in  which  a  paramedian  incision  is  made  similar  to  the  above, 
but  extending  upwards  through  the  nasal  bone.  Another  incision  is 
made  at  the  junction  of  the  nose  with  the  cheek,  and  around  the  ala, 
down  to  and  through  the  nasal  process  of  the  superior  maxilla,  com- 
mencing just  below  the  lachrymal  sac.  The  narrow  bridge  of  bone 
connecting  these  two  incisions  is  then  fractured  below  the  naso-frontal 
articulation,  and  the  osteoplastic  flap  turned  upwards.  The  fossa  is 
now  brought  well  into  view. 

Very  free  access  may  be  gained  to  both  nasal  fossae  by  everting  the 
upper  lip  and  dividing  the  mucous  membrane  where  it  is  reflected 
on  to  the  gum  (Rouge).  The  tissues  are  separated  in  an  upward 
direction  and  the  lateral  cartilages  of  the  nose  separated  from  their 
bony  connections.  The  pyriform  aperture  is  now  exposed,  and,  if  the 
septum  be  divided,  the  soft  parts  can  be  turned  upwards  as  far  as  the 
eyes,  and  the  entire  extent  of  the  nasal  cavities  rendered  accessible  from 
the  front.  This  procedure  has  the  disadvantage  of  being  accompanied  by 
very  free  haemorrhage,  but,  on  the  other  hand,  it  has  the  merit  of  leaving 
no  ultimate  disfigurement. 

The  mode  of  gaining  access  to  the  posterior  nares  is  described  in  the 
section  dealing  with  the  applied  anatomy  of  the  naso-pharynx.  When 
freer  access  to  this  region  is  required  than  that  afforded  by  the  natural 
passage  behind  the  soft  palate,  it  may  be  obtained  by  splitting  the  latter 
in  the  middle  line,  and,  if  necessary,  prolonging  the  incision  along  the 
centre  of  the  hard  palate,  reflecting  the  tissues  from  the  bone,  and  perform- 
ing a  limited  resection  of  the  hard  palate  and  the  vomer  (Gussenbauer). 

This  procedure  opens  up  the  posterior  parts  of  the  two  nasal  cavities 
and  the  naso-pharynx  in  a  very  complete  way,  and  tumours  springing 
from  the  base  of  the  skull  are  rendered  sufficiently  accessible  for  the 
carrying  out  of  the  necessary  manipulations  attending  their  removal. 

Instrumentation. — From  what  has  been  stated  with  reference  to 
the  relative  positions  of  the  meatuses  of  the  nose  and  of  the  anterior 
aperture  of  the  nares,  it  will  be  readily  seen  that  certain  precautions  are 
necessary  in  the  introduction  of  instruments  such  as  a  probe,  Eustachian 
catheter,  etc. ;  unless  special  care  be  taken  the  point  of  the  instrument 
tends  to  glide  over  the  upper  sloping  surface  of  the  inferior  turbinated 
bone  and  to  enter  the  middle  meatus  (fig.  43).  To  avoid  this  it  is 
necessary  to  elevate  and,  at  the  same  time,  to  press  the  nostril  backwards, 
so  as  to  bring  its  orifice  into  line  with  the  floor  of  the  fossa.  As  soon  as 
the  catheter  or  probe  enters  the  inferior  meatus  the  guiding  hand  is 
raised,  and  the  advancing  point  of  the  instrument  is  brought  into 
contact  with  the  floor  of  the  nasal  fossa,  along  which  its  further  course 
is  directed. 

A  sharp-pointed  instrument  entering  the  nostril  and  directed  from 
below  upwards,  may  easily  perforate  the  thin  cribriform  plate  which  forms 
the  central  segment  of  the  nasal  roof  and  wound  the  brain  ;  fatal  meningitis 
has  followed  such  an  injury. 
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Nasal  Obstruction. — The  mode  of  constitution  of  the  nasal  fossae 
affords  an  explanation  of  the  frequency  with  which  they  are  obstructed, 
more  especially  when  one  considers  the  way  in  which  the  turbinated 
bones  encroach  upon  the  nasal  chamber,  and  the  capacity  for  rapid 
swelling  which  their  mucous  membrane  possesses. 


Ostium  9f  Anterior  Ethmoidal  Cells. 


Anterior  Cranial  Fossa. 

Frontal  Air  Sinus. 


Middle 

Turbinated  Bone.  — L- 


Maxillary  Sinus. .  --iaL- 


Inferior  Meatus. 


FIG.  45. — A  coronal  section  passing  through  the  nasal  fossae.  The  relations  of  the  fossae  are 
well  seen  above,  below,  and  externally.  Note  the  lateral  deviation  of  the  nasal  septum. 
The  respiratory  subdivision  of  each  fossa  lies  below  the  level  of  this  spur  ;  the  part  above, 
narrow  and  slit-like,  is  the  olfactory  subdivision — "olfactory  cleft";  on  the  left  side  a 
white  rod  lies  in  the  opening  of  the  maxillary  sinus ;  the  rod  on  the  right  side  is  in  the 
opening  of  the  anterior  ethtnoidal  cells.  The  rounded  ridge  seen  in  the  maxillary  sinus 
in  the  right  side  indicates  the  canal  for  the  infra-orbital  nerve.  Note  also  the  middle  and 
inferior  meatuses  of  each  nasal  fossa. 


Obstruction  of  the  nasal  passages  interferes  with  respiration,  the 
voice  becomes  altered  in  character  and  acquires  a  peculiar  nasal 
intonation,  the  senses  of  smell  and  taste  are  partially  or  completely  lost, 
and  certain  phenomena  of  a  reflex  character  are  occasionally  observed, 
one  of  the  most  distressing  taking  the  form  of  asthmatic  attacks,  the 
afferent  paths  being  the  nasal  branches  of  the  trigeminal  nerve,  and 
the  efferent  paths  the  vagi  nerves.  In  proof  of  its  reflex  nature,  it  not 
infrequently  happens  that  when  the  causes  leading  to  the  obstruction  are 
rectified  the  asthma  disappears. 

Among  the  more  common  causes  which  produce  obstruction  of  the 
nasal  fossae  may  be  mentioned  congestion  or  hypertrophy  of  the  mucous 
membrane,  especially  that  which  covers  the  inferior  turbinated  bone; 
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polypi  or  other  forms  of  new  growth  ;  deflection  of  the  septum ; 
excessive  expansion  of  the  ethmoidal  labyrinth  or  of  the  middle 
turbinated  bone. 

Congestion  of  the  mucous  membrane  is  a  regular  accompaniment 
of  the  different  forms  of  coryza  or  rhinitis.  The  blocking  of  the  nose, 
which  is  so  familiar  to  everyone  in  the  course  of  an  ordinary  cold  in  the 
head,  is  mainly  due  to  the  swollen  state  of  the  mucous  membrane 
covering  the  inferior  turbinated  bones.  The  ease  with  which  this 
congestive  swelling  supervenes  is  not  by  any  means  remarkable  when  one 
considers  the  rich  venous  networks  which  lie  beneath  the  mucous 
membrane,  and  which  to  some  extent  give  it  the  characters  of  erectile 
tissue.  Long  continued  or  frequently  recurring  attacks  of  congestion 
lead  to  a  permanent  hypertrophic  state  of  the  mucous  membrane 
(Jiypertrophic  rhinitis],  for  which  operative  intervention  in  the  form  of 
cauterisation,  turbinectomy,  etc.  is  frequently  required.  The  posterior 
extremity  of  the  inferior  turbinated  bone  is  sometimes  so  enlarged  as  to 
project  into  the  posterior  nares,  and  has  been  mistaken  for  a  tumour  of 
new  formation  ;  its  close  proximity  to  the  orifice  of  the  Eustachian  tube 
helps  to  account  for  the  deafness  which  sometimes  co-exists  with 
hypertrophic  rhinitis. 

Nasal  Polypi  are  nearly  always  of  the  soft  or  myxomatous  variety, 
but  fibrous  polypi  are  also  met  with  here.  The  former  have  a  gelatinous 
consistency,  and  are  usually  found  growing  from  the  lower  border  of  the 
middle  turbinated  bone  or  within  the  middle  meatus,  around  the  ostia  of 
the  accessory  sinuses  ;  they  rarely  extend  upwards  into  the  olfactory  cleft. 
In  size  these  polypi  vary  from  quite  small  masses  up  to  large  lobulated 
tumours,  with  a  sessile  or  pedunculated  attachment.  Their  presence  is 
usually  indicative  of  disease  of  the  underlying  bone. 

Malignant  Tumours — usually  scarcomata — originating  within  the 
nasal  fossae  have  a  great  tendency  to  invade  the  surrounding  parts.  They 
not  uncommonly  make  their  way  forwards  through  the  nasal  bones, 
forming  at  first  a  red,  elastic  "swelling  at  the  root  of  the  nose,  which 
ultimately  ulcerates  and  fungates.  They  may  advance  also  upwards 
into  the  cranial  cavity,  or  outwards  into  the  ethmoidal  labyrinth,  orbit, 
and  maxillary  sinus.  Blocking  of  the  nasal  duct  is  sometimes  an  early 
symptom  of  a  malignant  growth  of  the  nose  extending  outwards. 

Deflection  of  the  Nasal  Septum. — The  parts  which  enter  into  the 
composition  of  the  nasal  septum  have  been  described  with  the  general 
anatomy  of  the  nose.  Although  the  septum  usually  forms,  in  the  child,  a 
vertical  median  partition,  yet  after  the  seventh  year  it  is  very  commonly 
found  deflected  to  one  or  other  side.  From  the  investigations  of  different 
observers  it  would  appear  that  a  lateral  deviation  is  present  in  about 
seventy-five  per  cent,  of  Europeans.  It  is  usually  most  accentuated  in 
front,  in  the  cartilaginous  part  of  the  septum,  and  is  practically  never 
found  at  its  back  part,  which  is  constituted  entirely  by  the  vomer.  It 
would  appear  as  if  the  deviation  were  due  in  many  cases  to  continued 
growth  of  the  bones  of  the  septum  in  the  vertical  plane  after  having 
met  at  their  edges,  and  this  view  is  confirmed  by  the  fact  that  the  summit 
of  the  deflection  is  frequently  found  at  the  junction  of  the  vomer  and 
ethmoid.  Should  one  of  these  bones  be  much  stronger  than  the  other, 
the  weaker  alone  may  bend,  and  this  is  usually  the  perpendicular  lamella  of 
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the  ethmoid.  Each  lateral  plate  of  the  vomer  may  bend  outwards  inde- 
pendently of  the  other,  and  when  such  is  the  case  two  lateral  deflections 
will  co-exist.  Injury,  such  as  a  fall  upon  the  tip  of  the  nose,  may  cause  a 
fracture  of  the  septum,  and  give  rise  to  a  lateral  deviation.  In  children 
with  adenoids,  the  nasal  fossae  do  not  develop  to  the  same  extent  as 
they  do  under  normal  conditions,  and  in  these,  the  septum,  finding  its 
surroundings  cramped,  is  compelled  to  deviate  from  the  vertical  plane. 

It  frequently  happens  that  the  deviation  is  aggravated  by  a  heaping 
up  of  bone  or  cartilage  at  its  summit,  which  has  more  than  once  given 
rise  to  a  mistaken  diagnosis,  the  condition  being  regarded  as  a  carti- 
laginous or  osseous  tumour.  As  the  cartilage  usually  shares  in  the 
bending  of  the  septum,  this  deformity  will  of  necessity  be  accompanied 
by  a  lateral  deviation  of  the  tip  of  the  nose,  which  indeed  is  very 
commonly  observed. 

In  many  cases  deviation  of  the  septum  is  unassociated  with  any 
unpleasant  symptoms  ;  it  may,  however,  obstruct  the  nasal  fossa  completely 
on  one  side,  interfering  with  respiration,  and  rendering  the  examination 
of  the  fossa  very  difficult,  or  affording  a  serious  obstacle  to  the  intra- 
nasal  treatment  of  certain  forms  of  disease ;  for  these  reasons  it 
occasionally  calls  for  special  treatment.  Different  procedures  have  been 
carried  out,  such  as  sawing  off  the  projecting  spur,  or  forcible  straighten- 
ing of  the  septum  by  means  of  specially  constructed  forceps,  etc. 

Hypertrophy  of  the  Ethmoidal  Labyrinth,  and  that  part  more 
particularly  which  is  known  as  the  bulla  ethmoidalis,  is  sometimes  so 
far  pronounced  as  to  obstruct  the  nasal  fossa  on  that  side.  The  middle 
turbinal  overlies  and  yields  before  the  expanded  labyrinth,  and  may 
even  press  against  the  septum  to  such  an  extent  as  to  make  it  bend 
and  obstruct  the  opposite  nasal  fossa  to  a  greater  or  lesser  degree. 
The  removal  of  the  middle  turbinal  is  sometimes  practised  in  these  cases. 

Necrosis  of  the  bones  which  enter  into  the  formation  of  the  skeletal 
framework  of  the  nose  is  most  frequently  observed  in  individuals  who 
suffer  from  syphilis,  either  in  its  congenital  or  acquired  form.  In  many 
cases  it  is  the  result  no  doubt  of  gummatous  disease  of  the  periosteum, 
or  it  may  be  preceded  by  ulceration  of  the  mucous  membrane,  which 
subsequently  involves  the  periosteum.  When  the  necrosis  affects  the 
hard  palate,  it  is  followed  as  a  rule  by  a  perforation  into  the  mouth. 
It  occasionally  causes  a  perforation  or  even  total  destruction  of  the  nasal 
septum  ;  and  should  disease  of  this  part  be  associated  with  necrosis  of 
both  nasal  bones,  the  nose  itself  will  fall  in,  giving  rise  to  a  most  unsightly 
deformity. 

THE   ACCESSORY    SINUSES    OF    THE    NOSE. 

The  Frontal  Sinuses  are  situated  immediately  above  the  root  of  the  nose,  and  are  separated 
from  each  other  by  a  thin  bony  septum.  Each  sinus,  when  well  developed,  consists  of  two  parts, 
frontal  and  orbital.  The  frontal  part  is  situated  between  the  two  tables  of  the  vertical  plate  of  the 
frontal  bone,  the  diploic  tissue  having  become  absorbed  ;  the  orbital  part  is  situated  between  the 
two  lamina;  of  the  orbital  plate.  The  anterior  wall  of  the  frontal  portion  of  the  sinus  consists  of 
the  inner  part  of  the  supra-orbital  margin,  the  supraciliary  ridge,  and  the  surface  above  this  for  a 
variable  extent.  The  upper  limit  of  the  sinus  is  subject  to  considerable  variability,  and  the  same 
remark  applies  to  its  limit  in  an  outward  direction.  The  posterior  wall  of  the  frontal  portion  of 
the  sinus  is  convex  forwards,  it  is  very  thin  as  a  rule,  and  is  related  behind  to  the  frontal  lobe  of 
the  brain  with  its  investing  membranes  and  curves  backwards  below,  so  as  to  form  the  roof  of  the 
orbital  portion  of  the  sinus.  The  floor  of  the  sinus,  which  is  convex  towards  the  cavity,  is  formed 


THE  ACCESSORY  SINUSES  OF  THE  NOSE         153 

by  the  orbital  plate  of  the  frontal  bone,  which  at  this  level  is  divided  into  two  laminae  ;  the  lower 
of  these  forms  the  anterior  and  inner  part  of  the  orbital  roof,  the  upper  helps  to  form  part  of  the 
floor  of  the  anterior  cranial  fossa.  The  extent  of  the  orbital  portion  of  the  sinus  in  a  backward 
direction  varies  ;  it  may,  in  exceptional  cases,  reach  almost  to  the  optic  foramen.  By  its  inner 
and  back  part  the  floor  of  the  sinus  is  closely  related  to  the  anterior  ethmoidal  cells,  and  one  of 
these  is  sometimes  seen  to  protrude  dome-like  into  the  sinus  cavity  (bulla  frontalis).  The 
opening  which  leads  from  the  sinus  to  the  nose  leaves  it  at  its  most  dependent  part,  close  to 
the  middle  line,  and  at  a  variable  distance  behind  the  anterior  wall  of  the  sinus  ;  it  may  be  merely 
a  thin  slit  or  have  a  round  lumen  of  fully  a  quarter  of  an  inch  in  diameter.  The  septum  which 
separates  the  two  sinuses  is  very  thin,  and  frequently  deviates  from  the  middle  line.  The  sinus 
walls  are  not  uniformly  smooth  as  a  rule,  but  are  frequently  interrupted  by  inwardly  projecting 
ridges,  which  subdivide  the  general  cavity  into  a  series  of  minor  compartments  or  recesses. 

The  average  dimensions  of  the  frontal  sinus  in  the  adult  are — height,  one  and  a  quarter 
inches  ;  breadth,  one  inch  ;  depth,  three-quarters  of  an  inch  (Logan  Turner).  The  prominence  of 
the  supraciliary  ridges  is  not  by  any  means  a  true  criterion  of  the  capacity  of  the  sinuses.  The 
mucous  membrane  which  lines  their  interior  is  very  thin,  it  possesses  some  mucous  glands  and  is 
covered  by  a  columnar  ciliated  epithelium. 

From  their  exposed  position  at  the  anterior  part  of  the  forehead,  the 
frontal  sinuses  are  greatly  exposed  to  injury,  and  fracture  of  the  anterior 
wall  of  one  or  other  is  not  uncommon.  With  the  fracture  there  is  some- 
times a  considerable  degree  of  depression,  but  even  when  this  is  the  case 
it  does  not  follow  that  the  cranial  cavity  is  involved,  as  the  depressed 
bone  merely  encroaches  upon  the  cavity  of  the  sinus.  The  mucous 
membrane  is  usually  torn  in  these  injuries,  and  this  explains  how  em- 
physema subsequently  makes  its  appearance  at  the  root  of  the  nose  and 
in  the  region  surrounding  the  fracture.  It  is  not  always  possible  to  tell 
which  sinus  is  implicated,  seeing  that  their  development  is  often  very  un- 
equal, one  sinus  being  very  capacious  and  crossing  the  middle  line  for  a 
considerable  extent,  the  other  perhaps  exceeding  little,  if  at  all,  the 
supra-orbital  region  on  its  own  side.  The  septum  between  the  two 
sinuses  is  very  oblique  in  such  cases ;  it  may  in  fact  lie  almost  parallel 
to  the  supra-orbital  margin  on  the  side  of  the  smaller  sinus. 

Inflammation  of  the  lining  membrane  of  the  frontal  sinus  is  some- 
times secondary  to  inflammation  within  the  nose  (rhinitis),  or  it  may  be 
secondary  to  an  open  wound. "  The  dependent  situation  of  the  opening 
which  leads  into  the  fronto-nasal  passage  favours  drainage  in  the  event 
of  suppuration,  and  in  this  respect  the  frontal  sinus  contrasts  with  the 
other  accessory  sinuses,  in  which  the  orifices  of  communication  with 
the  nose  are  placed  above  the  level  of  the  sinus  floor.  Owing  to  the  fact 
that  in  a  large  proportion  of  cases  a  purulent  discharge  from  the  frontal 
sinus  finds  its  way  along  the  infundibulum,  and  that  it  collects  within 
this  deep  groove  before  overflowing  into  the  meatus,  it  follows  that 
the  other  sinuses  which  open  into  the  infundibulum,  viz.,  the  anterior 
ethmoidal  and  the  maxillary,  are  exceedingly  liable  to  participate  in 
the  infective  process.  These  sinuses,  which  open  into  the  same  passage 
within  the  middle  meatus,  are  sometimes  referred  to  as  the  anterior  group 
of  accessory  sinuses,  to  distinguish  them  from  \\\&  posterior  group,  viz.,  the 
posterior  ethmoidal  and  the  sphenoidal,  which  open  more  posteriorly, 
above  the  middle  turbinated  bone,  and  which  also  differ  from  the 
anterior  group  in  certain  important  clinical  phenomena  connected  with 
their  diseased  state. 

The  proximity  of  the  frontal  sinus  to  the  brain  and  orbital  cavity 
accounts  for  certain  complications  which  are  occasionally  observed  in  the 
course  of  suppurative  inflammation  involving  its  interior ;  thus  caries  of 
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the  posterior  wall  of  the  sinus  may  be  succeeded  by  meningitis,  and  even 
abscess  of  the  brain.  Bulging  of  the  sinus  at  the  anterior  and  inner 
part  of  the  orbital  roof  may  be  of  such  a  degree  as  to  compress  the 
orbital  contents,  causing  the  eyeball  to  deviate  downwards  and  outwards, 
and  with  this  displacement  there  will  of  necessity  be  double  vision  of 
an  annoying  character.  Should  perforation  of  the  bone  supervene,  a 
cellulitis  will  probably  develop  within  the  orbital  cavity. 

The  passing  of  a  probe  or  catheter  along  the  fronto-nasal  passage  is, 
as  might  be  expected,  a  difficult,  if  not  in  many  cases  an  impossible 
procedure,  owing  to  the  manner  in  which  the  opening  of  the  passage 
is  concealed  by  the  anterior  extremity  of  the  middle  turbinated  bone, 
by  the  anterior  extremity  of  the  uncinate  process  which  bounds  the 
hiatus  semilunaris  internally,  and  by  the  ethmoidal  bulla.  The  passage, 
too,  is  sometimes  compressed  and  rendered  tortuous  by  the  anterior 
ethmoidal  cells  which  lie  on  its  posterior  and  outer  aspect.  When 
attempts  are  made  to  treat  frontal  suppuration  from  the  nasal  cavity,  it 
is  usual  to  remove  the  anterior  extremity  of  the  middle  turbinated 
bone,  and  perhaps  to  open  up  some  of  the  anterior  ethmoidal  cells  at 
the  same  time,  as  they  frequently  participate  in  the  diseased  process ; 
their  removal  ensures  greater  freedom  for  the  drainage  of  the  frontal 
sinus,  and  may  render  intranasal  irrigation  of  the  latter  possible. 

When  it  is  decided  to  open  the  sinus  from  the  front,  as  is  sometimes 
necessary  in  chronic  cases,  an  incision  is  made  along  the  line  of  the 
eyebrow,  from  its  inner  extremity  to  the  level  of  the  supra-orbital 
notch — the  supra-orbital  vessels  and  nerve  are  sometimes  sacrificed  in 
this  incision.  The  bone  having  been  exposed,  an  opening  of  limited 
extent  is  made  into  the  sinus  at  the  inner  part  of  the  supra-orbital 
margin,  and  vertically  above  the  inner  canthus  (fig.  42).  If  a  frontal 
sinus  of  very  small  dimensions  is  present,  an  opening  at  this  level  will 
not  fail  to  reach  it. 

In  order  to  bring  about  obliteration  of  the  cavity  in  certain  cases  of 
prolonged  frontal  sinus  suppuration,  and  provided  the  cavity  is  not  very 
large,  a  device  sometimes  employed  is  to  remove  the  entire  anterior 
wall  of  the  sinus  and  part  of  its  floor  so  as  to  allow  the  overlying 
soft  tissues  to  come  into  contact  with  the  posterior  sinus  wall,  and 
obliterate  the  cavity.  This  procedure,  however,  has  the  disadvantage  of 
being  followed  by  a  certain  amount  of  deformity.  When  the  sinus  is  very 
capacious  this  method  is  not  available,  and  the  only  alternative  left  is  to 
freely  enlarge  the  fronto-nasal  passage  at  the  expense  of  the  adjoining 
ethmoidal  cells  on  its  posterior  and  outer  aspect,  and  establish  free 
drainage  into  the  nose,  the  frontal  wound  being  subsequently  closed. 

One  of  the  anatomical  conditions  which  tends  to  prolong  suppuration 
in  the  frontal  sinus  is  undoubtedly  the  presence  of  recesses  in  its  interior, 
which  already  have  been  alluded  to,  and  consequently  in  every  case 
when  the  sinus  is  opened  its  interior  should  be  carefully  examined,  so 
that  none  of  these  may  be  overlooked.  It  must  not  be  forgotten  that 
the  upper  extremity  of  the  fronto-nasal  passage  sometimes  lies  at  a 
considerable  distance  behind  the  anterior  wall  of  the  sinus,  and  that  it 
is  always  close  to  the  middle  line. 

The  Ethmoidal  Cells  occupy  the  lateral  mass  of  the  ethmoid  bone,  and  are  to  some  extent 
completed  by  the  bones  with  which  the  latter  articulates.  They  are  usually  divided  into  two 
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groups,  anterior  and  posterior.  The  anterior  ethmoidal  cells  communicate  with  the  middle  meatus, 
the  posterior  with  the  superior  meatus,  the  respective  openings  being  separated  by  the  attach- 
ment of  the  middle  turbinated  bone,  a  fact  of  considerable  clinical  importance.  The  individual 
cells  are  very  irregular  both  in  number  and  in  size,  and  there  is  no  regularity  in  the  relative 
space  occupied  by  each  group.  The  lamina  of  bone  by  which  they  are  separated  is  set  diagonally 
between  the  outer  and  inner  walls  of  the  lateral  mass  (Turner),  and  as  a  rule  they  do  not  com- 
municate. Externally  the  ethmoidal  cells  are  related  to  the  inner  wall  of  the  orbit  and  are  shut 
off  from  its  cavity  by  the  os  planum,  and  in  front  of  this  they  are  closed  in  by  the  lachrymal  and 
by  the  nasal  process  of  the  superior  maxillary  bone. 

The  anterior  or  fronto-ethmoidal  cells  have,  as  already  mentioned,  a  close  relationship  with 
the  fronto-nasal  passage  and  the  floor  of  the  frontal  sinus.  Internally  the  lateral  mass  of  the 
ethmoid  is  related  to  the  outer  wall  of  the  nose,  and  presents  for  examination  the  superior  and 
middle  turbinated  bones  and  a  rounded  projection  beneath  the  latter — the  bulla  ethmoidalis. 

One  or  more  cells  are  sometimes  present  in  the  anterior  extremity  of  the  middle  turbinated 
bone — concha  bullosa  of  Zuckerkandl.  The  ethmoidal  cells  are  closed  below  by  the  inner  portion 
of  the  orbital  plate  of  the  superior  maxilla,  and  behind  by  the  sphenoidal  spongy  bone.  One  of 
the  posterior  cells  occasionally  extends  backwards  between  the  sphenoidal  sinus  and  the  base  of 
the  skull,  and  may  encroach  upon  the  former  to  a  very  considerable  extent.  The  cells  are 
completed  above  by  a  number  of  depressions  on  the  inner  part  of  the  orbital  plate  of  the  frontal 
bone.  Some  of  the  upper  cells  occasionally  extend  outwards  for  a  short  distance  into  the  orbital 
roof  behind  the  frontal  sinus. 

Inflammation  of  the  Ethmoidal  Cells. — The  ethmoidal  cells  are 
sometimes  the  seat  of  inflammatory  trouble,  in  conjunction,  it  may  be, 
with  the  frontal  and  maxillary  sinuses,  or  independently  of  these.  A 
feature  of  ethmoidal  inflammation  is  the  frequency  with  which  it  is  asso- 
ciated with  intranasal  polypi  of  the  soft  or  myxomatous  type.  These  have 
been  referred  to  on  a  previous  occasion,  and  their  presence  is  always 
suggestive  of  disease  of  the  subjacent  bone — middle  turbinal,  uncinate 
process,  and  infundibulum.  The  inflammatory  changes  sometimes  extend 
beyond  the  limits  of  the  ethmoid  cells,  outwards  to  the  orbit,  or  upwards 
to  the  cranial  cavity,  and  the  extension  in  either  case  may  be  direct  or  by 
the  medium  of  venous  channels.  In  the  child  the  foramen  caecum  transmits 
a  small  vein  from  the  mucous  membrane  of  the  nose  to  the  superior 
longitudinal  sinus,  and  the  ethmoidal  veins  may  convey  infection,  either 
intracranially  or  into  the  orbital  cavity  by  the  ophthalmic  veins,  and 
backwards  along  these  to  the  davernous  sinus.  Direct  extension  to  the 
orbital  cavity  will  probably  be  succeeded  by  an  intra-orbital  cellulitis. 

Disease  in  the  anterior  ethmoidal  cells  is  sometimes  accountable  for 
dacryo-cystitis,  or  inflammation  within  the  lachrymal  sac ;  this  is  readily 
understood,  considering  the  close  relationship  which  exists  between  these 
cells  and  the  lachrymal  bone. 

The  ethmoid  labyrinth  is  difficult  of  access  by  way  of  the  anterior 
nares,  and  consequently  the  difficulty  of  treating  disease  of  this  part  is 
considerable.  In  aggravated  cases  it  is  sometimes  necessary  to  remove 
the  lateral  mass  of  the  ethmoid  in  a  more  or  less  extensive  manner,  the 
operation  being  usually  carried  out  by  the  aid  of  a  ring  knife  introduced 
through  the  anterior  nares.  While  this  is  being  done  a  finger  in  the 
choana  helps  to  engage  the  posterior  extremity  of  the  middle  turbinal  in 
the  ring  of  the  instrument,  and  by  drawing  the  latter  forcibly  forwards 
the  bone  is  removed.  This  is  succeeded  by  the  free  curetting  of  the 
labyrinth,  which  will  probably  be  found  in  a  soft  and  friable  condition, 
the  result  of  long  continued  inflammatory  changes.  Too  free  use  of  the 
curette  is  to  be  avoided,  as  it  may  lead  to  perforation  of  the  inner  wall  of 
the  orbit  and  extravasation  of  blood,  or  the  spread  of  septic  infection 
throughout  the  retro-ocular  cellular  tissue. 
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Mention  has  been  made  already  of  the  occasional  presence  of  one 
or  more  small  cells  in  the  anterior  extremity  of  the  middle  turbinal. 
In  cases  of  nasal  catarrh,  one  or  other  of  these  may  be  obstructed  and 
transformed  into  a  cyst  (mucocele\  which  has  been  known  to  attain  such 
dimensions  as  to  obstruct  the  nasal  fossa. 

The  Maxillary  Sinus  {Antrum  of  Highmore). — An  account  of  this 
sinus  is  given  with  the  general  anatomy  of  the  upper  jaw  (p.  85).  It  is 
more  frequently  the  seat  of  suppurative  inflammation  than  any  of  the 
remaining  accessory  sinuses  of  the  nose.  Infection  not  uncommonly 
reaches  it  from  the  nose,  and  one  of  the  ways  in  which  this  is  apt  to 
occur  has  been  mentioned  in  connection  with  frontal  sinus  suppuration 
where  the  purulent  discharge  finds  its  way  into  the  infundibulum  and 
infects  the  antrum  secondarily.  Carious  molar  teeth  are  frequent 
sources  of  antral  suppuration  ;  the  fangs  of  the  first  and  second  upper 
molars  especially  project  towards  the  sinus  floor,  and  infection  may 
therefore  readily  reach  the  antrum  when  caries  attacks  the  alveoli  in 
which  these  teeth  are  contained. 

When  pus  collects  within  the  sinus  it  drains  away  in  a  very  imperfect 
manner  owing  to  the  position  of  the  normal  opening  high  up  on  its  inner 
or  basal  wall  (fig.  28),  and  this  is  the  main  cause  of  the  chronicity  of  such 
cases ;  but  there  can  be  little  doubt  that  the  ridges  which  project  into 
the  interior  of  the  sinus,  and  which  include  between  them  a  number  of 
recesses,  are  responsible  also  for  it  in  a  minor  degree.  Occasionally,  as 
the  result  of  narrowing  or  blocking  of  the  ostium  of  the  sinus,  its  walls 
expand,  and  with  this  there  may  be  severe  neuralgia,  referred  to  the 
territory  supplied  by  the  infra-orbital  nerve.  Such  an  abscess  collection 
is  liable  to  perforate  the  bone  and  perhaps  invade  the  orbit  or  ethmoidal 
cells,  or  make  its  way  forwards  to  the  face  ;  its  evacuation  here,  however, 
is  liable  to  be  followed  by  a  fistulous  opening. 

An  abscess  within  the  sinus  is  capable  of  being  reached  by  three 
different  routes  :  (i)  through  the  alveoli  of  the  first  or  second  molar 
tooth  ;  (2)  from  the  inferior  meatus,  through  a  perforation  in  the  antro- 
meatal  septum  ;  or  (3)  through  the  anterior  wall  of  the  sinus  at  the  level 
of  the  canine  fossa  (fig.  42). 

Simple  puncture  and  drainage  of  the  antrum  for  abscess  is  usually 
effected  by  the  alveolar  route,  as  an  opening  in  this  situation  corresponds 
to  the  most  dependent  part  of  the  cavity,  and  is  therefore  particularly 
well  adapted  for  drainage.  The  tooth — first  or  second  molar — having 
been  extracted,  a  perforator  is  inserted  into  the  innermost  alveolus,  and 
directed  upwards  and  with  a  slight  inclination  inwards  into  the  sinus.  If 
it  be  decided  to  open  the  latter  by  the  nasal  route,  a  large  curved  trochar 
and  cannula  is  introduced  into  the  nose,  and  having  reached  a  point  about 
half  an  inch  behind  the  anterior  extremity  of  the  inferior  turbinated  bone, 
it  is  made  to  perforate  the  antro-meatal  septum,  the  point  of  the  instru- 
ment being  directed  slightly  upwards  as  well  as  outwards,  so  as  to  avoid 
the  thickened  ridge  of  bone  at  the  junction  of  the  inner  wall  of  the  sinus 
with  the  floor  of  the  nose.  Removal  of  the  anterior  extremity  of  the  in- 
ferior turbinated  bone  is  sometimes  performed  as  a  preliminary  procedure, 
as  it  affords  more  room  and  greatly  facilitates  the  subsequent  steps  of  the 
operation.  To  reach  the  sinus  through  the  canine  fossa,  the  upper  lip  is 
fully  everted,  the  angle  of  the  mouth  drawn  backwards,  and  an  incision 
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made  down  to  the  bone  along  the  line  of  reflexion  of  the  mucous  mem- 
brane from  the  gums  to  the  cheek,  between  the  ridge  for  the  canine  tooth 
and  the  malar  process  of  the  maxilla  (fig.  42).  In  detaching  the  tissues 
from  the  bone,  care  is  taken  not  to  wound  the  infra-orbital  nerve 
where  it  emerges  from  the  foramen.  When  the  canine  fossa  is  exposed, 
the  bone,  at  its  centre,  viz.,  midway  between  the  alveoli  for  the  teeth  and 
the  infra-orbital  foramen,  is  cut  away  or  removed  with  a  trephine  and  the 
sinus  opened.  This  method  is  useful  when  alveolar  or  nasal  drainage 
fails,  and  especially  when  polypoid  masses  or  carious  bone  is  present 
within  the  sinus.  The  opening  had  better  be  enlarged  sufficiently  to 
admit  the  finger  for  the  purpose  of  exploration,  and  to  permit  of  the 
walls  of  the  sinus  being  inspected  by  the  aid  of  good  illumination.  In 
consideration  of  the  fact  that  in  a  certain  proportion  of  cases  a  cure  of 
chronic  suppuration  within  the  antrum  can  only  be  obtained  by 
permanent  drainage  of  the  cavity,  it  has  been  recommended  that  a  large 
opening  be  made  between  the  sinus  and  the  inferior  meatus  of  the  nose 
by  snipping  away  the  antro-meatal  septum  through  the  opening  already 
made  in  the  anterior  or  facial  wall  of  the  sinus  (Lack).  This  would 
appear  to  be  a  better  method  for  securing  permanent  drainage  than  is  to 
be  obtained  through  an  aperture  leading  from  the  sinus  into  the  mouth. 

The  Sphenoidal  Sinuses  occupy  the  interior  of  the  body  of  the  sphenoid  bone  and  are 
separated  by  a  vertical  median  partition,  but  this  frequently  deviates  to  one  or  other  side.  The  two 
sinuses  vary  a  good  deal  in  size  ;  they  may  occupy  a  part  only  of  the  body  of  the  sphenoid,  or  may 
be  so  large  as  to  extend  backwards  to  the  basi-occipital  bone  and  into  the  commencement  of  the 
greater  and  lesser  wings  of  the  sphenoid  on  each  side.  When  expanded  in  this  way  their  walls  are 
usually  very  thin.  The  roof  of  each  sinus  is  formed  by  the  olivary  process,  the  sella  turcica,  and 
behind  this  sometimes  by  the  dorsum  sellse  of  the  sphenoid.  The  portions  of  the  brain  resting  on 
these  parts  are,  the  olfactory  peduncle,  the  optic  chiasma,  the  pituitary  body,  and  the  pons  Varolii. 
The  outer  wall  of  the  sinus  is  related  to  the  internal  carotid  artery,  the  cavernous  sinus,  the  inner 
extremity  of  the  sphenoidal  fissure,  and  the  nerves  which  traverse  it.  Above  and  to  the  outer  side, 
the  optic  nerve  and  the  ophthalmic  artery,  as  they  lie  within  their  bony  canal,  are  separated  from 
the  sinus  by  a  very  thin  partition.  The  lower  wall  or  floor  of  the  sinus  is  related  to  the  roof  of  the 
nose.  The  anterior  wall  which  is  formed  by  the  sphenoidal  spongy  bone  is  very  thin  ;  it  slopes 
downwards  and  backwards  to  meet  the  floor,  and  contains  near  its  upper  part  the  opening  which 
brings  the  sinus  into  communication  with  the  recess  (spheno-ethmoidal}  on  the  upper  and  posterior 
part  of  the  outer  wall  of  the  nasal  fossa  (fig.  44).  By  its  outer  part  the  anterior  wall  of  the  sinus 
articulates  with  the  lateral  mass  of  the  ethmoid  and  helps  to  complete  the  posterior  ethmoidal 
cells,  one  of  which  occasionally  attains  a  considerable  size,  and  extends  backwards  between  the 
sphenoidal  sinus  and  the  base  of  the  skull. 

The  numerous  relationships  of  the  sphenoidal  sinus  which  have  just 
been  enumerated  make  it  evident  that  septic  processes  in  this  region 
may  be  succeeded  by  grave  intracranial  complications.  Implication  of 
the  optic  nerve  is  likely  to  be  followed  by  neuritis  and  gradual  blindness. 
The  veins  too  leading  from  the  sinus  are  in  danger  of  becoming 
thrombosed  and  conveying  the  infective  process  to  the  cavernous  sinus. 
Should  the  nerves  which  traverse  the  sphenoidal  fissure  be  involved,  a 
general  ophthalmoplegia  will  necessarily  supervene. 

That  very  extensive  disease  of  the  sphenoid  may  exist  without 
causing  serious  intracranial  symptoms  is  proved  by  the  extraordinary 
case  recorded  by  Erichsen,  in  which  he  removed  the  "whole  of  the  body 
of  the  sphenoid  as  a  sequestrum  through  the  mouth.  The  patient 
suffered  from  extensive  syphilitic  disease  of  the  bones  of  the  nose  and 
upper  jaw ;  the  sequestrum  included  the  sella  turcica  and  the  roots  of 
the  pterygoid  processes. 
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The  anterior  wall  of  the  sphenoidal  sinus  is  accessible  to  the  index 
finger  introduced  through  the  posterior  nares,  and  the  presence  of  caries  on 
its  anterior  aspect  may  possibly  be  detected  in  this  way.  Inspection 
of  the  ostium  of  the  sinus  is  impossible  from  the  anterior  nares  under 
normal  conditions,  owing  to  the  narrowness  of  the  olfactory  cleft,  viz., 
the  interval  between  the  middle  turbinal  and  the  septum  nasi.  It  may 
be  brought  into  view,  however,  by  removing  the  middle  turbinal  in  the 
whole  or  in  part  of  its  extent,  and  a  probe  may  then  possibly  be  passed 
from  before  backwards  into  the  sinus,  aided  by  good  illumination.  As 
the  position  of  the  ostium  of  the  sinus  is  so  unfavourable  for  drainage,  it 
has  been  recommended  to  remove  the  anterior  wall  for  some  distance 
below  this.  Should  it  be  necessary  to  employ  a  curette  for  the  purpose 
of  removing  polypoid  masses,  etc.,  it  should  be  manipulated  with  the 
greatest  gentleness,  bearing  in  mind  the  great  thinness  of  the  walls  of  the 
sinus  and  the  important  structures  to  which  they  are  immediately  related. 


THE  MOUTH. 

The  cavity  of  the  mouth  is  usually  described  as  consisting  of  two 
parts,  the  vestibule  and  the  cavity  of  the  mouth  proper,  the  boundary 
between  which  is  represented  by  the  teeth  and  alveolar  arches,  and  only 
exists  as  such  when  the  jaws  are  in  apposition. 

The  Vestibule  communicates  with  the  exterior  of  the  face  through 
the  oral  aperture,  which  forms  a  slit — rima  oris — situated  opposite  the 
middle  of  the  upper  teeth  when  the  lips  are  closed.  The  angles  of  the 
mouth  or  the  commissures  of  the  lips  are  situated  at  the  level  of  the 
first  bicuspid  teeth.  When  the  mouth  is  closed,  the  vestibule  is  reduced 
to  a  mere  slit  with  a  horseshoe  outline,  bounded  in  front  by  the  oral 
aperture,  lips  and  cheeks,  internally  by  the  teeth  and  the  gums,  above  and 
below  by  the  reflexions  of  mucous  membrane,  behind  by  the  anterior 
border  of  the  vertical  ramus  and  coronoid  process  of  the  lower  jaw,  and 
to  the  inner  side  of  this  by  the  pterygo-maxillary  ligament  which 
stretches  between  the  hamular  process  of  the  sphenoid  bone  and  the 
posterior  part  of  the  mylo-hyoid  ridge  of  the  lower  jaw. 

The  mucous  membrane  which  lines  the  lips  and  cheeks  rests  upon 
a  stratum  of  loose  connective  tissue,  and  can  be  dissected  off  without 
difficulty,  a  procedure  which  is  sometimes  necessary  for  the  correction  of 
deformities  of  the  lips  or  cheeks  following  the  contraction  of  cicatrices. 
Beneath  the  mucous  membrane  also  there  exists  in  these  parts  a 
considerable  number  of  mucous  glands;  they  are  especially  numerous, 
however,  in  the  lips.  The  mucous  membrane  which  covers  the  gums  is 
thin  and  very  adherent,  but  at  the  upper  and  lower  fornices  its  connection 
with  the  deeper  parts  is  much  less  intimate.  This  is  a  point  of  some 
importance  in  connection  with  certain  operations  performed  from  within 
the  vestibule,  viz.,  trephining  the  maxillary  sinus  and  neurotomy  of  the 
mental  branch  of  the  inferior  dental  nerve.  The  infra-orbital  nerve  has 
also  been  approached  from  this  site,  and  divided  at  its  exit  from  the 
infra-orbital  canal.  The  mucous  membrane  of  the  cheek  is  pierced  by 
Stenson's  duct  at  the  level  of  the  second  upper  molar  tooth.  The 


THE  MOUTH 


159 


orifice  of  the  duct  is  easily  recognised  by  everting  the  cheek,  and  if  it 
be  desired,  a  bristle  or  fine  probe  may  be  passed  along  it.  In  carrying 
out  this  simple  procedure  it  is  well  to  bear  in  mind  that  the  buccal  and 
masseteric  stages  of  the  duct  meet  almost  at  a  right  angle,  and  therefore, 
in  passing  the  probe,  the  cheek  had  better  be  fully  everted  so  as  to 
straighten  the  curve.  The  presence  of  a  calculus  in  the  duct  can  be 
ascertained  by  this  manoeuvre.  When  the  jaws  are  tightly  closed,  and 
provided  the  dental  arches  are  intact,  the  only  available  communication 
between  the  vestibule  and  the  cavity  of  the  mouth  is  situated  behind  the 


Lingual  Artery. 


Alveolo-lingual  Sulcus.  __ 


Mylo-hyoid  Muscle. 


^, Buccinator  Muscle 
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Genio-hyoid  Muscle. 
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FIG.  46. — Coronal  section  through  the  mouth  and  submaxillary  region,  drawn  from  a  mounted 
specimen  in  the  Anatomical  Department,  Trinity  College,  Dublin.  The  boundaries  of  the 
oral  and  buccal  cavities  are  distinctly  shown  ;  they  are  separated  in  the  section  by  the  molar 
teeth.  Note  the  cut  surface  of  the  tongue,  with  its  median  raphe  most  distinct  below,  also 
the  central  core  of  muscle,  directed  for  the  most  part  vertically.  The  two  lingual  arteries 
are  observed  lying  upon  the  genio-glossi  muscles  not  far  from  the  middle  line.  Note  the 
mylo-hyoid  muscles  extending  across  between  the  horizontal  rami  of  the  lower  jaw,  forming 
a  diaphragm  between  the  floor  of  the  mouth  above  and  the  submaxillary  region  below. 
Observe  the  section  of  the  palate  and  the  position  of  the  palatine  vessels. 

last  molar  teeth,  and  it  is  through  this  narrow  interval  that  a  tube  has 
to  be  passed  occasionally  for  the  purpose  of  administering  nourishment 
in  cases  of  fracture  of  the  lower  jaw  or  of  trismus.  With  the  latter,  the 
attempt  to  introduce  the  tube  may  be  greatly  hampered  by  the  rigidly 
contracted  masseter  muscle.  This  fact  can  be  readily  appreciated  by 
introducing  the  index  finger  into  the  vestibule  and  feeling  the  muscle 
contract  when  the  jaws  are  tightly  clenched.  A  much  better  procedure 
in  such  cases  is  to  introduce  the  feeding  tube  through  the  nose. 

The  Buccal  Cavity  is  bounded  above  by  the  palate,  below  by  the 
tongue  and  the  floor  of  the  mouth,  in  front  and  on  each  side  by  the  teeth 
and  the  gums,  and,  behind,  it  communicates  with  the  cavity  of  the 
pharynx  through  the  isthmus  of  the  fauces. 


TOO  APPLIED  ANATOMY 


THE  TONGUE. 

The  tongue  is  in  the  main  a  muscular  organ,  which  fills  the  entire 
buccal  cavity  when  the  mouth  is  closed.  It  discharges  several  important 
functions.  By  its  remarkable  mobility  and  the  power  which  it  possesses 
of  changing  its  shape,  it  assists  in  the  prehension  and  mastication  of 
food,  and  it  facilitates  the  act  of  deglutition  by  guiding  the  bolus  back- 
wards through  the  faucial  isthmus  into  the  grasp  of  the  constrictor 
muscles  of  the  pharynx.  Furthermore,  in  addition  to  being  very 
abundantly  supplied  with  nerves  of  ordinary  sensibility,  it  is  provided 
with  a  highly  organised  sensory  apparatus  in  the  form  of  the  terminal 
end  organs  of  the  nerves  of  taste.  These  have  their  peripheral  con- 
nections with  the  epithelial  cells  which  cover  the  papillae,  but  especially 
with  those  which  are  grouped  together  to  form  the  taste  buds.  In 
addition  to  the  functions  just  mentioned,  the  tongue  is  largely  concerned 
in  the  execution  of  those  delicate  and  highly  co-ordinated  movements 
which  are  required  for  the  production  of  articulate  speech.  No  greater 
proof  of  the  highly  important  role  which,  under  normal  conditions,  is 
discharged  by  the  tongue  can  be  offered  than  that  which  is  afforded  by 
those  cases,  occasionally,  observed  in  which  the  organ  has  been  removed 
for  malignant  disease.  The  difficulty  in  mastication,  swallowing,  and 
articulation  is  great,  and  the  attempts  made  to  overcome  it  are  altogether 
distressing  to  witness. 

The  Tongue  consists  of  a  central  main  portion  or  body,  of  n  lower  fixed  part  or  root  and 
•of  an  anterior  free  extremity  called  the  tip.  Its  dorsal  surface,  borders,  anterior  extremity,  and 
the  anterior  third  of  its  lower  surface  are  free  ;  the  posterior  two-thirds  of  its  lower  surface  and  its 
posterior  extremity  are  attached.  As  it  lies  within  the  mouth  its  dorsal  surface  presents  a  well 
marked  curve  and  is  readily  divisible  into  two  parts  :  an  anterior  which  is  inclined  forwards  and 
slightly  downwards,  occupying  the  curve  of  the  lower  jaw,  and  a  posterior  part,  which  is  directed 
almost  vertically  downwards,  facing  the  posterior  wall  of  the  pharynx  and  the  epiglottis  (fig.  53). 
When  the  tongue  is  thrust  forwards  the  hyoid  bone  is  simultaneously  raised,  the  long  axis  of 
the  former  is  at  the  same  time  greatly  increased  and  its  dorsal  curvature  almost  effaced. 

The  Hyoid  Bone  or  os  linguae  affords  a  basis  of  attachment  for  the  tongue,  the  two  being 
connected  by  a  mass  of  fibrous  tissue  known  as  the  hyo-glossal  ligament,  which  is  continued  for- 
wards into  the  tongue  as  an  indistinct  median  septum,  and  by  certain  muscles,  viz.,  the  hyo- 
glossus  and  genio-hyo-glossus  on  each  side. 

The  Mucous  Membrane  which  covers  the  dorsal  aspect  of  the  tongue  differs  in  many 
important  particulars  from  that  which  invests  its  under  free  surface.  Over  its  anterior  two-thirds 
the  dorsal  surface  has  a  velvety  appearance — best  seen  when  the  tongue  is  wiped  dry — due  to 
the  presence  of  the  so-called  filiform  and  fungiform  papillae.  The  latter  are  much  less  numerous 
than  the  former,  but  owing  to  the  larger  size  of  their  free  extremities  and  their  thinner  covering 
•of  epithelium  they  are  easily  recognised  as  a  number  of  small  red  dots  scattered  over  the  surface, 
and  especially  near  the  edges  and  tip  of  the  tongue.  A  median  raphe  may  be  traced  backwards 
along  the  dorsum,  but  will  be  found  to  terminate  abruptly  in  front  of  a  small  median  depression, 
the  foramen  ctzcum.  The  posterior  third  of  the  dorsal  surface  of  the  tongue  is  smooth,  but  at  the 
same  time  its  surface  is  distinctly  nodular,  from  the  presence  of  extensive  collections  of  glands 
and  adenoid  tissue  (lingual  tonsil)  beneath  the  surface.  The  junction  of  the  tongue  with  the 
epiglottis  is  marked  by  three  reduplications  of  the  mucous  membrane,  called  the  glosso- 
epiglottidean  folds. 

Between  the  anterior  villous  region  of  the  tongue  and  the  posterior  area  just  described, 
certain  papillae  are  found  which  have  important  connections  with  the  nerves  of  taste.  They  are 
known  as  the  circumvallate  papilla,  and  are  arranged  on  each  side  in  a  single  row,  which  com- 
mences immediately  in  front  of  the  foramen  caecum  and  extends  forwards  and  outwards  to  the 
margin  of  the  tongue ;  the  two  rows  taken  together  present  a  V-shaped  outline.  This  region  also 
represents  the  level  at  which  the  two  portions  of  the  tongue,  originally  separate,  come  together 
and  fuse  with  each  other.  The  anterior  or  buccal  part  of  the  tongue  arises  from  the  ventral  aspect  of 
the  first  branchial  arch  and  the  first  meso-branchial  space  from  the  growth  of  a  tubercle — the  tuber- 
tulum  impar  of  His.  The  posterior  or  pharyn^eal  part  of  the  tongue  is  derived  from  the  ventral 
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extremities  of  the  second  and  third  branchial  arches.  The  V-shaped  groove  or  sulcus  terminalis 
between  the  primitive  segments  of  the  tongue  is  soon  obliterated ;  at  its  apex,  however,  an 
epithelial  diverticulum  grows  out  and  subsequently  becomes  developed  into  the  isthmus  of  the 
thyroid  gland.  The  foramen  caecum  is  to  be  regarded  as  the  permanent  vestige  of  the  site  at 
which  this  budding-off  process  took  place. 

Throughout  the  entire  dorsal  surface  of  the  tongue  the  mucous  membrane  is  very  adherent 
to  the  subjacent  muscular  tissue  ;  the  latter,  in  fact,  obtains  extensive  insertion  into  the  deep  aspect 
of  the  membrane.  On  the  under  surface  of  the  tongue,  however,  the  mucous  membrane  has  a 
comparatively  loose  attachment,  and  resembles  that  which  invests  the  floor  of  the  mouth.  Its  colour, 
too,  is  normally  of  a  pink  tint,  whereas  that  on  the  dorsum,  owing  to  the  density  of  its  epithelium, 
is  a  dull  grey.  Beneath  the  tongue  the  mucous  membrane  forms  a  median  projection  or  fold, 
known  as  thefranum  lingua,  on  each  side  of  which  the  ranine  veins  are  readily  recognised  by 
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FIG.  47. — Dissection  of  the  under  surface  of  the  tongue  and  floor  of  the  mouth.  The  cheek  has 
been  divided  by  an  incision  extending  backwards  from  the  angle  of  the  mouth,  the  tongue 
has  been  raised  and  the  mucous  membrane  removed  from  its  under  surface.  In  order  to 
prevent  confusion  it  should  be  noted  that  the  illustration  represents  a  three-quarter  side  view. 
The  lingual  nerve  is  seen  approaching  the  tip  of  the  tongue,  closely  accompanied  by  the 
lingual  vein.  Note  the  lingual  artery  as  it  ascends  to  the  deep  aspect  of  the  tongue  in 
front  of  the  hyo-glossus  muscle,  and  passing  forwards  between  the  genio-glossus  and  the 
lingualis  inferior  muscles.  The  sublingual  glands  and  Wharton's  ducts  leading  from  the 
submaxillary  glands  are  clearly  shown. 

their  blue  colour  when  the  tip  of  the  tongue  is  raised.  At  the  posterior  limit  of  the  free  border 
of  the  tongue  the  mucous  membrane  is  reflected  over  the  palato-glossus  muscle,  the  two  together 
constituting  the  anterior  palatine  arch  (fig.  47). 

The  glands  of  the  tongue  are  contained  almost  wholly  in  its  posterior  third.  In  front  of 
the  line  of  the  circumvallate  papillae  the  dorsal  aspect  is  quite  free  from  glands,  but  beneath 
the  tip  of  the  tongue  there  is  usually  found  a  small  collection  of  mucous  glands  on  each  side  of 
the  middle  line — Glands  of  Nuhn  (fig.  47). 

The  Muscles  of  the  Tongue  may  be  subdivided  into  two  groups  viz.,  (i)  Intrinsic  and  (2) 
Extrinsic.  The  former  are  contained  entirely  within  the  tongue  itself,  and  are  mainly  concerned 
in  altering  its  shape,  whereby  it  becomes  elongated,  narrowed  from  side  to  side  or  curved  in  different 
directions,  e.g.  downwards,  upwards,  transversely,  etc.  They  include  the  m.  lingualis  superior, 
inferior,  transversus,  and  verticalis.  The  extrinsic  muscles  reach  the  tongue  from  without,  and 
connect  it  with  certain  fixed  points  in  its  vicinity  ;  they  are  largely  concerned  in  moving  the 
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organ  en  masse  or  in  changing  its  position  and  relations  with  regard  to  other  organs  and  parts  ; 
they  include  the  hyo-glossus,  genio-hyo-glossus,  stylo-glossus,  and  palato-glossus  muscles. 

Within  the  tongue  the  various  muscles,  both  intrinsic  and  extrinsic,  are  arranged  in  three 
different  planes — longitudinal,  transverse,  and  vertical — and  their  general  arrangement  is  such  that 
the  longitudinal  fibres  for  the  most  part  form  a  cortical  layer,  whereas  the  greater  part  of  the 
central  core  of  the  tongue  consists  of  fibres  directed  vertically  and  transversely  (Merkel).  A 
third  or  Accessory  group  of  muscles  may  be  also  said  to  exist ;  they  do  not  enter,  however,  into 
the  formation  of  the  tongue,  and  are  not  attached  to  it.  They  move  the  tongue  through  the 
power  which  they  possess  in  altering  the  level  of  the  hyoid  bone,  and  they  act  either  in  conjunction 
with  the  extrinsic  muscles  or  facilitate  their  action  by  rendering  the  hyoid  bone  fixed  ;  thus  the 
stylo-hyoid  muscle  and  the  posterior  belly  of  the  digastric  help  the  stylo-glossus  in  drawing  the 
tongue  upwards  and  backwards  ;  the  anterior  belly  of  the  digastric  together  with  the  genio-hyoid 
and  mylo-hyoid  muscles  help  the  genio-hyo-glossus  in  raising  and  drawing  forward  the  hyoid 
bone  ;  these  muscles  consequently  play  an  auxiliary  part  in  the  protrusion  of  the  tongue. 

The  Connective  Tissue  between  the  muscles  of  the  tongue  is  small  in  amount,  and  is  most 
evident  at  the  base  of  the  organ,  where  there  is  associated  with  it  some  fatty  tissue.  The  hyo- 
glossal  ligament  already  mentioned  and  the  glosso-epiglottic  ligaments  are  to  be  included  with  it 

(fig.  S3)- 

Blood -Vessels. — The  blood  supply  of  the  tongue  is  almost  entirely  dependent  upon  the 
lingual  arteries,  seeing  that  the  anastomoses  which  they  effect  with  the  tonsillar  branch  of  the 
facial  and  the  ascending  pharyngeal  arteries  at  the  posterior  part  of  the  organ  are  comparatively 
insignificant.  The  anastomosis  between  the  two  lingual  arteries  on  the  under  aspect  of  the  tongue 
close  to  its  tip  is,  likewise,  by  no  means  free.  The  general  anatomy  of  the  lingual  artery  is  fully 
dealt  with  in  the  account  of  the  submaxillary  region  (p.  195) ;  it  enters  the  tongue  from  below  and 
reaches  its  deep  surface  at  a  point  situated  in  a  vertical  plane  carried  upwards  through  the 
lesser  cornu  of  the  hyoid  bone  (fig.  47).  Within  the  substance  of  the  tongue  the  artery  is  directed 
forwards  in  contact  with  the  outer  surface  of  the  genio-hyo-glossus  muscle,  and  consequently  the 
arteries  of  opposite  sides  are  not  far  apart,  the  genio-hyo-glossi  muscles  and  the  lingual  septum 
alone  intervening  (fig.  46).  The  relative  position  of  the  artery  in  its  second  and  third  stages 
is  best  understood  by  noting  the  parts  met  with  in  a  dissection  of  the  tongue  from  the  side, 
as  will  be  seen  by  a  reference  to  fig.  47.  These  include,  in  addition  to  the  mucous  membrane, 
the  anterior  fibres  of  the  stylo-glossus,  the  hyo-glossus,  and  the  lingualis  inferior  muscles. 

The  lingual  artery  is  accompanied  usually  by  two  small  venae  comites  ;  the  principal  lingual 
vein,  however,  associates  itself  with  the  hypoglossal  nerve  (fig.  47),  and  terminates  either  in  the 
common  facial  or  in  the  internal  jugular  vein. 

Nerves. — The  hypoglossal  is  the  motor  nerve  of  the  tongue  ;  it  supplies  both  the  intrinsic  and 
the  extrinsic  muscles,  with  the  exception  of  the  palato-glossus,  which  is  suplied  by  the  pharyngeal 
plexus.  The  lingual  nerve  is  distributed  to  the  anterior  two-thirds  of  the  tongue,  and  upon 
its  integrity  the  ordinary  sensibility  of  the  corresponding  area  of  the  mucous  membrane  depends. 
The  chorda  tympani  nerve,  which  runs  with  the  lingual,  is  the  special  nerve  of  taste  to  this  part 
of  the  tongue.  The  glosso-pharyngeal  nerve  supplies  the  mucous  membrane  covering  the  back  of 
the  tongue,  and  is  without  doubt  the  nerve  of  taste  to  this  region.  Its  fibres  may  be  traced  to 
the  circumvallate  papillae,  the  taste  buds  of  which  constitute  the  peripheral  end  organs  of  this 
nerve  ;  they  have  been  observed  to  undergo  degeneration  after  division  of  the  latter.  The 
internal  laryngeal  nerve  sends  a  few  sensory  filaments  to  the  mucous  membrane  of  the  tongue 
immediately  in  front  of  the  epiglottis. 

Lymphatics. — The  smaller  lymphatic  radicles  are  found  in  the  mucous  membrane,  in  which 
they  have  a  plexiforrr.  arrangement  and  appear  to  be  particularly  well  developed  in  the 
anterior  segment  of  the  tongue,  which  has  been  observed  to  have  its  origin  in  the  tuberculum 
impar  (His).  The  main  channels  accompany  the  ranine  vein  ;  some  direct  their  course  to  a  couple 
of  small  glands  which  lie  upon  the  outer  aspect  of  the  hyo-glossus  muscle,  others  join  the  deep 
cervical  chain  beneath  the  angle  of  the  jaw  and  the  sterno-mastoid  muscle.  The  lymphatics 
from  the  anterior  part  of  the  tongue  associate  themselves  with  the  vessels  in  the  floor  of  the 
mouth,  and  pass  with  them  through  the  mylo-hyoid  muscle  into  the  submaxillary  glands. 


The  Sublingual  Region  corresponds  to  that  part  of  the  floor  of  the  mouth  which  is  situated 
between  the  posterior  aspect  or  concavity  of  the  lower  jaw  and  the  tongue.  The  line  of  reflexion  of 
the  mucous  membrane  between  these  constitutes  the  alveolo-lingual  sulcus,  the  continuity  of  which 
from  one  side  to  the  other  is  interrupted  by  the  frsenum  linguae.  When  the  tip  of  the  tongue  is 
fully  raised,  an  oval- shaped  elevation  is  seen  on  each  side  of  the  franum,  corresponding  to  the 
sublingual  gland  ;  it  presents  a  ridge  of  mucous  membrane  on  its  upper  surface,  which  is  directed 
forwards  and  inwards  to  a  small  papilla,  upon  the  summit  of  which  is  situated  the  orifice  of 
Wharton's  duct.  The  ducts  of  the  sublingual  gland  open  along  the  summit  of  the  ridge. 
Behind  this  level  the  mucous  membrane  overlies  the  lingual  nerve  and  a  quantity  of  loose  con- 
nective tissue.  In  the  middle  line,  behind  the  symphysis,  the  genio-hyo-glossi  and  genio-hyoid 
.muscles  will  be  found  beneath  the  fraenum,  and  if  the  sublingual  gland  be  turned  aside  the 
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lingual  vessels  and  nerve  together  with  Wharton's  duct  will  be  fully  exposed  to  view.  Beneath 
all  these  structures  the  mylo-hyoid  muscles  stretch  across,  after  the  manner  of  a  diaphragm, 
from  one  mylo-hyoid  ridge  (fig.  46)  to  the  other,  and  form  the  boundary  line  between  the  floor 
of  the  mouth  and  the  submaxillary  region. 

The  Mucous  Membrane  of  the  Tongue. — Under  normal  con- 
ditions, the  mucous  membrane  on  the  dorsal  aspect  of  the  tongue,  so  far 
as  it  can  be  inspected  when  the  organ  is  fully  protruded,  presents  a 
villous  surface,  greyish-white  in  colour,  and  interspersed  throughout  with 
a  number  of  small  round  dots,  which  are  easy  of  recognition,  owing  to 
their  pink  tint.  From  the  description  given  above  of  the  mucous 
membrane,  it  will  be  perceived  that  this  area  available  for  inspection 
corresponds  to  the  part  of  the  dorsum  which  is  covered  by  the  filiform 
and  fungiform  papillae.  When  the  tongue  is  fully  protruded,  the  circum- 
vallate  papillae  just  come  into  view,  but  the  part  between  these  and  the 
epiglottis  remains  hidden.  From  the  earliest  times  the  condition  of  the 
mucous  membrane  of  the  tongue  has  been  regarded  as  a  valuable  index 
of  the  state  of  the  intestinal  tract.  In  certain  deranged  conditions  of  the 
latter,  its  surface  assumes  a  yellow  or  brownish  appearance,  and  is  said  to 
be  '  furred.'  When  this  occurs,  the  epithelial  cells,  which  are  heaped  up 
over  the  papillae,  become  sodden,  they  stain  with  varying  degrees  of 
intensity,  and  are  intermingled  with  mucus,  bacteria,  and  debris  of  food. 
The  fungiform  papillae  are  sometimes  unusually  distinct,  appearing  as 
bright  red  dots  throughout  the  fur.  This  is  well  seen  in  scarlet  fever, 
and  has  given  rise  to  the  term  '  strawberry  tongue.' 

Apart  from  any  distinct  pathological  condition,  the  dorsal  surface  of 
the  tongue  is  occasionally  not  quite  even,  but  traversed  by  fissures  in 
different  directions.  In  syphilis,  however,  a  fissured  appearance  of  a 
much  more  marked  degree  is  not  infrequently  observed.  Some  of  the 
fissures  run  across  the  tongue,  others  from  before  backwards,  with  the 
result  that  its  surface  is  broken  up  into  a  number  of  small  areas, 
irregularly  quadrilateral  in  outline. 

Chronic  inflammation  of  the  mucous  membrane  of  the  tongue,  or 
chronic  superficial  glossitis,  is  not  an  uncommon  affection.  The  filiform 
and  fungiform  papillae  are  inflamed,  and  at  first  appear  enlarged  and 
redder  than  normal,  but  at  a  later  period,  as  the  result  of  cicatricial 
changes,  they  undergo  atrophy  and  disappear.  The  surface  of  the  tongue 
then  loses  its  villous  appearance  and  becomes  smooth.  The  epithelium  is 
sometimes  thickened  in  patches,  which  present  a  silvery  white  colour — 
leukoplakia.  In  more  advanced  cases  there  is  an  increased  growth  of 
epithelial  cells,  forming  irregularly  raised  or  warty  patches — psoriasis  or 
ichthyosis  lingua. 

Ulceration  of  the  Tongue. — The  more  common  forms  of  ulceration 
which  affect  the  tongue  are  the  simple,  the  tubercular^  the  syphilitic,  and 
the  malignant.  The  last  is  the  only  form  which  demands  notice  here, 
as  it  presents  many  points  of  anatomical  interest,  both  in  its  mode  of 
progress  and  in  its  operative  treatment.  It  possesses  the  histological 
features  of  a  squamous-celled  epithelioma,  and  originates  occasionally  as 
a  nodular  or  warty  outgrowth,  which  is  at  first  superficial  and  apparently 
localised,  but  subsequently  involves  the  deeper  substance  of  the  tongue. 
More  commonly  it  commences  in  a  tongue  already  fissured  or  ulcerated, 
and  assumes  from  the  first  an  infiltrating  appearance.  As  the  disease 
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extends  it  gradually  involves  the  parts  in  its  vicinity;  it  becomes- 
adherent  to  the  floor  of  the  mouth  and  to  the  lower  jaw,  rendering  the 
tongue  fixed  and  immobile  ;  it  may  also  spread  to  the  epiglottis,  to  the 
pillars  of  the  fauces,  and  to  the  tonsil.  Very  acute  pain  is  usually  referred 
in  these  cases  to  the  area  of  distribution  of  the  lingual  nerve  ;  it  may  also- 
be  reflected  along  the  other  branches  of  the  inferior  maxillary  nerve,  such 
as  the  auriculo-temporal,  and  be  felt  acutely  in  the  ear  and  temporal 
region  of  the  head.  The  irritation  of  the  lingual  nerve,  too,  calls  forth  a 
reflex  flow  of  saliva,  and  this  is  always  a  distressing  accompaniment  of  the 
disease.  To  relieve  the  pain  and  salivation,  division  of  the  lingual  nerve 
is  sometimes  practised.  For  an  account  of  the  procedure  the  reader  is 
referred  to  page  101.  Haemorrhage  is  another  complication  attendant 
on  the  progressive  ulceration  of  the  tongue,  and  may  be  profuse  if 
the  lingual  artery  should  be  the  vessel  involved.  In  addition  to  the 
local  extensions  just  noted,  metastases  in  the  lymphatic  glands  which 
receive  the  vessels  from  the  tongue  are  the  rule.  This  is  not  difficult  to 
understand,  bearing  in  mind  the  fact  that  the  lingual  lymphatic  vessels  are 
so  numerous  and  pass  between  the  muscular  columns,  of  which  the  organ 
is  mainly  composed  ;  the  constant  movement  of  the  tongue,  therefore,  is 
to  be  regarded  as  favouring  the  spread  of  the  disease.  The  glands 
which  become  enlarged  are,  the  submaxillary  and  the  deep  cervical, 
especially  those  behind  the  angle  of  the  jaw  and  beneath  the  upper  third 
of  the  sterno-mastoid  muscle,  in  close  proximity  to  the  large  vessels. 
It  is  to  be  noted  that  there  is  a  free  communication  between  the 
lymphatic  vessels  of  the  two  sides  of  the  tongue,  and  that  unilateral 
disease  is  apt  to  be  followed  by  enlargement  of  the  glands  on  both  sides 
of  the  neck. 

Excision  of  the  Tongue. — The  particular  form  of  operation 
selected  in  any  individual  case  of  cancer  of  the  tongue  will  depend 
essentially  upon  the  site  and  extent  of  the  disease  and  the  condition  of 
the  lymphatic  glands.  The  organ  may  be  removed  through  the  oral 
aperture,  through  the  submaxillary  region,  or  through  the  gap  left  after 
division  or  removal  of  a  portion  of  the  lower  jaw. 

The  Attachments  of  the  Tongue. — Before  reviewing  these  operations  from  the 
anatomical  standpoint,  it  is  advisable  that  the  reader  should  recall  to  mind  the  different  attachments 
of  the  tongue.  The  organ  is  connected  (i)  to  the  lower  jaw  by  the  mucous  membrane  of  the  floor 
of  the  mouth,  especially  that  part  of  it  which  forms  the  frsenum  linguae,  and  by  the  genio-glossi 
muscles  ;  (2)  to  the  epiglottis  by  the  glosso-epiglottic  folds  and  by  some  connective  tissue  (glosso- 
epiglottic  ligaments) ;  (3)  to  the  hyoidbone  by  the  mass  of  fibrous  and  elastic  tissue  which  constitutes 
the  hyo-glossal  ligament,  by  the  posterior  fibres  of  the  genio-hyo-glossus  (fig.  53),  the  hyo-glossus, 
and  the  posterior  fibres  of  the  superior  and  inferior  lingualis  muscles ;  (4)  to  the  styloid  process  on 
each  side  by  the  stylo-glossus  muscle ;  and  (5)  to  the  soft  palate  by  the  palato-glossus  muscles 
and  by  the  folds  of  mucous  membrane  by  which  these  are  invested  (anterior  palatine  arches). 

Oral  Excision  of  the  Tongue — This  is  known  as  the  operation 
of  Whitehead.  The  mouth  is  held  wide  open  with  a  gag,  the  tongue 
is  drawn  forwards  by  means  of  two  loops  of  stout  silk  passed  one  on 
each  side  of  the  median  raphe,  close  to  its  tip,  and  its  attachments  are 
rapidly  divided  with  scissors.  It  is  surprising  how  freely  the  tongue 
comes  forwards  in  these  cases  when  the  fraenum  and  mucous  membrane 
in  the  floor  of  the  mouth  have  alone  been  divided. 

The  following  are  the  principal  structures  divided  on  each  side  in 
addition  to  the  mucous  membrane  beneath  the  tongue  :  the  genio- 
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hyo-glossus  muscle,  the  lingual  artery,  veins  and  nerve,  the  hyo-glossus 
and  stylo-glossus  muscles,  the  dorsalis  linguae  vessels,  the  anterior  arch 
of  the  palate,  the  glosso-epiglottidean  folds,  the  superior  and  inferior 
lingualis  muscles,  the  hyo-glossal  ligament,  the  glosso-pharyngeal,  hypo- 
glossal  and  some  filaments  of  the  internal  laryngeal  nerves,  also  some 
small  arterial  twigs  from  the  pharyngeal  and  tonsillar  branches  of  the 
facial  artery. 

Hemorrhage  is  the  main  danger  attending  this  operation,  not  so 
much  from  the  size  of  the  vessel,  however,  as  from  the  trouble  which 
may  be  experienced  in  securing  it  within  such  a  confined  space.  For 
this  reason  some  operators  elect  to  ligature  the  lingual  artery  on  one 
or  both  sides  as  a  preliminary  procedure,  according  as  half  or  the  entire 
tongue  is  to  be  removed.  An  account  of  the  operation  of  ligature  of 
this  artery  will  be  found  on  page  195. 

The  anastomosis  between  the  two  lingual  arteries  is  so  slight  that 
when  one  is  ligatured,  the  removal  of  the  corresponding  half  of  the 
tongue  is  a  remarkably  bloodless  procedure  (see  Lingual  Vessels). 

Excision  of  the  tongue  through  the  mouth  is  much  facilitated  by  divi- 
sion of  the  tissues  of  the  cheek  on  one  side.  The  incision  which  is  directed 
from  the  angle  of  the  mouth  backwards  and  slightly  downwards  to  the 
anterior  border  of  the  masseter  muscle  affords  ample  room  and  permits 
of  the  disease  being  satisfactorily  reached  when  it  involves  the  back  of  the 
tongue.  The  structures  which  are  divided  in  addition  to  the  skin  and 
subcutaneous  tissue  are,  the  facial  artery  and  vein,  which  run  close  to 
the  angle  of  the  mouth,  the  orbicularis  oris  and  buccinator  muscles,  and 
the  mucous  membrane.  The  incision  is  parallel  to  the  main  branches 
of  the  facial  nerve,  and  consequently  there  is  no  risk  of  subsequent  facial 
paralysis.  Stenson's  duct  and  the  transverse  facial  artery  lie  at  a 
higher  level. 

Excision  of  the  Tongue  through  the  submaxillary  region. — This 
method  of  removal  of  the  tongue  has  been  largely  practised  during  recent 
years.  The  following  may  be"  regarded  as  the  most  weighty  arguments 
in  its  favour  :  (i)  during  the  course  of  the  operation  one  or  both  lingual 
arteries  may  be  exposed  and  ligatured,  thus  doing  away  with  the  risk 
of  haemorrhage  ;  (2)  the  main  lymphatic  vessels  leading  from  the  tongue, 
the  lymphatic  glands  in  the  submaxillary  region,  and  also  the  submaxillary 
salivary  gland,  if  necessary,  can  be  thoroughly  reached  and  removed  ;  (3) 
it  is  admirably  adapted  to  those  cases  in  which  the  growth  involves  the 
under  surface  of  the  tongue  and  the  floor  of  the  mouth. 

The  steps  of  the  operation  about  to  be  described  refer  to  the 
procedure  which  is  associated  with  the  name  of  Kocher.  The'  skin 
incision  has  a  curved  direction,  and  extends  from  the  mastoid  process 
along  the  anterior  border  of  the  sterno-mastoid  to  the  level  of  the  great 
cornu  of  the  hyoid  bone,  where  it  turns  horizontally  forwards  and 
inwards,  and  just  before  reaching  the  middle  line  ascends  to  its  termina- 
tion beneath  the  symphysis  menti.  The  structures  traversed,  in  addition 
to  the  skin  and  superficial  fascia,  are,  the  platysma,  some  branches  of 
the  superficial  cervical  and  great  auricular  nerves,  the  commencement  of 
the  external  jugular  vein,  and  the  deep  fascia.  By  a  little  dissection, 
the  superficial  tissues  at  the  upper  margin  of  the  wound  are  raised  and 
turned  upwards,  after  which  the  anterior  border  of  the  sterno-mastoid 
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is  freely  defined  and  drawn  backwards,  so  as  to  bring  into  view  the  carotid 
vessels  and  the  internal  jugular  vein.  All  the  lymphatic  glands  which 
present  themselves  are  removed,  even  though  they  show  no  evidence  of 
disease,  together  with  the  submaxillary  gland  itself  and  the  cellular  tissue 
which  surrounds  both  it  and  its  capsule.  In  carrying  out  this  part  of  the 
procedure,  the  facial  vessels  are  exposed  and  divided  between  ligatures  ; 
the  vein  is  superficial  to  the  submaxillary  gland,  the  artery  is  related  to 
its  deep  surface.  The  structures  now  exposed  include  the  greater  cornu 
of  the  hyoid  bone,  the  anterior  and  posterior  bellies  of  the  digastric,  the 
stylo-hyoid  and  the  lower  surface  of  the  mylo-hyoid  muscle.  Behind  the 
latter  there  is  exposed  also  part  of  the  hyo-glossus  muscle,  with  the 
hypoglossal  nerve  crossing  it  and  disappearing  from  view  beneath  the 
mylo-hyoid  muscle  (fig.  57). 

In  order  to  expose  the  lingual  artery  the  hyo-glossus  muscle  is  divided 
immediately  above  the  greater  cornu  of  the  hyoid  bone,  where  it  forms 
the  floor  of  a  small  triangular  space,  bounded  above  by  the  hypoglossal 
nerve,  in  front  by  the  mylo-hyoid,  and  behind  by  the  digastric  tendon. 
The  artery  is  exposed  here  in  its  second  stage ;  some  operators,  however, 
prefer  to  secure  it  in  its  first  stage,  viz.,  in  the  angular  space  bounded 
above  by  the  posterior  tendon  of  the  digastric  muscle,  and  below  by 
the  greater  cornu  of  the  hyoid  bone.  Finally,  the  mylo-hyoid  muscle 
and  the  mucous  membrane  of  the  floor  of  the  mouth  are  divided  close 
to  the  jaw,  the  object  being  to  get  well  free  of  the  disease.  The  corre- 
sponding half  of  the  tongue  is  then  removed  by  dividing  the  organ  along 
the  middle  line  and  separating  its  connections  from  the  hyoid  bone  and 
epiglottis  with  strong  scissors. 

The  student  is  recommended  to  carry  out  the  procedure  just  described 
upon  the  cadaver,  as  it  forms  an  excellent  anatomical  exercise. 

Excision  of  the  Tongue  after  division  or  removal  of  a  portion  of 
the  Lower  Jaw. — The  lower  jaw  may  be  divided  in  the  middle  line 
(Sedillot)  or  at  the  side  (Langenbeck).  The  latter  site  is  the  one  usually 
selected  when  the  growth  involves  the  pharynx,  or  when  there  is  not 
sufficient  access  afforded  by  the  submaxillary  route.  The  bone  is  divided 
in  front  of  the  masseter  and  internal  pterygoid  muscles,  after  which 
its  posterior  segment  is  drawn  upwards  and  outwards,  freely  exposing 
the  lateral  aspect  of  the  pharynx.  In  the  median  operation  the  lower 
lip  is  divided  vertically,  and  the  incision  is  prolonged  downwards  as  far 
as  the  hyoid  bone.  The  jaw  is  divided  and  its  two  segments  drawn 
apart.  The  mylo-hyoid  muscles  are  next  divided  in  the  direction  of 
the  median  raphe,  and  the  genio-hyoid  and  genio-hyo-glossi  muscles 
are  separated  from  the  jaw  on  one  or  both  sides.  The  mucous  mem- 
brane of  the  floor  of  the  mouth  is  now  divided  on  each  side  of  and 
including  the  fraenum,  the  tongue  meanwhile  being  well  drawn  upwards. 
The  remaining  attachments  of  the  tongue  are  now  divided  from  before 
backwards  as  in  Whitehead's  operation,  and  in  doing  so  it  is  well  to 
secure  the  lingual  artery  on  one  side  and  ligature  it  before  the  opposite 
vessel  is  divided. 

It  is  important  to  note,  in  connection  with  this  operation,  that 
if  the  genio-hyoid  and  genio-hyo-glossi  muscles  which  connect  the 
tongue  and  hyoid  bone  to  the  lower  jaw  be  divided  on  both  sides,  the 
stump  of  the  tongue  is  liable  to  fall  backwards  and  cause  suffocation. 
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This  operation  is  highly  spoken  of  by  Professor  Kocher  {Operative 
Surgery,  4th  ed.,  1902).  The  principal  points  which  he  adduces  in  favour 
of  it  are  that  (i)  it  affords  excellent  means  of  approach  not  only  to  the 
tongue  in  its  entire  extent  but  also  to  the  pillars  of  the  fauces,  the  tonsil, 
the  adjoining  part  of  the  pharyngeal  wall,  and  the  soft  palate ;  (2)  it 
does  not  entail  any  troublesome  degree  of  haemorrhage;  (3)  it  is  not 
followed  by  serious  functional  disability  of  the  jaw,  as  its  two  segments 
are  easily  brought  together  and  securely  held  in  apposition  by  a  silver 
wire  suture  until  firm  union  has  taken  place  ;  (4)  the  function  of  deglu- 
tition is  not  seriously  impeded,  as  the  muscles  which  assist  in  the  act 
and  their  nerves  are  but  little  interfered  with  ;  the  danger  of  secondary 
broncho-pneumonia  is  consequently  diminished  ;  and  (5)  excellent  drain- 
age may  be  effected  in  the  interval  between  the  jaw  and  the  hyoid  bone. 

Paralysis  of  the  Tongue  is  the  result  of  disease  or  injury  affecting 
the  hypoglossal  nerve  in  any  part  of  its  course,  (a)  within  the  brain ,  (b) 
between  its  superficial  origin  and  its  point  of  exit  from  the  skull,  (c) 
between  its  point  of  exit  and  its  terminal  distribution. 

Paralysis  of  the  tongue,  either  unilateral  or  bilateral,  is  a  serious  con- 
dition, owing  to  the  difficulty  experienced  in  articulation,  deglutition,  and 
mastication  of  food.  Paralysis  of  the  entire  tongue  is  usually  the  result 
of  central  disease,  such  as  occurs  in  cases  of  bulbar  paralysis  in  which  the 
nerve  nuclei  undergo  degeneration.  In  this  affection  the  tongue  becomes 
quite  immobile  and  rapidly  wastes,  swallowing  is  exceedingly  difficult, 
and  the  saliva  which  accumulates  in  the  mouth  constantly  dribbles  away 
and  is  a  source  of  much  annoyance  to  the  patient.  In  unilateral 
paralysis,  the  affected  side  of  the  tongue  is  motionless,  and  when  the 
organ  is  protruded,  its  tip  is  directed  to  the  paralysed  side,  in  consequence 
of  the  functional  genio-hyo-glossus  muscle  being  unopposed  by  its  fellow. 
An  illustrative  simile  is  afforded  by  observing  the  direction  in  which  a 
boat  moves  when  propelled  from  the  side  by  a  single  oar. 

The  Connective  Tissue  of  the  Tongue — Mention  has  already  been 
made  of  the  small  amount  of  connective  tissue  in  the  tongue  ;  the  organ 
is  almost  entirely  muscular,  and  possesses  a  considerable  degree  of 
density,  a  circumstance  which  may  serve  to  explain  why  it  is  so  rarely 
the  seat  of  abscess.  A  diffuse  form  of  inflammation,  however,  may 
affect  the  tongue  (parenchymatous  glossitis),  and  cause  it  to  become 
greatly  swollen  and  to  protrude  between  the  teeth,  appearing  livid  in 
colour  and  quite  rigid.  As  might  be  expected,  such  a  condition  is 
accompanied  by  great  difficulty  in  speaking  and  swallowing,  and  there  is 
a  tendency  for  the  swollen  tongue  to  project  backwards  over  the  entrance 
of  the  larynx  and  threaten  suffocation.  An  additional  danger  to  be 
feared  is  an  associated  inflammatory  oedema  of  the  laryngeal  mucous 
membrane  (aryteno-epiglottidean  folds)  which  adjoins  the  base  of  the 
tongue,  as  it  is  a  very  potent  cause  of  laryngeal  obstruction  (see  Larynx). 

Macroglossia  is  a  rare  form  of  enlargement  affecting  the  tongue.  It 
usually  makes  its  appearance  in  children  at  an  early  age,  and  may  continue 
to  progress  gradually  and  painlessly  until  the  tongue  protrudes  beyond  the 
lips,  and  even  over  the  chin.  It  has  been  ascertained  that  the  condition  is 
due  to  obstruction  and  subsequent  dilatation  of  the  lingual  lymphatics, 
being  closely  allied,  in  fact,  to  a  cavernous  lymphangioma,  but  it  is  by 
no  means  easy  to  say  how  it  is  brought  about.  The  usual  treatment 
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adopted  is  partial  excision  of  the  enlarged  organ.  A  wedge-shaped 
mass  is  removed,  and  the  dimensions  of  the  part  are  restored,  as  far  as 
possible,  to  their  normal  proportions. 

Cystic  Tumours  of  a  congenital  nature  are  occasionally  found  in  the 
region  of  the  tongue  and  in  the  floor  of  the  mouth.  They  probably  have 
their  origin  in  connection  with  the  unobliterated  remains  of  the  thyro- 
glossal  duct,  i.e.  the  tubular  passage  which  in  the  embryo  penetrates 
downwards  from  the  surface  of  the  tongue  and  becomes  the  isthmus 
of  the  thyroid  body.  For  a  fuller  explanation  of  these  tumours,  see 
Thyroid  Cysts,  p.  211. 

Ranula  is  a  peculiar  form  of  cystic  tumour  which  is  sometimes  found 
in  the  floor  of  the  mouth  beneath  the  tongue.  It  forms  a  fluctuating 
swelling,  semi-transparent  in  appearance,  which  interferes  greatly  with 
speech  and  deglutition.  Its  exact  origin  is  a  matter  of  doubt ;  by  some 
it  is  considered  a  cystic  dilatation  of  Wharton's  duct,  others  regard  it  as  a 
cystic  transformation  of  certain  of  the  mucous  follicles  in  the  floor  of  the 
mouth,  belonging  either  to  the  sublingual  or  submaxillary  gland,  or  to 
certain  small  accessory  gland  collections  quite  separate  from  these,  which 
appear  to  exist  normally  beneath  the  mucous  membrane. 

Suppuration  in  the  Floor  of  the  Mouth  is  met  with  either  as  a 
localised  abscess,  limited  in  extent,  and  confined  to  one  side,  having 
originated  perhaps  in  a  suppurative  periostitis,  or  in  an  inflammatory 
enlargement  in  one  of  the  submaxillary  glands.  It  may,  however, 
assume  a  diffuse  form  and  spread  rapidly,  both  in  the  direction  of  the 
skin  and  across  the  middle  line,  to  the  opposite  side.  This  latter  con- 
dition is  what  is  sometimes  referred  to  as  submaxillary  cellulitis,  or 
Ludwig's  Angina.  The  mucous  membrane  in  the  floor  of  the  mouth  is 
greatly  swollen,  and  forms  a  solid  ridge  of  a  bright  red  colour  on  each 
side  of  the  fraenum,  pushing  the  tongue  upwards,  and  seriously  hampering 
its  movements.  The  chief  dangers  to  be  feared  are,  (a)  extensive  suppura- 
tion and  sloughing,  (fr)  pyaemia,  (c)  asphyxia,  if  the  inflammation  extends 
in  the  direction  of  the  larynx,  and  (d)  haemorrhage,  from  ulceration  through 
one  of  the  larger  vessels  in  the  neck.  Free  incisions  to  relieve  tension 
may  be  made  with  safety  in  the  middle  line  between  the  symphysis 
menti  and  the  hyoid  bone  ;  they  often  succeed  in  cutting  short  the 
spread  of  the  inflammatory  process  and  averting  extensive  suppuration. 

Incisions  made  into  the  submaxillary  tissues,  between  the  symphysis 
and  the  angle  of  the  jaw,  may,  if  deep,  lead  to  wound  of  the  facial  vessels. 
However,  if  only  the  superficial  structures  be  cut,  the  deeper  planes  may 
be  penetrated  by  a  blunt  dissector  or  by  a  pair  of  sinus  forceps  and  the 
abscess  reached  without  fear  of  troublesome  bleeding  (Hilton's  method). 


THE  PALATE. 

The  palate  forms  the  roof  of  the  buccal  cavity  and  separates  it  from 
the  nasal  fossae.  It  consists  of  two  parts,  named  respectively  the  £araf  and 
the  soft  palate,  which  are  directly  continuous  with  each  other  and  present 
an  arched  appearance,  both  in  the  longitudinal  and  transverse  directions. 
The  longitudinal  arch  extends  from  the  incisor  teeth  to  the  uvula,  its 
highest  point  being  situated  at  the  junction  of  the  hard  and  soft  palate  ; 


THE  PALATE  169 

the  transverse  arch  extends  between  the  alveolar  margins,  and  its  highest 
point  is  in  the  middle  line.  The  degree  of  curvature  of  both  arches 
varies  a  great  deal ;  in  some  cases  they  are  quite  shallow,  but  in  others 
their  depth  is  considerable,  especially  in  the  transverse  direction, 
reminding  one  of  a  pointed  Norman  arch  in  contrast  with  the  former, 
which  is  more  uniformly  rounded  after  the  Gothic  type.  A  very 
high  palatal  arch  is  not  uncommon  in  children  who  suffer  from  post- 
nasal  adenoids,  and  in  whom  the  nasal  fossae  fail  to  develop  in  con- 
sequence of  the  obstruction  in  the  naso-pharynx  which  interferes  with 

Incisive  Pad.        Central  Incisor  Tooth. 
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Canine  Tooth. 
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Posterior  Palatine  Art. 

Palatine  Pits. 


•     Anterior  Palatine  Arch. 
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FIG.  48. — The  hard  and  soft  palate  viewed  from  below.  Note  the  course  taken  by  the  posterior 
palatine  artery,  and  its  close  proximity  to  the  alveolar  margin  of  the  palate.  The  median 
raphe  is  very  evident,  and  also  the  palatal  rugae  which  curve  outwards  from  it  in  front. 

nasal  respiration.  The  vertical  depth  of  the  palatal  arches  also  depends 
upon  the  development  of  the  alveolar  margins  with  their  contained  teeth, 
and  it  follows  that  in  young  children  whose  alveoli  are  as  yet  rudimentary, 
and  also  in  old  people  with  edentulous  jaws,  the  curves  of  the  palate  are 
much  shallower  than  during  early  adult  and  middle  age,  when  the 
development  of  these  parts  reaches  its  maximum. 

THE  HARD  PALATE.— The  skeletal  framework  of  the  hard  palate  consists  of  the 
palatal  processes  of  the  superior  maxillary  and  palate  bones,  which  meet  in  the  middle  line,  forming 
a  thickened  ridge,  the  palatal  crest.  The  anterior  segment  of  the  palate  is  formed  by  the  premax- 
illary  bone,  and  in  the  skulls  of  young  children  a  trace  of  the  sutures  between  this  and  the  superior 
maxillae  can  often  be  made  out ;  the  anterior  palatine  canal  indicates  their  point  of  junction 
in  the  middle  line.  The  junction  of  the  palatal  processes  just  mentioned  with  the  alveolar 
arches  of  the  maxillse  is,  in  the  adult,  fairly  abrupt,  almost  at  a  right  angle ;  the  transition  of 
the  one  into  the  other  in  front,  however,  is  more  gradual.  The  thickness  of  the  bone  gradually 
diminishes  posteriorly  and  presents  a  sharp  edge  along  its  posterior  border,  from  the  centre  of 
which  the  posterior  nasal  spine  projects  backwards.  At  the  posterior  and  outer  angle  of  the 
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hard  palate,  about  half  an  inch  in  front  of  the  hamular  process  of  the  sphenoid  bone,  and 
immediately  inside  the  alveolus  of  the  third  molar  or  wisdom  tooth,  is  the  aperture  of  the 
posterior  palatitie  canal,  which  contains  in  the  recent  slate  the  posterior  palatine  vessels  and 
the  great  or  anterior  palatine  nerve  which  descends  from  Meckel's  ganglion.  Running  forwards 
and  inwards  from  this  canal  is  a  groove  in  which  the  vessels  and  nerve  lie.  The  surface 
of  the  bony  palate  is  rough  and  presents  numerous  vascular  foramina.  Near  its  posterior 
part  certain  ridges  stand  out  in  a  conspicuous  manner ;  one  of  these  flanks  the  outer  aspect 
of  the  groove  just  mentioned,  and  may  curve  round  to  such  an  extent  as  to  partially  en- 
velop the  structures  lying  in  the  groove.  Another  ridge  is  situated  in  front  of  the  posterior 
margin  of  the  palate,  and  has  a  transverse  direction ;  it  approaches  the  posterior  nasal 
spine  by  its  inner  extremity,  and  gives  attachment  to  the  palatal  aponeurosis  and  to  some 
fibres  of  the  tensor  palati  muscle. 

The  Soft  Coverings  of  the  Hard  Palate.— Over  the  greater  part  of  the  hard  palate  these 
coverings  consist  of  three  layers — mucous  membrane,  mucous  glands,  and  periosteum.  In  front, 
however,  for  some  distance  behind  the  incisor  teeth,  and  also  on  each  side  along  the  alveolar  aspect 
of  the  palate,  glands  are  absent,  and  the  mucous  membrane  is  connected  with  the  periosteum  by 
a  layer  of  dense  fibrous  tissue.  The  thickness  of  these  coverings  varies  a  great  deal ;  the  depth  of 
tissue  is  gieatest  in  the  angle  between  the  palatal  and  alveolar  processes  of  the  maxillae,  and  helps 
to  round  off  the  curve  of  the  palate  (fig.  46)  ;  it  is  comparatively  slight  along  the  median  raphe  and 
alveolar  margin.  The  mucous  membrane,  glands,  and  periosteum  are  inseparably  fused  with  each 
other,  being  connected  by  dense  fibrous  septa,  much  in  the  same  way  as  the  skin,  subcutaneous 
tissue,  and  aponeurosis  of  the  occipito-frontalis  muscle  are  connected  in  the  scalp.  The  median 
raphe,  which  is  usually  distinct,  terminates  in  front  in  a  small  conical  elevation,  the  palatine  papilla, 
which  overlies  the  anterior  palatine  or  incisive  foramen.  Behind  the  incisor  teeth  and  on  each 
side  of  the  raphe  the  mucous  membrane  forms  ridges — palatal  rugse  —  which  are  directed 
transversely,  and  vary  greatly  both  in  number  and  in  their  degree  of  development ;  they  are 
sometimes  prominent  and  sharp,  but  at  other  times  flat  and  almost  imperceptible. 

The  principal  artery  of  the  hard  palate  is  the  posterior  or  descending  palatine  (int.  maxillary), 
which  emerges  through  the  posterior  palatine  foramen  above  mentioned,  and  at  first  directs  its  course 
in  close  proximity  to  the  alveolar  process,  but  further  forwards  inclines  inwards  and  sends  a  branch 
to  the  anterior  palatine  foramen  to  anastomose  with  the  termination  of  the  naso-palatine  artery 
(fig.  48).  It  lies  throughout  in  contact  with  the  bone  and  periosteum,  and  is  accompanied  by  twa 
venae  comites  and  by  the  great  palatine  nerve.  Its  larger  branches  leave  it  along  its  inner  margin 
and  run  inwards  to  the  median  raphe,  where  they  anastomose  with  the  vessel  of  the  opposite  side. 

THE  SOFT  PALATE.— The  soft  palate  is  attached  to  the  hard  palate  in  front  and  to 
the  pharyngeal  wall  on  each  side,  but  is  free  behind,  where  it  overlies  the  vertical  part  of  the  dorsum 
of  the  tongue,  separating  the  naso-pharynx  above  from  the  oral  pharynx  below  (fig.  53).  The 
conical  projection  at  the  middle  of  its  posterior  border  is  the  uvula,  and  arching  outwards  and 
downwards  from  this  on  each  side  are  two  folds — the  pillars  of  the  fauces — which  diverge 
gradually  from  each  other.  The  posterior  fold  is  continued  from  the  posterior  margin  of  the 
palate  into  the  pharyngeal  wall  and  is  formed  by  the  palato-pharyngeus  muscle ;  the  anterior 
fold  springs  from  the  anterior  aspect  of  the  palate  at  the  base  of  the  uvula,  and  arches  down- 
wards so  as  to  reach  the  dorsal  aspect  of  the  tongue  close  behind  the  last  molar  tooth  of  the 
lower  jaw  ;  it  contains  beneath  its  mucous  covering  the  fibres  of  the  palato-glossus  muscle.  The 
space  between  the  two  pillars  is  very  narrow  and  shallow  above,  but  becomes  wider  and  much 
deeper  lower  down,  forming  a  fossa  for  the  reception  of  the  tonsil.  The  space  which  intervenes 
between  the  pillars  of  the  fauces  of  the  two  sides  serves  as  a  connecting  region  between  the 
buccal  and  pharyngeal  cavities  ;  it  is  capable  of  being  narrowed  to  a  very  great  extent  by  the 
contraction  of  the  posterior  pillars  (palato-pharyngei  muscles),  and  is  sometimes  alluded  to  as  the 
isthmus  of  the  fauces. 

The  soft  palate  is  covered  by  mucous  membrane  in  front  and  behind,  and  it  is  usually  possible 
to  follow  the  median  raphe  on  its  anterior  surface  back  to  the  uvula.  Between  the  mucous  layers 
there  is  a  large  amount  of  glandular,  muscular,  and  connective  tissue,  together  with  blood- 
vessels, nerves,  and  lymphatics.  A  dense  fibrous  lamina — the  palatal  aponeurosis — is  continued 
backwards  for  a  short  distance  into  it  from  the  posterior  edge  of  the  hard  palate.  It  is  attached,  in 
addition,  to  the  hamular  process  of  the  internal  pterygoid  plate  on  each  side,  and  gives  attachment 
to  certain  of  the  palate  muscles,  especially  the  tensor  palati,  which  is  to  be  regarded  as  a  tensor  of 
this  aponeurosis  rather  than  as  having  any  marked  influence  over  the  movements  of  the  palate 
itself.  The  palate  muscles  are,  the  palato-glossus  and  palato-pharyngeus,  which  have  just  been 
noted  in  the  pillars  of  the  fauces,  the  levator  palati,  tensor  palati,  and  the  azygos  uvulae.  The 
levator  palati,  azygos  uvulae,  and  palato-pharyngeus  are  said  to  derive  their  nerve  supply  indirectly 
from  the  spinal  accessory  through  the  pharyngeal  plexus.  The  tensor  palati  receives  its  nerve 
from  the  otic  ganglion  and  the  palato-glossus  from  the  hypoglossal  nerve. 

The  sensory  nerves  of  the  soft  palate  come  from  Meckel's  ganglion  through  the  small  and 
the  posterior  or  external  palatine  nerves,  together  with  some  filaments  from  the  glosso-pharyngeal 
nerve. 

The  lymphatics  issuing  from  the  soft  palate  are  connected  for  the  most  part  with  the 
deep  cervical  glands  which  are  situated  beneath  the  angle  of  the  jaw. 
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The  arteries  distributed  to  the  soft  palate  are — the  ascending  palatine  branch  of  the  facial, 
the  descending  or  posterior  palatine  branch  of  the  internal  maxillary,  and  the  palatine  branch  of 
the  ascending  pharyngeal  artery. 

The  Development  of  the  Palate. — The  soft  palate  and  the  greater 
part  of  the  hard  palate  are  formed  from  the  palate  plates  of  the  superior 
maxillary  and  palate  bones,  which  grow  inwards  horizontally  on  each 


Globular  Processes.  Palatal  Process. 

FIG.  49.  —  Early  stage  in  the  development  of  the  palate  in  the  foetus  (His). 

side  and  meet  in  the  middle  line  (fig.  50)  during  the  ninth  or  tenth  week 
of  intra-uterine  life,  and  separate  the  nasal  from  the  buccal  cavity.  In 
front,  the  palate  plates  diverge  from  each  other  in  an  outward  direction, 
leaving  a  V-shaped  interval,  into  which  is  received  the  palatal  portion 
of  the  os  incisivum  or  premaxillary  bone  (fig.  49).  The  latter,  together 
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FIG.  50.  —Later  stage  in  the  development  of  the  palate.  Its  two  halves  have  met  beneath  the 
nasal  septum,  and  have  succeeded  in  shutting  off  the  buccal  from  the  nasal  cavities. 
Observe  also  the  epithelial  invaginations  from  which  the  teeth  are  formed,  also  Meckel's 
cartilage  and  the  rudimentary  lower  jaw.  The  author  is  indebted  to  Professor  Cunningham 
for  the  specimen  from  which  this  drawing  was  made. 

with  the  nasal  septum,  is  developed  from  the  deep  aspect  of  the  internal 
nasal  (globular)  process,  from  which  also  is  derived  the  central  segment 
of  the  upper  lip  or  philtrum,  which  has  already  been  referred  to  in  the 
development  of  the  face.  The  premaxillary  bone  contains  the  germs  of 
the  upper  incisor  teeth;  its  junction  in  the  middle  line  behind  with 
the  superior  maxillary  processes  is  represented  by  the  anterior  palatine 
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canal,  and  from  this  a.  suture  extends  forwards  and  outwards  to  the 
alveolar  margin  of  the  jaw  on  each  side,  reaching  it  in  the  interval 
between  the  lateral  incisor  and  canine  teeth. 

Congenital  Defects  of  the  Palate  usually  take  the  form  of  a 
median  deficiency  or  gap,  which  is  found  to  vary  in  degree  within  very 
wide  limits,  from  a  mere  notch  or  bifidity  of  the  uvula  up  to  a  complete 
cleft  of  both  the  hard  and  the  soft  palate. 

A  complete  cleft  of  the  palate  may  be  unilateral  or  bilateral.  The 
unilateral  ,form  is  probably  the  more  common,  and  is  explained  by 
a  deficient  degree  of  development  of  the  palatal  processes  of  the 
superior  maxillary  and  palate  bones  on  one  side.  The  nasal  septum 
fuses  with  the  edge  of  the  palate  processes  of  the  opposite  side  (fig.  51),  but 
in  place  of  being  more  or^ess  straight  like  the  normal  septum,  it  deviates 
outwards  at  its  lower  extremity,  with  the  result  that  when  viewed  from 
the  mouth  it  appears  to  occupy  a  very  oblique  plane.  In  this  form  of 
cleft  one  nasal  fossa  only  communicates  directly  with  the  buccal  cavity. 


FIG.  51. — Complete  unilateral  cleft  of  the  palate,  drawn  from  a  cast  in  the  possession  of  Professor 
Bennett.  Observe  the  outward  deviation  of  the  cleft  in  front  and  the  marked  obliquity  of 
the  nasal  septum. 

The  cleft  may  terminate  in  front  at  the  incisive  foramen  or  may  advance 
forwards  to  the  alveolar  margin.  Its  anterior  extremity  in  such  cases 
deviates  outwards  between  the  superior  maxillary  and  premaxillary  seg- 
ments of  the  palate,  and  is  often  associated  with  harelip  on  the  same  side. 
With  bilateral  deft  of  the  palate  there  is  failure  of  development  of  the 
palate  plates  on  the  two  sides  ;  the  nasal  septum  also  fails  to  unite  with 
either  palate  segment,  and  projects  from  above  downwards  in  the  middle 
line  towards  the  cleft,  so  that  both  nasal  fossae  communicate  directly 
with  each  other  and  with  the  buccal  cavity  through  a  wide  median 
gap.  It  is  not  uncommon  for  the  cleft  in  front  to  diverge  on  both 
sides  of  the  premaxilla,  and  to  be  associated  with  a  double  harelip.  In 
such  cases  the  premaxilla  stands  prominently  forwards,  proboscis-like, 
isolated  from  the  remaining  segments  of  the  palate  and  alveolar  arch  ; 
it  is  covered  in  front  by  the  philtrum,  and  is  continued  backwards  as  a 
sharp  crest,  the  representative  of  the  anterior  part  of  the  nasal  septum 
in  a  rudimentary  form.  The  margins  of  the  cleft  are  usually  very  steep, 
and  if  prolonged  upwards  would  meet  in  a  sharp  angle. 
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Median  harelip,  an  explanation  of  which  has  been  given  in  a 
previous  section,  may  be  associated  with  a  median  defect  in  the  palate. 
The  latter  is  considered  by  His  as  being  due  to  a  separation  of  the  two 
segments  of  which  the  premaxilla  is  composed.  It  has  been  asserted  also 
that  with  median  harelip  the  premaxilla  may  be  altogether  absent. 

Albrecht's  Theory. — According  to  this  authority  the  lateral  segments 
of  the  premaxilla  consist  developmentally  of  two  distinct  parts,  each  of 
which  carries  an  incisor  tooth  (fig.  52).  He  considers  the  inner  of  these, 
or  endo-gnathion,  belongs  to  the  internal  nasal  process,  and  that  the  outer, 
or  meso-gnathion,  belongs  to  the  external  nasal  process,  also  that  the 
anterior  or  alveolar  part  of  the  cleft  in  the  hard  palate  passes  between 
the  two  portions  of  the  premaxilla,  and  not  between  the  premaxilla 
and  superior  maxillary  process.  According  to  Albrecht,  also,  the 
position  of  the  defect  in  the  lip  is  not,  as  has  been  stated  above, 
between  the  superior  maxillary  and  internal  nasal  processes,  but 
between  the  internal  and  external  nasal  processes.  However,  it 
has  been  shown  by  His  and  others  that  the  external  nasal 
process  takes  no  part  in  the  formation  of  the  upper  lip  or  of  the 

Central  Incisor  Tooth.         Endognathion. 
Incisive  Foramen.  Latera,  indsor  Tooth> 

Canine  Tooth. 

Mesognathion. 

First  Bicuspid  Tooth. 

Superior  Maxillary  Process 
(Exognathion). 

Second  Bicuspid  Tooth. 


FIG.  52. — Diagram  of  the  superior  maxillary  and  incisive  portions  of  the  palate.     The  portions 
of  the  incisive  bone  as  described  by  Albrecht  are  shown. 

premaxillary  bone.  The  suture  noted  by  Albrecht  as  dividing  the 
lateral  segment  of  the  premaxilla  into  two  parts  is  regarded  by 
Merkel  as  a  fissure  along  which  blood-vessels  pass  towards  the  dental 
sacs,  and  not  as  a  developmental  gap  separating  two  distinct  parts  of 
the  bone.  Although,  according  to  Albrecht,  the  cleft  in  the  alveolar 
margin  of  the  palate  has  been  seen  passing  between  two  incisor  teeth, 
yet  in  view  of  the  fact  that  supernumerary  incisor  teeth  occasionally 
exist,  this  circumstance  must  not  be  taken  as  a  valid  argument  in 
favour  of  his  theory.  A  possible  explanation,  however,  of  the  position 
of  the  alveolar  cleft,  noted  by  Albrecht,  would  be  a  double  ossification  of 
each  lateral  segment  of  the  premaxillary  bone,  and  failure  of  union 
between  these  two  ossific  centres. 

The  Operative  Treatment  of  Cleft  Palate. — Staphylorrhaphy  is 
the  term  employed  to  signify  the  procedure  which  is  carried  out  for  the 
closure  of  a  congenital  cleft  in  the  soft  palate.  As  a  rule,  the  margins 
of  the  cleft  are  curved,  with  the  concavity  directed  towards  the  middle 
line  (fig.  51),  the  curve  being  due  to  the  action  of  the  palate  muscles. 
In  some  cases  the  ununited  segments  are  stout  and  well  vascularised, 
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and  approach  very  close  to  or  even  touch  each  other  at  each  act 
of  deglutition  when  the  superior  constrictors  contract.  Such  cases  are 
favourable  for  operation.  But,  on  the  other  hand,  the  two  segments 
may  be  very  short  and  narrow,  appearing  as  two  thin  folds  attached 
laterally  to  the  pharyngeal  wall,  and  separated  from  each  other  by  a 
wide  gap ;  the  success  of  operative  measures  in  a  case  of  this  sort  would 
be  very  problematical. 

Uranoplasty  is  the  operative  procedure  which  is  undertaken  for  the 
closure  of  the  cleft  in  the  hard  palate,  and  its  success,  c&teris  paribu s,  will 
depend  mainly  upon  the  width  of  the  cleft  and  the  amount  of  tissue 
which  is  available  for  making  flaps  on  each  side.  From  what  has  been 
said  with  regard  to  the  blood  supply  of  the  hard  palate  and  the  course 
pursued  by  the  posterior  palatine  artery  (fig.  48),  it  follows  that,  no  matter 
what  plan  of  operation  be  adopted,  the  incision  made  for  the  purpose  of 
separating  the  flap  should  be  directed  close  to  the  alveolar  margin, 
commencing  posteriorly  inside  the  last  molar  tooth  and  curving  round 
anteriorly  towards  the  anterior  extremity  of  the  cleft.  By  taking  this 
precaution  the  principal  nutrient  artery  of  the  palate  will  be  retained 
in  the  flap.  Another  important  anatomical  fact  is  that  the  soft  tissues 
which  cover  the  hard  palate,  viz.,  mucous  membrane,  glands  and 
periosteum,  are  closely  connected  and  must  be  raised  together.  The 
flaps  should  be  peeled  off  the  bone  as  cleanly  as  possible,  so  that 
their  vitality  may  not  be  interfered  with  through  damage  of  their 
vessels.  The  process  of  separation  is  much  easier  in  children  than  in 
those  of  more  advanced  years,  as  the  surface  of  the  bone  is  smoother 
and  has  not  acquired  the  rugosities  which  characterise  the  adult  palate. 
The  part  which  is  most  difficult  to  close  is  usually  that  which  is  situated 
at  the  junction  of  the  hard  and  soft  palate,  as  the  cleft  is  widest 
here,  and  the  soft  palate  segments  are  connected  to  the  hard  by  the 
unyielding  tissue  of  the  palatal  aponeurosis  ;  the  palate  muscles,  too, 
viz.,  the  levator  and  tensor  palati,  offer  some  resistance  to  the  approxi- 
mation of  the  flaps,  and  during  the  healing  process  they  may,  by  their 
active  traction,  greatly  increase  the  tension  upon  the  line  of  suture.  To 
obviate  these  difficulties  certain  devices  have  been  employed,  one  of 
which  is  the  free  separation  of  the  soft  palate  from  the  hard  on  its 
nasal  aspect,  another  is  the  division  of  the  palate  muscles  on  each 
side.  The  best  way  to  do  this  is  by  making  an  antero-posterior  in- 
cision for  about  half  an  inch  through  the  entire  thickness  of  the  soft 
palate  at  the  inner  side  of  the  hamular  process  ;  it  effects  the  division  of 
the  tensor  palati  muscle,  which  at  this  level  is  directed  horizontally 
inwards,  and  also  the  main  fibres  of  the  levator  palati.  An  important 
property  possessed  by  the  flaps  which  are  raised  from  the  hard  palate 
is  their  toughness  and  very  slight  tendency  to  contraction,  thus  differing 
in  a  very  marked  way  from  flaps  of  integument  such  as  are  employed 
in  plastic  operations,  especially  on  the  face,  where  retraction  may  be  very 
considerable. 

THE  TONSIL. 

The  tonsil  occupies  the  recess  on  the  lateral  aspect  of  the  oral  stage  of  the  pharynx  which 
is  situated  between  the  anterior  and  posterior  arches  of  the  palate  above  the  dorsum  of  the  tongue, 
and  at  the  junction  of  its  horizontal  and  vertical  stages.  In  size  it  differs  a  good  deal  in 
different  individuals  ;  its  inner  surface  is  convex  and  free,  and  presents  a  pitted  appearance,  due  to 
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the  orifices  of  the  crypts  or  blind  passages  which  penetrate  into  its  interior.  Its  outer  surface  is 
flattened  and  is  surrounded  by  a  fibrous  envelope  which  maintains  it  in  close  connection  with  the 
superior  constrictor  of  the  pharynx  and  with  the  muscles  of  the  palatine  arches,  and  in  con- 
sequence of  which  it  follows  these  in  their  normal  movements.  At  the  upper  extremity  of  the 
tonsil  there  is  usually  a  small  pouch  or  depression,  the  supratonsillar  fossa,  which,  according  to 
His,  represents  the  position  of  the  pharyngeal  extremity  of  the  second  branchial  cleft. 

The  tonsil  is  composed  mainly  of  adenoid  or  lymphoid  tissue,  which  at  certain  points  is 
arranged  in  dense  masses — the  follicles  of  the  tonsil.  In  relation  to  its  deep  aspect  are 
numerous  mucous  glands,  the  ducts  of  which  open  into  the  crypts. 

The  Blood-Vessels  of  the  Tonsil  are  subject  to  very  great  variation  both  in  number  and  in 
size ;  the  principal  are,  the  tonsillar  and  palatine  branches  of  the  facial,  the  ascending  pharyngeal 
•(external  carotid],  the  descending  palatine  branch  of  the  internal  maxillary,  and  some  small 
branches  from  the  dorsalis  lingua  artery.  Its  veins  are  arranged  upon  its  deep  aspect  in  the 
form  of  a  plexus,  which  empties  its  blood  into  the  pharyngeal  veins. 

The  Lymphatics  of  the  Tonsil  pierce  the  pharyngeal  wall,  and  are  connected  with  the 
•deep  cervical  glands  which  overlie  the  large  vessels  behind  the  angle  of  the  lower  jaw  in  the 
vicinity  of  the  great  cornu  of  the  hyoid  bone. 

Inspection  of  the  Tonsillar  Region. — The  tonsils  can  be  readily 
inspected  by  getting  the  individual  to  open  the  mouth  widely,  the 
tongue  being  at  the  same  time  fully  depressed.  This  mode  of  examin- 
ation is  much  facilitated  by  the  arrangement  of  the  pillars  of  the  fauces, 
the  posterior  of  which  is  nearer  to  the  middle  line  than  the  anterior,  so 
that  the  base  of  the  tonsil  is  not  directed  accurately  in  the  antero- 
posterior  axis  of  the  buccal  cavity,  but  backwards  and  somewhat 
inwards.  This  obliquity  is  much  increased  when  the  posterior  pillars 
contract  and  at  the  same  time  approximate  each  other.  The  tonsil 
is  thrust  forwards  by  the  contraction  of  the  muscles  with  which  it  is 
related  in  front,  laterally,  and  behind,  and  with  which  its  fibrous  invest- 
ment is  closely  connected,  and  is  at  the  same  time  more  fully  exposed 
to  view.  Its  degree  of  prominence,  however,  varies  greatly  ;  in  some 
cases  its  free  surface  barely  exceeds  the  plane  of  the  palatine  arches, 
whereas  in  others  it  projects  far  beyond  these,  so  as  to  encroach  upon 
the  faucial  passage  and  approximate  its  fellow  of  the  opposite  side, 
little  more  than  a  mere  chink  intervening. 

The  Crypts  of  the  Tonsil  have  a  great  tendency  to  harbour  micro- 
organisms of  various  kinds  (pathogenic  and  pyogenic),  and  the  secretions 
which  collect  in  their  interior  very  often  decompose  and  assume  a  highly 
irritating  character.  Inspissated  masses  may  sometimes  be  seen,  on 
inspection  of  the  tonsil,  projecting  from  the  orifices  of  the  crypts  as  so 
many  little  plugs  of  a  yellow  colour,  studded  over  the  red,  inflamed 
surface — -follicular  tonsillitis.  Children  especially  are  very  prone  to 
repeated  attacks  of  tonsillitis,  a  frequent  result  of  which  is  per- 
manent enlargement  of  these  bodies,  their  consistency  at  the  same  time 
becomes  somewhat  firmer  than  normal,  but  nevertheless,  in  consequence 
of  the  excessive  development  of  lymphoid  tissue,  their  structure  as  a 
whole  is  somewhat  soft  and  friable.  Greatly  enlarged  tonsils  are  a 
source  of  much  trouble,  in  consequence  of  the  obstruction  they  offer  to 
respiration  and  swallowing,  and  which  is  greatly  increased  during  the 
inflammatory  exacerbations  ;  if  long  continued  it  reacts  in  a  most  un- 
desirable way  upon  the  growth  and  development  of  the  chest.  For  this 
reason  the  removal  of  chronically  enlarged  tonsils  is  very  commonly 
practised,  and  is  usually  followed  by  satisfactory  results. 

Tonsillotomy. — This  minor  operation  is  carried  out,  as  a  rule,  without 
difficulty,  and  the  haemorrhage  which  attends  it  is  usually  insignificant, 
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being  a  general  parenchymatous  oozing,  unaccompanied  by  any  spouting 
vessels,  as  the  finer  ramifications  of  the  tonsillar  arteries  alone  are  divided. 
In  subjects  of  a  haemophiliac  tendency,  however,  the  haemorrhage  may 
certainly  occasion  anxiety.  Excessive  bleeding  from  a  divided  tonsil  is 
readily  controlled  by  direct  pressure  with  a  small  piece  of  sponge  held 
in  a  pair  of  forceps,  counter-pressure  being  exerted  meanwhile  externally 
behind  the  angle  of  the  jaw. 

Haemorrhage  from  the  Tonsillar  Region. — No  vessel  of  any  magni- 
tude comes,  as  a  rule,  into  close  relationship  with  the  tonsil.  The 
internal  carotid  artery,  as  can  be  very  well  seen  in  fig.  30,  lies  almost 
an  inch  behind  the  level  of  the  tonsil  and  well  to  its  outer  side,  sur- 
rounded by  a  collection  of  loose  fatty  tissue.  Drawing  the  tonsil 
forwards  with  a  volsellum,  for  instance,  does  not  cause  any  alteration  in 
the  position  of  this  artery,  as  the  lax  surroundings  of  the  pharyngeal  wall 
enable  it  to  execute  its  movements  independently  of  the  artery  (Merkel). 
The  external  carotid  artery  is  still  further  removed  from  the  tonsil,  as  it 
lies  more  externally,  i.e.  superficially.  In  the  case  of  aged  individuals, 
however,  the  internal  carotid  occasionally  becomes  very  tortuous,  and  may 
come  into  close  proximity  to  the  tonsil.  The  facial  and  the  ascending 
pharyngeal  arteries  usually  have  a  closer  relationship  to  this  structure. 
The  former  takes  a  bend,  a  short  distance  above  its  origin,  from  the  ex- 
ternal carotid,  and  at  this  point  it  lies  against  the  superior  constrictor  in 
the  region  of  the  tonsil  and  under  cover  of  the  angle  of  the  jaw.  This  re- 
lationship will  be  readily  understood  by  a  reference  to  the  dissection  seen 
in  fig.  31,  where  the  artery  is  seen  advancing  from  the  neighbour- 
hood of  the  wall  of  the  pharynx  at  the  level  of  the  tonsil,  above  the 
digastric  and  stylo-hyoid  muscles.  It  is  quite  possible,  therefore,  in  the 
event  of  a  portion  of  the  pharynx  being  removed  together  with  an 
enlarged  tonsil,  that  this  loop  of  the  facial  artery  or  the  ascending 
pharyngeal  artery  might  be  wounded. 

Abscess  of  the  Tonsil  is  a  not  uncommon  sequela  of  acute  tonsillitis 
(quinsy,  cynanche  tonsillaris).  The  abscess  is  situated  either  within  the 
substance  of  the  tonsil  (interstitial)  or  between  the  tonsil  and  the  wall  of 
the  pharynx  (peritonsillar).  The  pain  and  swelling  interfere  greatly 
with  the  movements  of  the  jaws,  with  swallowing  and  with  talking.  The 
lymphatic  glands  beneath  the  angle  of  the  lower  jaw  and  overlying  the 
main  vessels  are  invariably  enlarged,  and  it  is  these  which  give  rise  to 
the  swelling  which  is  visible  externally  at  this  level.  These  abscesses 
sometimes  assume  a  grave  character,  more  especially  in  scarlatinal  cases 
in  children.  •  Perforation  of  the  wall  of  the  pharynx,  the  result  of  spread- 
ing ulcerative  inflammation,  is  sometimes  followed  by  a  diffusion  of 
the  abscess  in  the  loose  surrounding  tissues  (fig.  30).  Such  abscesses 
are  likely  to  attain  large  dimensions,  reaching  inwards  into  the  retro- 
pharyngeal  space  and  downwards  along  the  deeper  connective-tissue 
planes  of  the  neck.  A  septic  periarteritis  of  the  internal  carotid  artery 
may  so  weaken  the  wall  of  this  vessel  that  it  gives  way  before  the 
pressure  of  the  blood  in  its  interior,  a  sudden  and  fatal  gush  of  haemor- 
rhage being  the  result.  The  evacuation  of  an  abscess  of  the  tonsil  by 
incision  is  always  advisable,  one  reason  being  that  it  will  preclude  the 
entry  of  pus  into  the  air  passages  should  spontaneous  rupture  take  place 
during  sleep.  The  mouth  being  opened  as  far  as  possible  and  the 
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tongue  depressed,  the  most  prominent  part  of  the  swelling  is  sought  for 
and  transfixed  by  a  sharp-pointed  bistoury,  directed  from  before  back- 
wards in  the  antero-posterior  axis  of  the  buccal  cavity,  its  cutting  edge 
being  turned  towards  the  uvula ;  the  incision  is  always  made  in  an 
inward  direction. 

New  Growths  not  uncommonly  extend  to  the  tonsil  from  the  parts 
which  are  situated  in  its  immediate  vicinity,  viz.,  the  dorsum  of  tongue, 
the  palate,  and  the  pharynx.  A  remarkable  feature  of  these  cases  is  the 
rapidity  with  which  the  lymphatic  glands  become  involved.  Even  with 
quite  a  limited  epitheliomatous  growth  of  the  tonsil,  the  glands  situated 
beneath  the  angle  of  the  lower  jaw  along  the  course  of  the  main  vessels 
may  have  attained  very  large  dimensions,  adhering  to  each  other  and  to 
the  surrounding  tissues.  Sarcomata  of  the  tonsil  are  occasionally 
observed,  especially  the  form  described  as  lympho-sarcoma. 

The  Removal  of  Growths  of  the  Tonsil,  if  small  and  localised,  may 
be  carried  out  through  the  mouth,  but  there  is  very  little  available  room 
by  this  route ;  much  better  access  is  obtained  by  a  section  of  the  tissues 
of  the  cheek,  extending  from  the  angle  of  the  mouth  to  the  anterior  border 
of  the  masseter  muscle.  As  a  rule,  however — and  this  applies  mainly  to 
epitheliomatous  cases — the  best  way  to  attack  the  disease  is  by  an  oblique 
incision  in  front  of  the  sterno-mastoid  muscle,  similar  to  that  employed 
in  the  operation  of  lateral  pharyngotomy  (p.  183).  At  the  same  time 
that  the  primary  focus  is  removed,  the  lymphatic  glands  and  the  sur- 
rounding cellular  tissue  in  the  neighbourhood  are  dissected  out,  as  is 
usual  when  dealing  with  epitheliomatous  disease  in  other  regions  of 
the  body. 

THE  PHARYNX. 

The  pharynx  is  a  passage  of  varying  capacity,  the  wall  of  which  possesses  a  high  degree 
of  distensibility ;  it  measures  about  five  inches  in  length,  and  extends  from  the  basis  cranii 
downwards  into  the  neck  to  the  lower  -border  of  the  sixth  cervical  vertebra.  It  serves  to 
connect  the  upper  parts  of  the  digestive  and  respiratory  tracts,  being  common  to  both  :  thus 
the  nasal  chambers  and  the  buccal  cavity  lead  directly  backwards  into  it  from  the  front,  and 
two  passages  lead  away  from  it  in  a  downward  direction,  viz.,  the  larynx  in  front  and  the 
oesophagus  behind  ;  further,  at  the  upper  part  of  the  pharynx  on  each  side  is  the  opening  of  the 
Eustachian  tube,  which  connects  its  cavity  with  that  of  the  middle  ear  or  tympanum. 
For  descriptive  purposes,  it  is  customary  to  subdivide  the  pharynx  into  three  stages,  nasal,  oral, 
and  laryngeal,  according  to  the  parts  which  are  related  to  it  in  front  (fig.  53)- 

The  Naso-pharynx  is  situated  above  the  level  of  the  soft  palate,  and  immediately  behind 
the  nasal  fossae.  Its  upper  wall  is  formed  in  the  middle  line  by  that  sloping  part  of  the  basis  cranii 
which  intervenes  between  the  posterior  nares  and  the  pharyngeal  tubercle  of  the  occipital  bone  ; 
it  narrows,  however,  on  each  side  when  followed  into  the  lateral  recesses  (fossa  of  Rosenmuller) 
which  are  situated  beneath  the  petrous  bone  and  behind  the  cartilage  of  the  Eustachian  tube. 
Posteriorly  it  is  related  to  the  anterior  arch  of  the  atlas  and  to  the  body  of  the  axis  vertebra. 
The  angular  interval  between  the  roof  and  the  posterior  wall  of  the  pharynx  is  to  a  large  extent 
rounded  off  by  the  interposition,  between  the  mucous  membrane  and  the  bones,  of  a  collection 
of  dense  fibrous  tissue  together  with  the  upper  extremities  of  the  prevertebral  muscles  and  the 
anterior  occipito-atlantal  ligament. 

The  pharyngeal  extremity  of  the  Eustachian  tube  forms  a  marked  projection  upon  the 
lateral  wall  of  the  naso-pharynx  on  each  side,  and  extending  downwards  from  its  lower  border 
is  a  fold  of  mucous  membrane,  the  plica  salpino-pharyngeus.  Behind  the  Eustachian  tube  is  the 
lateral  recess  just  mentioned  ;  the  pharynx  is  widest  at  this  level  (Birmingham).  The  cavity 
of  the  naso-pharynx  gradually  narrows  from  above  downwards,  and  in  contrast  with  the  suc- 
ceeding stages  its  walls  are  comparatively  rigid  and  unyielding. 

The  Buccal  Pharynx  is  bounded  above  by  the  lower  aspect  of  the  arch  of  the  soft  palate  ; 
below  by  the  epiglottis  and  the  upper  aperture  of  the  larynx.  In  front  it  communicates  with 
the  buccal  cavity  through  the  isthmus  of  the  fauces,  and  below  this  it  is  bounded  in  front  by  the 
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vertical  stage  of  the  dorsum  of  the  tongue,  which  projects  backwards  so  as  greatly  to  reduce  the 
antero-posterior  dimensions  of  the  passage.  The  lateral  aspect  of  the  buccal  pharynx  presents 
in  front  the  anterior  and  posterior  pillars  of  the  fauces  or  palatine  arches,  between  which  lies  the 
tonsil. 


Vestibule  of  the  Mouth. 


Buccal  Cavity. 


Eustachian  Tube. 


Genio-glossus  M. 


..   Basis  Cranii. 


Anterior    Arch    of    the 

Atlas  Vert. 
Odontoid  Process  of 

the  Axis  Vert. 


^___^t Buccal  Pharynx. 


Genio-hyoid  M. 


Thyroid  Cartilage. 
The  Vocal  Cords. 


Laryngeal  Pharynx. 


(Esophagus. 


The  Deep  Cervical  Fascia 
Isthmus  of  the  Thyroid  Gland. 


Manubrium  Sterni. 


FIG.  53. — Sagittal  section  through  the  mesial  plane  of  the  head  and  neck  (Braune).  The  three 
subdivisions  of  the  pharynx  are  seen  in  this  section,  viz.,  the  naso-pharynx  above  the  soft 
palate,  the  buccal  pharynx  behind  the  posterior  part  of  the  dorsum  of  the  tongue,  and  the 
laryngeal  pharynx  between  the  tip  of  the  epiglottis  and  the  lower  border  of  the  cricoid 
cartilage.  Observe  the  interior  of  the  larynx  and  the  positions  of  the  vocal  cords.  Note  also 
how  the  trachea  gradually  recedes  from  the  surface  as  it  descends. 


The  Laryngeal  Pharynx  extends  from  the  upper  to  the  lower  level  of  the  larynx,  i.e. 
from  the  laryngeal  inlet  to  the  lower  border  of  the  cricoid  cartilage,  opposite  the  sixth  cervical 
vertebra ;  it  is  the  longest  stage  but  the  least  capacious,  as  it  narrows  gradually  down  to  its 
junction  with  the  cesophagus.  On  each  side  of  the  middle  line  in  front  there  is  a  recess  between 
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the  larynx  and  the  pharyngeal  wall,  below  the  great  cornu  of  the  hyoid  bone,  which  is  known 
as  tlie  pyriform  fossa.  Except  during  swallowing,  the  anterior  and  posterior  walls  of  the  passage 
are  in  contact,  so  that  on  cross  section  it  assumes  the  form  of  a  transverse  slit,  crescentic  in  outline, 
the  concavity  of  the  crescent  being  directed  forwards. 

The  Pharyngeal  Wall  possesses  considerable  strength  ;  it  is  made  up  of  three  distinct 
strata,  which,  from  within  outwards,  consist  of  the  mucous  membrane,  the  pharyngeal  aponeurosis, 
and  the  pharyngeal  muscles.  Outside  the  latter  there  is  a  thin  fascia,  continuous  with  that  which 
invests  the  buccinator  in  front — bucco-pharyngeal  fascia.  The  mucous  membrane  contains  a  large 
amount  of  lymphoid  tissue,  the  greater  part  of  which  is  collected  in  the  form  of  a  distinct  mass 
in  the  posterior  wall  of  the  naso-pharynx,  and  to  which  the  term  pharyngeal  tonsil  has  been 
applied  (Luschka).  It  is  best  seen  in  the  child,  and  has  the  appearance  of  a  number  of  folds 
radiating  from  a  central  depression — the  pharyngeal  bursa.  Between  the  folds  are  a  correspond- 
ing number  of  recesses  or  fissures,  which  vary  much  in  their  degree  of  development.  An  ex- 
tension of  this  lymphoid  tissue  passes  forwards  and  outwards  on  each  side  into  the  fossa  of 
Rosenmuller  and  to  the  posterior  wall  of  the  Eustachian  tube.  In  the  adult  the  appearances 
just  described  become  greatly  modified,  very  often  as  the  result  of  pathological  changes. 

The  pharyngeal  aponeurosis  is  a  thin  fibrous  layer,  which  is  weak  at  the  lower  part  of  the 
pharynx,  but  much  stronger  above  in  the  posterior  wall  of  the  naso-pharynx,  where  the  muscu- 
lature is  deficient  (Sinuses  of  Morgagnf). 

The  pharyngeal  muscles  are  the  three  constrictors  together  with  the  stylo-pharyngeus  and  the 
palato-pharyngeus.  Each  of  the  constrictors  forms  a  thin  muscular  sheet,  and  they  overlap  each 
other  from  below  upwards.  The  bucco-pharyngeal  fascia  which  invests  these  muscles  behind 
and  at  the  sides  is  in  contact  throughout  with  loose  cellular  and  fatty  tissue,  especially  in  the 
cervical  region.  These  lax  connections  permit  considerable  freedom  of  movement  between  the 
pharynx  and  the  adjoining  parts. 

Relations  of  the  Pharynx. — The  pharynx  is  related  posteriorly  (see  figs.  30  and  53)  to  the 
six  upper  cervical  vertebrae,  the  anterior  common  ligament,  the  prevertebral  muscles,  and  the 
prevertebral  layer  of  the  deep  cervical  fascia,  between  which  and  the  bucco-pharyngeal  fascia  there 
is  a  thin  stratum  of  loose  connective  tissue,  containing  one  or  more  small  lymphatic  glands 
(retropharyngeal). 

On  each  side  (fig.  30)  the  bag  of  the  pharynx  is  in  immediate  relationship  to  the 
fatty  and  cellular  tissue  which  fills  up  the  angular  space  between  it  and  the  prevertebral  region, 
and  which  is  quite  continuous  with  the  thin  prevertebral  layer  of  connective  tissue.  Further  out 
it  is  related  in  its  upper  part  to  the  styloid  process  and  the  muscles  which  arise  from  it,  to  the 
posterior  belly  of  the  digastric,  and  to  the  internal  pterygoid  muscle  which  clothes  the  vertical 
ramus  of  the  lower  jaw  (fig.  31);  it  is  related  also  to  the  parotid  gland  and  to  the  large  nervo- 
vascular  bundle  which,  enveloped  in  its  sheath  of  connective  tissue,  includes  the  internal  carotid 
artery,  the  internal  jugular  vein,  the  vagus  and  sympathetic  nerves,  together  with  the  hypoglossal, 
glosso-pharyngeal,  and  spinal  accessory  nerves.  Below  the  level  of  the  jaw  the  pharynx  is  more 
superficial  ;  its  lateral  aspect  is  here  related  to  the  common  carotid  artery  and  its  two  terminal 
branches,  the  ascending  pharyngeal  artery,  the  first  stages  of  the  lingual  and  facial  arteries,  the 
lateral  lobe  of  the  thyroid  gland,  and  the^  internal  and  external  laryngeal  nerves. 

Modes  of  Examination  of  the  Pharynx. — The  mucous  membrane  of 
the  middle  or  buccal  segment  of  the  pharynx  can  be  directly  inspected 
through  the  widely  opened  mouth,  and  that  of  the  laryngeal  pharynx  to 
a  large  extent  also  by  means  of  a  laryngoscopic  examination.  By  the 
method  of  investigation  known  as  posterior  rhinoscopy,  a  small  reflecting 
mirror  introduced  through  the  mouth  is  carried  upwards  beneath  the 
soft  palate  while  the  latter  is  in  a  state  of  voluntary  relaxation,  the 
tongue  being  at  the  same  time  fully  depressed.  By  rotating  the  mirror 
in  different  directions  it  is  possible  to  inspect  the  mucous  membrane  of 
the  naso-pharynx,  the  pharyngeal  extremities  of  the  Eustachian  tubes, 
the  posterior  nares  or  choanae,  the  posterior  extremities  of  the  middle 
and  superior  turbinated  bones,  and  the  nasal  septum  (vomer).  An 
extensive  examination  of  these  parts  can  also  be  conducted  with  the 
index  finger  carried  upwards  through  the  isthmus  of  the  fauces  above 
the  soft  palate  and  downwards  to  the  epiglottis  and  the  entrance  to  the 
larynx.  In  the  course  of  a  digital  examination  carefully  conducted  in 
this  way,  one  may  determine  the  condition  of  the  mucous  membrane 
of  the  naso-pharynx,  the  presence  of  post-nasal  adenoids,  a  retro- 
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pharyngeal  abscess  or  a  solid  tumour,  such  as  a  sarcoma,  springing  from 
one  of  the  four  upper  cervical  vertebras.  It  may  be  possible  also  to  detect 
a  foreign  body  impacted  at  the  level  of  the  entrance  to  the  larynx  or 
within  the  sinus  pyriformis.  A  digital  examination  of  the  wall  of  the 
pharynx  from  within  is  also  a  useful  diagnostic  aid  in  certain  cases  of 
tumour  or  abscess  deeply  seated  within  the  pterygo-maxillary  region,  i.e. 
between  the  pharynx  internally,  the  internal  pterygoid  muscle,  and  the 
parotid  gland  externally  (fig.  30).  If  in  the  course  of  the  examination 
another  finger  be  placed  outside,  immediately  behind  the  angle  of  the 
lower  jaw,  one  may  possibly  detect  deep  fluctuation  in  the  case  of  an 
abscess,  or,  in  the  case  of  a  new  growth,  ascertain  its  degree  of  fixity  or 
mobility.  The  distance  in  the  adult  from  the  incisor  teeth  to  the  lower 
extremity  of  the  pharynx  is  about  six  inches,  and  consequently  the  lower 
part  of  the  passage  is  somewhat  beyond  the  reach  of  the  examining 
finger. 

In  the  procedure  known  as  plugging  of  the  posterior  nares,  which  is 
occasionally  carried  out  in  the  treatment  of  obstinate  epistaxis,  a  piece  of 
lint  is  taken  and  folded  upon  itself  so  as  to  form  a  mass  very  little  larger 
than  the  posterior  nasal  aperture.  It  is  securely  fixed  to  a  loop  of  silk, 
which  has  been  carried  backwards  through  the  nose  by  means  of  a 
Bellocq's  sound  or  an  ordinary  flexible  catheter,  and  made  to  project 
in  the  buccal  pharynx,  where  it  is  seized  and  drawn  out  at  the  mouth. 
The  plug  caught  in  the  loop  is  guided  by  the  finger,  behind  and  over 
the  soft  palate  to  the  nasal  aperture.  By  pulling  upon  the  two  free 
ends  of  the  loop  which  hang  from  the  nostril  the  plug  is  engaged 
tightly  at  the  back  of  the  nasal  fossa  and  securely  closes  its  aperture. 
A  second  plug  is  placed  over  the  aperture  of  the  nostril,  and  the  two 
projecting  ends  of  the  loop  are  tied  tightly  over  it. 

Pharyngeal  Inflammation. — The  general  arrangement  and  the  struc- 
tural character  of  the  mucous  membrane  of  the  pharynx  renders  it  prone 
to  inflammation.  The  numerous  recesses,  especially  at  the  level  of  the 
pharyngeal  tonsil,  are  apt  to  harbour  micro-organisms,  and  the  abundance 
of  adenoid  tissue  present  favours  the  onset  of  inflammatory  changes. 
Its  exposed  position,  too,  renders  the  mucous  membrane  peculiarly  liable 
to  irritation  from  agents  reaching  it  through  the  inspired  air.  Mouth 
breathing,  in  cases  where  nasal  respiration  is  obstructed  from  any  cause, 
is  a  frequent  cause  of  pharyngitis,  in  consequence  of  the  mucous  mem- 
brane becoming  dried  and  at  the  same  time  irritated  by  prolonged 
contact  with  the  cold  inspired  air.  Acute  infective  pharyngitis  is  apt  to 
spread,  so  as  to  involve  the  tonsils  in  front,  the  orifices  of  the  Eustachian 
tubes  above  and  at  the  sides  of  the  naso-pharynx,  and  indirectly 
infect  the  tympanum  or  middle  ear.  The  infective  process  may  invade 
the  entrance  of  the  larynx  below,  setting  up  an  acute  oedema  of  such  in- 
tensity as  to  interfere  dangerously  with  respiration.  The  deep  lymphatic 
glands  upon  each  side  of  the  neck  become  swollen,  just  as  in  cases  of  acute 
tonsillitis.  In  very  acute  forms  of  pharyngeal  inflammation,  especially 
those  due  to  streptococcus  infection,  the  invasion  of  the  lymphatics 
of  the  neck  is  occasionally  followed  by  a  spreading  cellulitis  of  the  deep 
planes  of  connective  tissue  in  the  immediate  neighbourhood  of  the 
pharynx  and  beneath  the  sterno-mastoid  muscle. 

Post-nasal    Adenoids. — In   the   description   given   of  the   mucous 


THE  PHARYNX  181 

membrane  of  the  pharynx,  the  reader  has  noted  the  preponderance  of 
adenoid  or  lymphoid  tissue  in  its  upper  segment,  viz.,  the  pharyngeal 
tonsil  and  its  continuations  upwards  to  the  roof  of  the  naso-pharynx,  and 
forwards  on  each  side  to  the  fossa  of  Rosenmiiller  and  the  orifice  of  the 
Eustachian  tube.  In  children  this  tissue  very  frequently  becomes  hyper- 
trophied  throughout  the  naso-pharynx,  and  has  a  tendency  to  develop 
polypoid  growths,  the  so-called  adenoid  vegetations,  in  conjunction  with 
which  the  tonsils  are  usually  found  in  a  state  of  chronic  enlargement. 
The  presence  of  adenoid  growths  in  the  naso-pharynx  may  have  serious 
results  ;  nasal  respiration  is  partially  or  completely  obstructed,  the  nasal 
cavities,  their  accessory  sinuses,  and  the  bony  framework  of  the  upper 
facial  region  as  a  whole  develop  in  a  very  imperfect  manner,  and  when 
the  face  is  viewed  in  profile  the  lower  jaw  very  often  appears  unduly 
prominent.  Breathing  is  carried  out  through  the  mouth,  which  is  usually 
open,  giving  the  tissues  of  the  face  a  peculiar  drawn  appearance.  Owing 
to  the  deficient  entry  of  air,  the  development  of  the  thorax  also  is  interfered 
with,  the  ribs  are  flattened,  and  the  sternum  prominent.  The  Eustachian 
tubes  are  very  apt  to  be  involved,  either  by  an  extension  to  them  of 
catarrh  from  the  surrounding  mucous  membrane,  or  by  the  hypertrophic 
growth  of  the  adenoid  tissue  at  their  pharyngeal  extremities.  This 
explains  why  partial  deafness  and  associated  catarrh  of  the  middle  ear 
are  so  common  in  these  cases.  In  order  to  prevent  such  unpleasant 
consequences,  the  early  removal  of  post-nasal  adenoids  is  generally 
advisable.  This  mode  of  treatment  is  much  facilitated  by  their  soft 
and  friable  consistency,  which  enables  them  to  be  removed  by  the  aid 
of  the  curette,  without  any  harm  resulting  to  the  tough  fibrous  sub- 
mucous  tissue  with  which  they  lie  in  contact. 

Abscesses  in  connection  with  the  Pharynx  may  be  situated  between 
it  and  the  spine — retro-pharyngeal — or  at  the  side — latero-pharyngeal\ 
they  may  be  acute  or  chronic. 

Retro-pharyngeal  abscess  originates  either  in  the  loose  cellular 
tissue  between  the  bucco- pharyngeal  fascia  and  prevertebral  layer  of  the 
deep  cervical  fascia,  or  in  one  of  the  retro-pharyngeal  lymphatic  glands, 
and  is  most  frequent  in  childhood.  The  abscess,  especially  in  the  acute 
cases,  is  usually  noticed  first  at  the  level  of  the  buccal  stage  of  the  pharynx, 
as  this  part,  for  reasons  already  mentioned,  is  very  prone  to  inflammatory 
changes,  and  is  the  part  most  exposed  to  injury.  As  the  abscess 
increases,  the  posterior  wall  of  the  pharynx  bulges  forwards,  forming  a 
soft  fluctuating  swelling,  accessible  to  the  finger  introduced  through  the 
mouth.  It  interferes  with  speech  and  respiration ;  the  taking  of  food  is 
rendered  very  difficult,  and  both  solids  and  liquids  have  a  tendency  to 
enter  the  larynx.  Extension  of  the  abscess  is  most  likely  to  take  place, 
either  outwards  to  the  side  of  the  neck  or  downwards  in  front  of  the 
spine.  The  pus  may  be  discharged  spontaneously  into  the  pharynx  and 
threaten  suffocation,  unless  prompt  assistance  be  forthcoming. 

The  chronic  form  of  retro-pharyngeal  abscess  sometimes  originates  in 
the  retro-pharyngeal  glands  or  in  caries  of  the  cervical  vertebrae.  This 
variety  is  more  likely  to  assume  extensive  proportions  than  the  acute 
form  owing  to  its  slow  and  often  painless  manner  of  development.  A 
retro-pharyngeal  abscess  may  be  evacuated  through  the  mouth  by  a 
vertical  incision  in  the  middle  line  of  the  pharynx,  and  in  doing  so  the  head 
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should  be  kept  low,  so  as  to  prevent  the  pus  finding  its  way  into  the 
larynx.  Another  method  is  that  in  which  the  abscess  is  reached  from 
the  neck  ;  it  is  especially  applicable  to  the  chronic  or  tubercular  variety, 
in  which  it  is  of  the  utmost  importance  to  prevent  pyogenic  organisms 
reaching  the  abscess  cavity  and  setting  up  a  mixed  infection.  An 
incision  is  made  vertically,  below  the  level  of  the  mastoid  process,  and 
close  to  the  posterior  margin  of  the  sterno-mastoid  muscle.  With  the 
aid  of  a  blunt  dissector,  the  wound  is  extended  deeply  beneath  the  muscle 
in  the  direction  of  the  abscess,  keeping  behind  the  carotid  artery  and  the 
internal  jugular  vein,  which  are  usually  pushed  forwards  together  with 
the  prevertebral  fascia  in  front  of  the  abscess  sac.  The  latter  is  sub- 
sequently perforated  and  its  contents  evacuated. 

Latero-pharyngeal  Abscess  has  been  alluded  to  already  in  the 
applied  anatomy  of  the  tonsil,  and  can  usually  be  traced  to  inflammation 
of  the  lymphatic  vessels  and  glands  at  the  side  of  the  pharynx.  It  may, 
however,  be  primarily  a  retro-pharyngeal  abscess,  or  it  may  result  from 
the  deep  extension  of  a  parotid  abscess.  When  a  collection  of  pus  in 
this  region  attains  large  proportions,  it  causes  an  inward  bulging  of  the 
pharyngeal  wall  behind  the  tonsil,  and  a  marked  swelling  externally 
behind  the  angle  of  the  lower  jaw.  It  is  well  to  remember  that  an 
aneurysm  of  the  internal  carotid  artery  may  simulate  an  abscess  in  this 
locality  and  be  incised  by  mistake  (Chassaignac) ;  one  should  therefore 
take  the  precaution  of  noting  if  the  swelling  has  an  expansile  pulsation. 
These  abscesses  may  be  evacuated  by  an  incision  at  the  posterior  part  of 
the  sterno-mastoid  muscle  as  above  described,  or  by  one  in  front  of  the 
muscle,  the  opening  in  the  latter  case  being  extended  deeply  between  the 
main  vessels  externally  and  the  wall  of  the  pharynx  internally ;  this  method 
is  mainly  applicable  to  abscesses  which  project  in  a  forward  direction. 

New  Growths.— Malignant  disease  of  the  pharynx  is  very  often 
associated  with  that  of  the  tonsil,  as  has  already  been  noted.  A  common 
form  of  tumour  in  this  locality  is  that  which  is  known  as  naso-pharyngeal 
fibroma ;  it  is  usually  single,  and  grows  from  the  roof  of  the  naso-pharynx, 
where,  it  will  be  remembered,  there  is  a  thick  layer  of  connective  tissue 
interposed  between  the  mucous  membrane  and  the  periosteum.  In 
some  cases  these  growths  contain  a  mixture  of  sarcomatous  and  fibrous 
tissue — -fibro- sarcoma.  A  naso-pharyngeal  fibroma  is  capable  of  attaining 
a  very  large  size,  but  as  the  cavity  of  the  naso-pharynx  cannot  contain 
.  comfortably  a  mass  larger  than  that  of  a  walnut,  it  follows  that  as  the 
proportions  of  the  tumour  increase  it  must  invade  neighbouring  parts : 
thus  it  may  advance  outwards  into  the  nasal  cavities,  and  insinuate  itself 
into  the  ethmoidal  cells  and  the  maxillary  sinus,  or  it  may  enter  the  orbital 
cavity  through  its  inner  wall,  displacing  its  contents.  In  an  outward 
direction  these  tumours  find  their  way  also  into  the  spheno-maxillary  fossa, 
and  from  this  to  the  zygomatic  and  temporal  fossae.  In  a  downward 
direction,  the  enlarging  mass  depresses  the  soft  palate  and  encroaches 
upon  the  buccal  pharynx  ;  it  may  even  perforate  the  hard  palate  and 
project  into  the  mouth.  Occasionally  these  tumours  make  their  way 
through  the  base  of  the  skull  and  invade  the  cranial  cavity. 

Pharyngotomy. — This  operation  is  usually  required  for  the  purpose 
of  removing  growths  which  have  their  origin  in  the  tonsil  or  pharyngeal 
wall,  and  it  also  gives  access  to  the  upper  part  of  the  larynx.  According 
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as  the  incision  is  made  at  the  side  or  front  of  the  neck,  the  pharyn- 
gotomy  is  either  lateral  or  median. 

Lateral  Pharyngotomy. — The  skin  incision  is  directed  from  the 
anterior  part  of  the  apex  of  the  mastoid  process  to  the  middle  of  the 
hyoid  bone,  passing  a  finger's-breadth  below  and  behind  the  angle  of  the 
jaw  (Kocher);  it  is  extended  through  the  superficial  fascia,  platysma, 
and  deep  fascia,  dividing  at  the  same  time  the  commencement  of  the  ex- 
ternal jugular  vein,  and  some  filaments  of  the  superficial  cervical  and  great 
auricular  nerves.  The  submaxillary  gland  is  shelled  out  of  its  capsule 
and  turned  upwards  or  removed  altogether,  the  facial  vessels  being 
divided  at  the  same  time  between  two  ligatures.  A  similar  procedure  may 
be  required  for  the  lingual  artery,  which  at  its  commencement  lies  upon  the 
middle  constrictormuscle.  The  external  carotid  also  is  sometimes  ligatured 
at  this  stage.  The  large  vessels,  together  with  the  vagus  and  spinal  ac- 
cessory nerves,  are  drawn  backwards,  and  the  hypoglossal  nerve  is  re- 
tracted upwards.  The  internal  laryngeal  nerve  with  the  superior  thyroid 
artery  is  situated  beneath  the  lower  margin  of  the  wound  and  out  of 
harm's  way.  The  index  finger,  carried  upwards  along  the  inner  aspect 
of  the  internal  pterygoid  muscle,  separates  the  lateral  aspect  of  the 
pharynx  from  the  surrounding  structures.  If  further  access  is  required,  it 
may  be  necessary  to  divide  the  posterior  belly  of  the  digastric  and  the 
stylo-hyoid  muscles  close  to  the  hyoid  bone,  also  the  stylo-glossus  and 
stylo-pharyngeus  muscles.  In  order  to  open  up  the  floor  of  the  mouth 
the  posterior  part  of  the  mylo-hyoid  and  of  the  hyo-glossus  muscle  must 
be  divided,  and  in  doing  so  the  lingual  and  glosso-pharyngeal  nerves 
should  if  possible  be  preserved  intact.  The  side  of  the  pharynx  in  its 
middle  segment  is  now  fully  exposed,  but  division  of  the  lower  jaw  in 
front  of  the  masseter  may  be  necessary  in  order  to  reach  .  its  upper 
portion.  It  is  even  advisable  sometimes  in  such  cases  to  remove  the 
vertical  ramus  of  the  jaw,  for  if  this  be  not  done  the  subsequent  healing 
of  the  wound  which  is  left  after  the  removal  of  the  growth  is  apt  to 
lead  to  closure  of  the  jaws  through  the  contraction  of  the  newly  formed 
cicatricial  tissue. 

Should  it  be  required  to  expose  the  lower  part  of  the  pharynx,  its 
upper  lateral  relations  are  to  be  left  intact,  and  the  opening  made  into  it 
between  the  point  where  the  internal  laryngeal  nerve  pierces  the  thyro- 
hyoid  membrane  and  the  origin  of  the  superior  thyroid  artery.  A  good 
idea  of  the  relative  positions  of  the  various  structures  met  with  in  this 
operation  will  be  obtained  by  a  reference  to  figs.  31  and  57. 

Median  or  Infra-hyoid  Pharyngotomy  is  usually  performed  in  cases 
in  which  the  disease  is  of  somewhat  limited  extent  and  situated  opposite 
the  entrance  into  the  larynx.  The  skin  incision  is  directed  horizontally 
beneath  the  hyoid  bone  and  is  extended  through  the  subcutaneous  tissue, 
the  anterior  portions  of  the  platysma  muscles,  the  anterior  jugular  veins 
near  their  commencement,  and  the  deep  cervical  fascia.  The  sterno- 
hyoid,  omo-hyoid,  and  thyro-hyoid  muscles  and  the  pyramidal  lobe  of  the 
thyroid  body,  if  present,  are  next  divided.  The  thyro-hyoid  membrane 
comes  next ;  it  is  very  strong  and  ligamentous  at  its  central  part,  but 
much  thinner  laterally.  Having  divided  it,  the  epiglottis,  which  is  closely 
related  to  its  posterior  aspect,  is  separated  from  the  back  of  the  tongue, 
to  which  it  is  attached  by  some  connective  tissue  and  folds  of  mucous 
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membrane  (glosso-epiglottidean  fold) ;  it  is  also  separated  from  the  hyoid 
bone.  The  tip  of  the  epiglottis  is  then  seized  and  drawn  out  through 
the  wound,  and  a  good  view  is  afforded  of  the  wall  of  the  pharynx  at 
this  level,  and  also,  to  some  extent,  of  the  entrance  to  the  larynx. 

The-  division  of  the  thyro-hyoid  membrane  should  not  be  carried 
backwards  too  far  from  the  middle  line,  for  fear  of  wounding  the  internal 
laryngeal  nerve  on  one  or  both  sides.  The  parts  concerned  in  this 
operation  are  well  illustrated  in  figs.  53  and  58. 


THE  NECK. 

The  neck  forms  the  connecting  link  between  the  head  and  the  trunk, 
and  is  readily  subdivided  into  two  parts — an  anterior  and  a  posterior. 
The  anterior  contains  the  large  blood-vessels  and  nerves  which  pass  from 
above  downwards  and  from  below  upwards,  together  with  the  upper 
portions  of  the  respiratory  and  digestive  passages,  viz.,  the  larynx  and 
trachea  in  front,  the  pharynx  and  oesophagus  behind.  If  the  thyroid 
gland  be  excluded,  this  anterior  regfbn  may  be  regarded,  therefore,  as  a 
communicating  district  between  the  anterior  or  facial  segment  of  the 
head  and  the  trunk.  The  posterior  subdivision  of  the  neck  consists  of 
the  cervical  segment  of  the  spinal  column,  with  the  contained  spinal 
cord  and  the  numerous  muscles  which  are  attached  to  the  vertebrae. 
The  sterno-mastoid  and  trapezii  muscles  are  to  be  considered  apart 
from  these,  as  they  are  mainly  connected  with  the  head  above  and  with 
the  shoulder-girdle  below.  In  contrast  with  the  anterior,  this  posterior 
part  of  the  neck  connects  the  cranial  segment  of  the  head  with  the  trunk. 

The  limits  of  the  neck  are  for  the  most  part  well  defined ;  they  can 
sometimes  be  made  out  by  inspection,  and  are  always  readily  defined  by 
palpation.  The  line  which  marks  its  upper  limit,  commencing  at  the 
middle  line  in  front,  proceeds  from  the  lower  border  of  the  chin  or 
symphysis  menti  outwards  along  the  lower  border  of  the  jaw  to  its  angle, 
and  is  continued  backwards  below  the  ear  to  the  tip  of  the  mastoid  process, 
and  along  the  superior  curved  line  of  the  occipital  bone  to  the  external 
occipital  protuberance  or  inion.  The  lower  boundary  line  of  the  neck, 
commencing  at  the  suprasternal  notch,  extends  outwards  along  the 
upper  border  of  the  clavicle  to  the  acromion,  and  from  the  latter  straight 
backwards  to  the  spine  of  the  seventh  cervical  vertebra  (vertebra  pro- 
minens),  which  is  always  easily  distinguished  and  is  a  valuable  spinal 
landmark. 

The  external  configuration  of  the  Neck  varies  very  markedly  in 
different  individuals  and  in  different  parts  of  its  extent.  Midway  between 
its  upper  and  lower  boundaries  its  shape  is  approximately  cylindrical. 
In  its  upper  segment,  however — supra-hyoid  region  —  owing  to  the 
sudden  change  in  its  contour,  a  cross  section  will  appear  somewhat  oval, 
with  its  long  axis  lying  antero-posteriorly.  In  the  lower  segment  of  the 
neck  the  cylindrical  form  also  disappears,  mainly  in  consequence  of  the 
outwardly  directed  curve  of  the  trapezius  muscle  on  each  side  as  it 
approaches  the  shoulder-girdle;  a  cross  section  here  is  somewhat  oval 
in  outline  also,  but  has  its  long  axis  directed  transversely. 

The  neck  is  subject  to  very  considerable  variability  as  regards  its 
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different  proportions :  it  may  be  long  and  slender,  or  short  and  thick- 
set. It  has  been  shown,  however,  that  the  variability  in  the  length  of 
the  neck  in  different  individuals  cannot  be  explained  by  any  marked 
alteration  in  the  length  of  the  cervical  spine.  The  latter  is  remarkably 
constant,  and  its  average  measurement  may  be  stated  as  between  twelve 
and  thirteen  cms.,  or  about  five  inches.  The  factors  which  are  mainly 
instrumental  in  influencing  the  length  of  the  neck  are  three  in  number, 
viz.,  the  level  of  the  thoracic  inlet  and  of  the  shoulder-girdle,  the  contour 
of  the  trapezii  muscles,  and  the  thickness  of  the  neck  (Merkel). 

The  level  of  the  suprasternal  notch  is  somewhat  variable.     Normally, 
opposite   the   lower  border  of  the  second  dorsal   vertebra   it   may   in 
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FIG.  54. — Superficial  view  of  the  front  of  the  neck. 

weakly  developed  individuals  with  flattened  chests  attain  the  level  of 
the  lower  border  of  the  third,  and  it  follows  that  the  clavicles  will  be 
depressed  at  the  same  time  to  a  corresponding  extent.  The  anterior 
border  of  the  trapezius  (fig.  54),  as  it  is  followed  downwards,  curves 
outwards  to  its  shoulder-girdle  attachment,  but  not  with  the  same  degree 
of  abruptness  in  all  cases.  In  those  who  possess  feeble  muscular  develop- 
ment, the  curve  is  shallow  and  gradual,  and  is  most  evident  low  down. 
On  the  other  hand,  when  the  neck  muscles  are  strong  and  vigorous, 
the  anterior  margins  of  the  trapezii  bend  outwards  rather  abruptly 
opposite  the  middle  of  the  neck,  forming  much  sharper  angles  than  in 
the  former  case,  and  therefore  tend  to  increase  the  width  of  the  lower 
cervical  segment.  As  regards  the  effect  of  the  thickness  of  the  neck 
upon  its  apparent  length,  it  is  a  recognised  fact  that  if  two  necks,  or 
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two  cylinders,  of  the  same  length  but  of  different  thickness,  be  viewed 
alongside  each  other,  the  thicker  neck  or  the  thicker  cylinder  will  appear 
the  shorter  (Merkel).  The  three  factors  just  mentioned  are  frequently 
associated :  thus,  a  long  and  slender  neck  is  frequently  observed  in  an 
individual  with  feeble  muscular  development,  with  a  narrow  and  flattened 
chest,  and  in  whom  the  suprasternal  notch  and  shoulder-girdle  are 
consequently  below  the  normal  level.  In  strong,  vigorous  individuals, 
on  the  other  hand,  the  muscles  stand  out  distinctly  beneath  the  skin, 
the  chest  is  full  and  expanded,  the  suprasternal  notch  high,  the 
shoulders  wide  apart,  and  consequently  in  these  the  neck  appears  short 
and  massive. 

In  a  well  developed  male  subject  the  neck  appears  strong,  its  muscles 
stand  out,  its  laryngeal  framework  is  conspicuous,  and  its  general  contour 
is  more  of  the  angular  pattern  than  in  the  female,  in  whom  the  neck 
is  more  uniformily  rounded,  and  more  nearly  cylindrical  in  its  middle 
segment.  The  attitude  of  the  neck  varies  somewhat  also  in  the  two 
sexes  ;  for  whereas  in  the  male  it  is  held  straight  and  erect,  in  the  female 
it  is  not  infrequently  inclined  forwards  to  a  slight  extent,  and  meets  the 
chest  in  a  graceful  curve.  The  occasional  fulness  of  the  lateral  lobes 
of  the  thyroid  also  in  the  female  helps  to  round  off  the  general  contour 
of  the  throat. 

The  different  Regions  of  the  Neck. — By  inspection  it  is  possible 
usually  to  discern  through  the  skin  a  considerable  number  of  the 
underlying  structures,  provided  the  subcutaneous  fat  is  not  present 
in  excess.  Two  of  these  especially  possess  very  great  topographical 
importance,  viz.,  the  sterno-mastoid  and  trapezius  muscles.  The  former 
are  directed  to  some  extent  in  diagonal  fashion  from  above  and  behind 
— mastoid  process  and  superior  curved  line — downwards  and  forwards  to 
the  sternum  and  inner  extremity  of  the  clavicle,  the  muscles  of  opposite 
sides  approaching  each  other  very  closely  at  the  suprasternal  notch. 
The  area  included  between  the  anterior  borders  of  the  two  sterno-mastoid 
muscles  corresponds  to  the  anterior  region  of  the  neck,  and  is  subdivided 
into  two  minor  areas  by  the  hyoid  bone.  When  the  head  is  thrown  back 
these  latter  resemble  two  triangles  meeting  by  their  bases  ;  the  upper 
area  is  known  as  the  supra-hyoid  or  submaxtllary  region,  the  lower  as  the 
infra-hyoid  region  (fig.  54).  This  is  further  subdivided  into  a  median  and 
two  lateral  areas.  The  latter  have  a  triangular  outline,  and  are  called 
the  carotid  triangles,  as  their  main  contents  consist  of  the  carotid  vessels. 
The  apex  of  each  carotid  triangle  is  directed  downwards,  and  its  upper  or 
basal  portion  passes  without  interruption  upwards  to  the  recess  situated 
beneath  the  ear  and  behind  the  angle  of  the  lower  jaw,  and  forwards 
beneath  the  jaw  into  the  submaxillary  region.  The  intermediate  area 
between  the  two  carotid  triangles  constitutes  the  middle  line  of  the  neck  ; 
it  contains  several  important  structures,  and  possesses  the  highest  surgical 
importance.  Commencing  at  the  hyoid  bone,  the  body  and  greater 
cornua  of  which  are  easily  recognised,  and  carrying  the  examining 
finger  from  above  downwards,  one  may  detect  the  interval  occupied  by 
the  thyro-hyoid  membrane,  the  median  notch  at  the  upper  border  of  the 
thyroid  cartilage,  and  below  this  the  ridge  formed  by  the  junction  of  its 
two  alae  at  an  acute  angle.  The  middle  of  this  ridge  closely  corresponds 
to  the  position  of  the  true  vocal  cords  within  the  larynx,  and  it  is  much 
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more  prominent  in  the  male  than  in  the  female  subject.  If  the  individual 
be  requested  to  swallow,  it  will  be  noted  that  in  this  act  the  thyroid  ascends 
and  that  its  upper  border  passes  at  the  same  time  behind  the  body  of  the 
hyoid  bone.  On  each  side  of  the  thyroid  cartilage  a  fulness  may  some- 
times be  detected,  which  is  caused  by  the  lateral  lobe  of  the  thyroid  gland. 
The  median  depression  below  the  thyroid  cartilage  corresponds  to  the 
crico-thyroid  membrane,  and  below  this  again  the  narrow  anterior  arch  of 
the  cricoid  cartilage  stands  out  as  a  distinct  landmark,  its  lower  margin 
indicating  the  level  of  junction  between  the  larynx  and  trachea.  The 
latter  cannot,  as  a  rule,  be  readily  palpated,  as  it  recedes  more  and  more 
from  the  surface  as  it  descends  to  the  thoracic  inlet.  In  very  thin 
persons,  however,  it  may  be  felt,  especially  if  the  chin  be  elevated,  and  at 
the  same  time  one  may  possibly  recognise  the  thyroid  isthmus  as  a  soft 
rounded  projection  crossing  the  trachea  just  below  the  cricoid  cartilage. 
Immediately  above  the  sternum  the  anterior  region  of  the  neck  narrows 
very  quickly,  and  the  anterior  borders  of  the  sterno-mastoid  muscles 
stand  out  sharply  and  help  to  circumscribe  a  fossa  of  varying  depth 
immediately  above  the  suprasternal  notch  (suprasternal  fossa}.  The 
integument  rises  and  falls  here  during  respiration,  and  when  laryngeal 
obstruction  exists,  the  superficial  tissues  are  drawn  in  to  a  marked  degree 
with  each  inspiratory  effort.  Below  the  suprasternal  notch  and  hidden 
behind  the  sternum  are  the  two  large  innominate  veins  and  the  innominate 
artery.  These  veins  and  their  tributaries  become  engorged  when  the 
circulation  through  the  right  side  of  the  heart  is  impeded.  Should 
incompetence  of  the  tricuspid  valve  permit  of  regurgitation  from  the 
ventricle  into  the  auricle,  the  large  veins  in  the  vicinity  of  the  heart  may 
be  so  distended  as  to  obliterate  this  fossa,  and  furthermore  they  will  be 
observed  to  pulsate  synchronously  with  the  ventricular  systole.  An 
aneurysm  of  the  aortic  arch  or  of  the  innominate  artery  also  tends  in  the 
course  of  time  to  obliterate  this  space,  and  to  project  as  a  tumour  with 
an  expansile  pulsation. 

The  Supra-hyoid  or  Submaxillary  Region  varies  much  in  its  ex- 
ternal configuration  with  the  varying  attitudes  of  the  chin,  and  according 
as  the  amount  of  fatty  tissue  present  is  abundant  or  not.  If  this  latter  is 
not  developed  to  an  undue  degree,  the  general  contour  of  the  part  is 
smooth  and  slightly  rounded,  and  is  inclined  more  or  less  horizontally 
from  before  backwards  when  the  head  is  held  erect  and  the  gaze  directed 
straight  forwards,  the  hyoid  bone  lying  approximately  in  the  same  plane 
as  the  lower  margin  of  the  jaw.  When  the  head  is  thrown  back  and  the 
chin  elevated  the  superficial  tissues  become  tense,  and  the  space  itself 
presents  a  very  evident  triangular  outline  (fig.  54).  When  the  chin  is 
depressed,  the  surface  presents  a  concave  appearance,  the  superficial 
tissues  become  relaxed,  and  the  deeper  structures  are  rendered  more 
accessible  to  external  palpation.  The  head  should  always  be  maintained 
in  this  attitude  when  the  submaxillary  space  or  the  floor  of  the  mouth 
is  being  examined  with  a  view  to  determine  the  limits  of  certain  solid 
growths  in  this  locality — malignant  glands,  etc. — and  whether  they  are 
adherent  or  not  to  the  lower  jaw. 

In  very  fat  individuals  the  submaxillary  region  is  full  and  rounded  ; 
a  furrow  directed  along  the  lower  margin  of  the  jaw,  however,  serves  to 
mark  its  junction  with  the  tissues  of  the  face.  The  accumulation  of  fat 
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may  be  so  great  that  it  extends  as  a  pendulous  fold  from  one  side  to  the 
other,  constituting  a  diffuse  lipoma,  and  is  sometimes  referred  to  in 
popular  language  as  ' double  chin' ';  the  depression  beneath  the  pinna  or 
subauricular  fossa  in  such  cases  becomes  obliterated,  and  shares  in  the 
general  fulness  of  the  adjoining  regions. 

The  Sterno-mastoid  Region  corresponds  in  extent  to  the  area 
included  between  the  anterior  and  posterior  borders  of  the  corresponding 
muscle,  which  forms  a  surgical  landmark  in  the  neck,  the  value  of  which 
cannot  be  overestimated.  Its  anterior  border  especially  can  readily  be 
perceived  and  felt  in  muscular  necks.  A  small  fossa  is  very  often  observed 
between  the  two  heads  of  the  muscle,  immediately  above  the  sterno- 
clavicular  articulation  (fossa  supraclavicularis  minor) ;  the  lower  part  of 
this  depression  on  the  right  side  is  situated  opposite  the  bifurcation  of  the 
innominate  artery,  on  the  left  side  it  lies  in  front  of  the  common  carotid 
artery.  The  external  jugular  vein,  which  crosses  the  muscle  obliquely 
from  above  downwards  and  backwards,  is  sometimes  quite  distinctly 
visible,  its  course  being  represented  by  a  line  drawn  from  the  angle  of  the 
jaw  to  the  centre  of  the  clavicle.  If  the  thumb  be  pressed  directly  back- 
wards about  an  inch  above  this  lower  point,  the  vein  immediately  swells 
up  and  becomes  very  prominent.  Certain  of  the  superficial  cervical 
glands  which  lie  along  the  course  of  this  vessel  can  sometimes  be  felt, 
especially  if  slightly  enlarged,  owing  to  the  slight  depth  of  tissue  by 
which  they  are  covered.  From  a  point  situated  opposite  the  centre  of 
the  posterior  border  of  the  muscle,  a  number  of  superficial  nerves  derived 
from  the  cervical  plexus  radiate  in  different  directions ;  thus  the  great 
auricular  runs  upwards  to  the  ear,  and  has  a  close  relationship  with  the 
external  jugular  vein  ;  the  superficial  cervical  nerve  crosses  the  muscle 
transversely  ;  and  the  descending  suprasternal  and  supraclavicular  nerves 
stream  downwards,  with  varying  degrees  of  obliquity,  to  their  terminal 
areas  of  distribution.  Another  nerve  which  presents  an  important  re- 
lationship to  the  sterno-mastoid  muscle  is  the  spinal  accessory  ;  it  passes 
beneath  the  anterior  border  of  the  muscle  about  one  and  a  half  inches 
below  the  mastoid  process,  and  continuing  its  oblique  course  downwards 
and  backwards,  enters  the  posterior  triangle  midway  between  the 
occiput  and  the  clavicle,  from  whence  it  continues  onwards  to  the  deep 
aspect  of  the  trapezius  muscle,  in  which  it  ends.  It  follows  from  these 
facts  that  an  incision  directed  vertically  at  the  centre  of  the  posterior 
border  of  the  sterno-mastoid  muscle  will  incur  the  risk  of  wounding  one 
or  more  of  these  nerves. 

The  Lateral  Region  of  the  Neck  is  limited  posteriorly  by  the 
anterior  margin  of  the  trapezius  and  in  front  by  the  posterior  margin  of 
the  sterno-mastoid  muscle.  The  area  included  between  these  muscles  is 
triangular  in  outline,  its  base  corresponding  to  the  middle  third  of  the 
clavicle  and  its  apex  to  the  point  on  the  superior  curved  line  of  the 
occipital  bone  where  these  muscles  come  into  contact ;  it  is  also  known 
as  \hz.  posterior  triangle  of  the  neck.  At  the  lower  part  of  this  region 
the  general  surface  is  usually  depressed,  constituting  the  supraclavicular 
fossa.  In  thin  persons  the  depression  is  very  deep  as  the  clavicle  below, 
and  the  limiting  muscles  on  each  side,  stand  out  in  strong  relief;  on  the 
other  hand,  in  very  fat  necks  there  may  be  little  or  no  indication  of  this 
fossa,  as  the  general  surface  of  the  side  of  the  neck  slopes  downwards  with- 
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out  interruption  to  the  infraclavicular  region.  The  supraclavicular  fossa 
possesses  a  high  degree  of  surgical  interest,  seeing  that  it  is  traversed 
by  the  subclavian  vessels  and  by  the  large  cords  of  the  brachial  plexus. 

The  Posterior  Region  of  the  Neck  is  sharply  limited  in  front  by 
the  anterior  borders  of  the  trapezii  muscles.  It  presents,  as  a  rule,  a 
well  rounded  appearance,  which  is  maintained  by  the  thick  muscular 
mass  on  each  side  of  the  vertebral  column  and  the  ligamentum  nucha^. 
The  area  which  lies  immediately  below  the  occiput  is  familiarly  known 
as  the  nape  of  the  neck,  and  is  covered  by  hairs. 

The  Skin  of  the  Neck  is  thin  and  moves  freely  over  the  subjacent 
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FIG.  55. — Superficial  view  of  the  side  of  the  neck. 

parts.  Its  general  smooth  appearance  is  interrupted  in  front,  however, 
at  its  upper  part  by  two  obliquely  directed  furrows,  which,  commencing 
in  the  suboccipital  region,  are  directed  respectively  downwards  and 
forwards  beneath  the  auricle  to  the  upper  and  lower  limits  of  the  laryngeal 
region  ;  indeed  it  would  appear  as  if  their  existence  depended  on  the 
larynx.  They  are  best  seen  in  adult  males,  and  the  lower  of  the  two  only 
is  present  in  the  female  in  many  cases.  If  incisions  at  the  upper  and 
lateral  aspect  of  the  neck  be  so  arranged  as  to  lie  within  these  furrows, 
very  little  evidence  of  the  scar  will  remain  when  healing  is  complete, 
especially  if  subcuticular  sutures  are  employed  in  adjusting  the  wound 
margins. 

The  mobility  of  the  superficial  tissues  of  the  neck  is  greater  in  front 
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than  behind,  and  consequently  these  are  well  adapted  for  plastic 
operations.  On  the  other  hand,  this  property  favours  contraction 
and  deformity  in  cases  of  wounds,  burns,  etc.,  which  are  accompanied  by 
extensive  loss  of  substance.  The  skin  at  the  posterior  part  of  the  neck 
is  thicker  and  more  adherent  than  in  front ;  it  contains  numerous 
sebaceous  glands,  and  is  a  favourite  site  for  boils  and  carbuncles.  The 
density  of  the  subcutaneous  tissue  in  the  suboccipital  region  renders 
these  affections  extremely  painful,  and  it  probably  affords  an  explana- 
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FIG.  56. — Transverse  section  of  the  neck  at  the  level  of  the  anterior  arch  of  the  cricoid  cartilage. 
Drawn  from  a  mounted  specimen  in  the  Anatomical  Department,  Trinity  College,  Dublin. 
The  anterior  and  posterior  subdivisions  of  the  neck  are  clearly  represented,  as  is  also  the 
general  arrangement  of  the  deep  cervical  fascia.  The  relations  of  the  thyroid  gland  to  the 
larynx  and  to  the  lower  part  of  the  pharynx,  and  also  to  the  carotid  sheath,  are  deserving 
of  special  note. 

tion  also  of  the  fact  that  whereas  sloughing  is  rarely  if  ever  observed 
in  front,  it  occurs  with  comparative  frequency  here. 

The  deep  cervical  fascia  forms  a  general  investment  for  the  neck,  but  varies  in  its 
degree  of  development,  not  only  in  different  parts  of  the  neck,  but  also  in  different  individuals. 
By  its  deep  surface  it  furnishes  offshoots  which  ensheath  the  muscles  and  subdivide  the  neck  into 
certain  compartments. 

The  cervical  muscles  may  be  conveniently  divided  into  three  groups  :  (i)  the  sterno-mastoid 
and  trapezius,  which  are  attached  close  together  to  the  cranium  above,  to  the  sternum  and 
shoulder-girdle  below,  where,  as  already  noted,  they  are  separated  by  an  interval  of  varying 
width,  i.e.  the  posterior  triangle;  (2)  the  infra-hyoid  muscles,  viz.,  the  sterno-hyoid,  sterno- 
thyroid,  and  omo-hyoid  ;  (3)  the  muscles  which  closely  invest  the  cervical  spine,  i.e.  the  pre- 
vertebral  muscles  in  front,  the  longitudinal  group  of  muscles  behind,  and  the  scalene  muscles  at 
each  side. 

The  enveloping  layer  of  the  deep  cervical  fascia  (fig.  56),  when  traced  from  before  back- 
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wards  over  the  anterior  triangle,  divides  in  order  to  enclose  the  sterno-mastoid  muscle,  and 
furnishes  it  with  a  distinct  sheath,  which  is  more  strongly  developed  at  its  upper  than  at  its 
lower  part.  Leaving  the  sterno-mastoid.  it  passes  as  a  single  layer,  which  contains  in  its 
substance  many  small  lymphatic  glands  (retro-mastoid),  across  the  posterior  triangle,  and  divides 
again  to  enclose  the  trapezius,  at  the  inner  border  of  which  it  obtains  attachment  to  the  liga- 
mentum  nuchse.  Above,  it  is  attached  to  the  margin  of  the  lower  jaw,  and  behind  the  angle  of 
this  bone  it  is  continued  upwards,  as  the  parotid  fascia,  to  the  zygoma.  Following  it  backwards, 
it  is  attached  to  the  lower  aspect  of  the  cartilage  of  the  external  auditory  meatus,  to  the  mastoid 
process,  and  superior  curved  line  of  the  occipital  bone.  Below,  it  is  fixed  to  the  clavicle  and 
manubrium  sterni.  At  a  short  distance  above  the  latter  it  divides  into  two  laminae,  the  anterior 
of  which  is  attached  to  the  front  of  the  manubrium  and  the  posterior  to  the  back  of  this  bone 
and  to  the  interclavicular  ligament.  The  space  included  between  these  laminae  contains  the 
sternal  heads  of  the  sterno-mastoid  muscles  and  some  loose  areolar  tissue,  in  which  are  found 
the  terminal  stages  of  the  anterior  jugular  veins,  which  are  usually  connected  by  a  transverse 
branch,  and  by  one  or  more  lymphatic  glands.  Between  its  upper  and  lower  attachments  this 
ensheathing  layer  is  bound  down  to  the  hyoid  bone. 

The  pretracheal  layer  of  the  deep  cervical  fascia  (fig.  56)  lies  immediately  subjacent  to 
the  general  investing  layer  ;  it  ensheaths  the  infra-hyoid  muscles,  viz. ,  the  sterno-hyoid,  sterno- 
thyroid,  and  omo-hyoid,  and  may  be  followed  beneath  the  lower  segment  of  the  sterno-mastoid 
muscle  into  the  posterior  triangle  as  a  well  defined  layer,  where  it  provides  a  sheath  for  the 
posterior  belly  of  the  omo-hyoid  muscle.  Below  this,  it  stretches  across  the  omo-clavicular 
triangle  (fig.  64),  and  obtains  attachment  below  to  the  clavicle  and  to  the  sheath  of  the 
subclavius  muscle  (costo-coracoid  membrane).  Above  the  omo-hyoid,  the  pretracheal  fascia 
blends  with  the  deep  aspect  of  the  sterno-mastoid  sheath  (rig.  56)-  In  front  it  is  attached 
above  to  the  hyoid  bone,  and  below  it  passes  into  the  thorax,  where  it  obtains  attachment  to  the 
fibrous  layer  of  the  pericardium  (cervico-pericardiac  fascia}.  As  it  overlies  the  front  region  of 
the  neck,  it  furnishes  a  capsule  for  the  thyroid  gland,  and  helps  to  connect  it  with  the  cricoid 
cartilage — see  suspensory  apparatus  of  the  thyroid  gland.  On  each  side  of  the  thyroid,  also,  it 
enters  into  the  composition  of  the  carotid  sheath. 

The  prevertebral  layer  of  the  deep  cervical  fascia  (fig.  56)  extends  across  the  neck  in 
front  of  the  spine  and  the  prevertebral  muscles  ;  it  is  attached  to  the  basis  cranii  above,  and  is 
continued  without  interruption  into  the  thorax  below.  In  a  lateral  direction  it  extends  behind  the 
main  vessels,  and  contributes  to  the  formation  of  their  sheath.  It  will  be  seen,  therefore,  that  it 
constitutes  a  fascial  partition  between  the  posterior  or  muscidar  and  the  anterior  or  visceral  com- 
partment of  the  neck  (fig.  56).  It  extends  outwards  below,  over  the  scalene  muscles,  into  the 
posterior  triangle,  where  it  overlies  the  subclavian  vessels  and  the  cords  of  the  brachial  plexus, 
and  is  continued  downwards  with  these  into  the  axilla. 

The  layer  of  the  deep  cervical  fascia  which  extends  between  the  lower  jaw  and  the  hyoid 
bone  sends  a  prolongation  deeply  inwards,  in  the  form  of  an  ensheathing  layer  or  capsule  for 
the  submaxillary  gland. 

Of  the  various  compartments  which  are  bounded  by  the  deep  cervical 
fascia,  the  most  important  is  that  which  is  included  between  its  pretracheal 
and  prevertebral  layers  (fig.  56) ;  it  contains  the  larynx  and  trachea,  the 
lower  part  of  the  pharynx  and  the  oesophagus,  the  thyroid  gland  and 
the  large  vessels,  all  of  which  are  surrounded  by  loose  cellular 
tissue.  The  advantage  of  this  is  obvious  when  one  considers  the 
constant  movements  of  the  laryngo-tracheal  passage  and  of  the  oeso- 
phagus, and  the  expansion  which  the  latter  undergoes  with  each  act 
of  deglutition.  Were  it  not  for  this  laxity  of  their  surroundings,  swellings 
of  the  neck,  either  liquid  or  solid,  would  be  very  liable  to  exert  a  serious 
degree  of  compression  upon  these  passages,  sufficient  perhaps  to  obstruct 
their  lumen ;  as  it  is,  they  yield  to  pressure,  and  take  up  a  position  to 
one  side  of  the  middle  line.  The  pretracheal  compartment  is  continued 
behind  the  sternum  into  the  thorax,  and  on  each  side  it  is  found  to  com- 
municate behind  the  clavicle  with  the  axillary  space.  It  will  therefore 
be  evident  that  a  collection  of  pus  within  it  may  spread  for  a  consider- 
able distance  beyond  the  site  primarily  affected.  It  has  been  asserted 
that  the  omo-hyoid  muscles  by  their  contraction  render  the  pretracheal 
fascia  tense,  and  in  this  way  protect  the  larger  veins  from  being  unduly  com- 
pressed by  the  sterno-mastoids  when  these  are  thrown  forcibly  into  action. 
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THE  SUBMAXILLARY  REGION. 

Anatomical  Resumed — The  superficial  tissues  which  invest  the  submaxillary  region  include 
the  skin,  the  subcutaneous  fatty  tissue,  very  variable  in  amount,  and  the  platysma  muscle, 
together  with  certain  blood-vessels  and  nerves.  The  superficial  arteries,  which  are  small  and 
insignificant,  are  furnished  by  the  submental  branch  of  the  facial.  There  are  considerable 
numbers  of  small  superficial  veins  arranged  here  in  a  plexiform  manner,  and  their  larger  stems 
appear  to  converge  for  the  most  part  to  the  two  anterior  jugular  veins.  The  facial  vein 
pursues  a  superficial  course  downwards  and  backwards  across  the  space,  from  the  anterior  border 
of  the  masseter  muscle  to  its  termination  in  the  internal  jugular  (fig.  57).  The  nerves  are 
derived  from  the  superficial  cervical  nerve  and  from  the  infra-maxillary  division  of  the  facial 
nerve.  The  deep  fascia  extends  from  the  lower  border  of  the  jaw  to  the  hyoid  bone,  but  is  very 
variable  in  its  development.  In  front  it  is  extremely  weak,  but  is  more  strongly  developed 
at  the  side,  where  it  overlies  the  submaxillary  gland  and  approaches  the  carotid  region.  By 
removing  this  fascia  completely  the  deeper  parts  are  exposed  to  view,  and  it  will  then  be  seen  that 
the  entire  space  is  readily  divisible  into  three  areas :  (l)  a  median,  viz.,  the  submental  triangle, 
which  is  common  to  both  sides  (fig.  58) ;  (2)  the  digastric  triangle  ;  and  (3)  the  angular  interval 
which  is  included  between  the  digastric  and  stylo-hyoid  muscles  above  and  the  great  cornu  of 
the  hyoid  bone  below. 

The  submental  triangle  has  its  apex  at  the  symphysis  menti  and  its  base  at  the  hyoid 
bone  ;  its  sides  are  formed  by  the  anterior  bellies  of  the  digastric  muscles,  and  its  floor  by  the 
mylo-hyoid  muscles,  which  are  connected  by  a  fibrous  median  raphe.  As  a  rule,  one  or  two 
small  lymphatic  glands  are  found  near  the  apex  of  the  triangle  (fig.  58). 

The  digastric  triangle  has  its  base  formed  by  the  lower  border  of  the  jaw,  and  by  a  line 
continued  backwards  from  this  to  meet  the  mastoid  process ;  its  apex  is  at  the  hyoid  bone,  and 
corresponds  to  the  intermediate  tendon  of  the  digastric  muscle.  The  submaxillary  gland  is  the 
most  conspicuous  object  which  it  contains,  and  when  this  is  separated  from  its  fascial  sheath  and 
turned  upwards,  the  floor  of  the  space  is  brought  into  view  ;  it  is  formed  by  the  mylo-hyoid 
muscle  in  front  and  by  the  hyo-glossus  muscle  behind  (fig.  57).  The  hypoglossal  nerve, 
accompanied  by  the  main  lingual  vein,  crosses  the  latter  muscle  and  disappears  beneath  the 
mylo-hyoid,  and  in  so  doing  helps  to  bound  a  small  triangular  area,  the  apex  of  which  is  situated 
at  the  intermediate  tendon  of  the  digastric  ;  its  anterior  boundary  is  formed  by  the  posterior 
margin  of  the  mylo-hyoid  muscle,  its  posterior  boundary  by  the  digastric  a'nd  stylo-hyoid,  and  its 
floor  by  the  hyo-glossus  muscle.  The  lingual  artery  at  this  level  lies  beneath  the  last  named 
muscle  (fig.  57),  and  it  is  here  that  it  is  usually  exposed  for  the  application  of  a  ligature,  hence 
the  name  of  the  space,  '  lingual  triangle. '  The  other  structures  contained  within  the  digastric 
triangle  are,  the  facial  artery,  which  sends  its  large  submental  branch  forwards  beneath  the  jaw, 
the  greater  number  of  the  submaxillary  lymphatic  glands,  the  mylo-hyoid  vessels  and  nerve, 
and  a  quantity  of  loose  cellular  tissue,  which  is  directly  continuous  with  that  of  the  floor  of  the 
mouth  above  and  with  that  which  invests  the  pharyngeal  wall  and  the  main  vessels  which  are 
situated  deeply  at  the  side  of  the  neck. 

The  angular  interval  between  the  digastric  muscle  and  the  great  cornu  of  the 
hyoid  bone  (fig.  57)  widens  out  posteriorly  where  it  comes  into  close  relationship  with  the 
external  carotid  artery,  and  with  its  lingual  and  facial  branches.  The  line  of  attachment  of 
the  hyo-glossus  muscle  extends  back  to  the  tip  of  the  great  cornu,  and  the  lingual  artery  runs 
above  and  parallel  to  this  latter,  but  beneath  the  muscle.  The  hypo-glossal  nerve  curves 
forwards,  above  the  artery,  but  is  superficial  to  the  hyo-glossus  muscle,  and  disappears  beneath 
the  digastric  and  stylo-hyoid  muscles. 

The  mylo-hyoid  muscle  forms  a  well  defined  boundary  or  diaphragm  between  the 
submaxillary  region  and  the  floor  of  the  mouth.  If,  in  the  course  of  dissection,  the  muscle  be 
divided  close  to  its  mandibular  attachments  and  thrown  downwards,  the  following  structures  will 
be  found  in  relation  to  its  deep  or  upper  surface  on  each  side :  the  genio-hyoid  muscle,  part  of 
the  genio-byo-glossus  and  the  hyo-glossus  muscles,  the  mucous  membrane  of  the  floor  of  the 
mouth,  the  deep  prolongation  of  the  submaxillary  gland  and  Wharton's  duct,  the  lingual 
nerve  and  the  submaxillary  ganglion,  the  sublingual  gland,  occupying  a  depression  on  the  inner 
aspect  of  the  jaw  close  beside  the  frsenum  linguae,  the  lingual  artery  in  its  third  or  terminal 
stage  ascending  to  the  deep  surface  of  the  tongue,  and  the  hypoglossal  nerve.  As  the  latter  lies 
upon  the  hyo-glossus,  it  becomes  somewhat  flattened  and  breaks  up  into  its  terminal  muscular 
branches.  Behind  the  mylo-hyoid  muscle  there  is  no  definite  boundary  between  the  floor  of  the 
mouth  and  the  submaxillary  space.  It  is  to  be  noted  further  that  the  posterior  part  of  this  space 
is  related  in  a  deep  direction  to  the  tonsillar  region  of  the  pharynx.  This  is  readily  ascertained 
by  placing  one  finger  upon  the  tonsil  while  another  rests  immediately  below  and  behind  the 
angle  of  the  jaw  externally. 

In  the  ordinary  attitude  of  the  head,  the  submaxillary  space  is  well 
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protected  by  the  projecting  jaw,  and  consequently  injuries  of  this  part 
are  not  common. 

The  superficial  tissues  enjoy  a  very  free  range  of  mobility,  and  this 
property  is  made  use  of  in  certain  plastic  operations  which  have  been 
devised  for  the  restoration  of  the  whole  or  greater  part  of  the  lower  lip 
in  cases  of  extensive  epitheliomatous  disease,  or  for  the  correction  of 
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FlG.  57.— Dissection  of  the  Submaxillary  and  Carotid  Triangles  of  the  Neck.  The  submaxillary 
gland  has  been  turned  upwards  and  the  lingual  triangle  exposed,  i.e.  the  space  which  is 
bounded  in  front  by  the  mylo-hyoid ;  behind,  by  the  digastric  and  stylo-hyoid  muscles, 
and  above,  by  the  hypoglossal  nerve.  The  floor  of  the  triangle  is  formed  by  the  hyo- 
glossus  muscle  which  o\erlies  the  second  stage  of  the  lingual  artery — shown  in  illus- 
tration as  a  double  dotted  line.  Observe  the  lymphatic  glands  beneath  the  symphysis 
menti,  and  those  in  relation  to  the  spinal  accessory  nerve  where  it  sinks  beneath  the  sterno- 
mastoid  muscle.  The  internal  laryngeal  nerve  is  seen  below  the  lingual  artery,  piercing  the 
lateral  part  of  the  thyro-hyoid  membrane  in  company  with  the  superior  laryngeal  artery. 

deformities  following  severe  burns,  etc.  This  mobility,  too,  facilitates 
the  raising  of  flaps  consisting  of  the  superficial  tissues  when  it  is 
desired  to  open  up  the  space  in  the  course  of  certain  surgical  procedures, 
such  as  excision  of  the  tongue  through  the  submaxillary  space  or  the 
removal  of  diseased  submaxillary  glands. 

The  Submaxillary  Lymphatic  Glands  are  scattered  throughout 
the  space,  and  vary  on  an  average  from  twelve  to  fifteen  in  number. 
The  more  superficial  are  situated  along  the  lower  border  of  the  jaw, 
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others  lie  in  the  loose  tissue  between  the  submaxillary  gland  and  the 
mylo-hyoid  muscle;  one  or  two  are  usually  present  at  the  anterior  part 
of  the  submental  triangle,  and  others  have  been  described  as  situated 
between  the  submaxillary  gland  and  its  capsule.  They  are  collectively 
brought  into  communication,  by  means  of  their  afferent  vessels,  with  a 
very  wide  lymphatic  area,  which  includes  the  central  part  of  the  forehead, 
the  inner  part  of  the  eyebrow,  the  anterior  facial  region,  the  buccal  cavity, 
the  tongue,  teeth,  gums,  and  pharynx.  It  will  not  be  surprising,  there- 
fore, when  it  is  stated  that  the  submaxillary  glands  are  frequently 
the  seat  of  disease  in  consequence  of  infection  reaching  them  from  these 
sources.  Tubercular  enlargement  is  particularly  common,  and  an  acutely 
painful  swelling  of  one  or  more  of  the  glands  situated  beneath  the 
angle  of  the  jaw  is  a  very  usual  complication  of  the  faulty  eruption  of  a 
lower  wisdom  tooth.  Metastatic  involvement  of  these  glands  takes 
place,  as  a  rule,  sooner  or  later,  in  cases  of  epitheliomatous  disease 
originating  in  the  lips  or  tongue.  When  the  gland  enlargement  is  not 
marked  it  may  easily  escape  notice  unless  the  precaution  be  taken  of 
depressing  the  chin  and  relaxing  the  tissues,  especially  the  deep  cervical 
fascia,  so  that  the  finger-tips  can  be  thrust  deeply  into  the  space  from 
below. 

Submaxillary  Abscess  is  a  very  frequent  pathological  condition,  and 
is  commonly  the  result  of  septic  infection  travelling  along  the  lymphatics 
from  the  interior  of  the  mouth.  It  may  develop  either  in  the  glands 
(lymphadenitis),  or  in  the  lymphatic  vessels  themselves  (lymphangitis, 
cellulitis),  or  in  both.  A  very  acute  form  is  that  which  has  been 
described,  in  connection  with  the  floor  of  the  mouth,  as  submaxillary 
cellulitis  (Ludwig's  Angina).  An  abscess  in  the  submaxillary  region 
is  not  infrequently  the  result  of  fracture  or  disease  of  the  lower  jaw. 
The  discharges  which  collect  in  the  immediate  vicinity  of  the  bone, 
not  finding  ready  exit  by  the  mouth,  gravitate  deeply  and  set  up 
extensive  suppuration  in  the  loose  connective  tissue  throughout  the 
space.  Early  and  free  incisions,  which  will  ensure  good  drainage,  are 
always  urgently  demanded  in  these  cases  (see  p.  168). 

The  Submaxillary  Gland  Proper  occupies  a  large  part  of  the  digastric  triangle,  and  to 
some  extent  overlaps  the  posterior  division  of  the  digastric  muscle  below  and  behind  (fig.  58). 
It  is  partially  concealed  beneath  the  jaw — this  relationship  being  well  seen  in  fig.  31 — and  by 
its  deep  surface  rests  upon  the  mylo-hyoid,  hyo-glossus,  and  stylo-glossus  muscles,  the  lingual 
and  hypoglossal  nerves,  and  the  posterior  belly  of  the  digastric  muscle.  It  is  thick  and  bulky 
behind,  but  tapers  towards  its  anterior  extremity.  A  deep  prolongation  from  the  gland  extends 
beneath  the  mylo-hyoid  muscle,  and  is  accompanied  by  the  duct  (Wharton's)  which  opens  upon 
the  summit  of  a  small  papilla  beside  the  frsenum  linguae  (fig.  47).  The  facial  artery  at  first  lies 
in  relation  to  the  deep  aspect  of  the  gland,  and  takes  a  bend  between  it  and  the  jaw  before  cross- 
ing the  latter  in  front  of  the  masseter  muscle  (fig.  31).  The  facial  vein  is  related  to  the  super- 
ficial aspect  of  the  gland,  lying  outside  its  capsule,  and  crossing  it  obliquely  from  before 
backwards  and  downwards.  The  lower  part  of  the  parotid  gland  sometimes  lies  very  close  to, 
and  may  even  overlap,  the  submaxillary  gland  ;  between  the  two,  however,  there  is  a  process  of 
the  deep  cervical  fascia.  The  external  carotid  artery  and  the  internal  jugular  vein  are  suffi- 
ciently near  to  be  regarded  as  important  posterior  relationships. 

The  Submaxillary  Gland  contrasts  remarkably  with  the  parotid  in 
the  following  important  respects  :  it  is  loosely  connected  with  its  capsule, 
and  can  be  enucleated  with  comparative  facility  ;  it  is  not  traversed  by 
structures  of  importance,  it  does  not  penetrate  deeply,  and  it  is  much 
more  accessible  than  the  parotid  gland. 
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It  is  to  be  remembered  that  one  or  more  lymphatic  glands  may  lie 
between  the  submaxillary  gland  and  its  sheath,  and  that  their  enlarge- 
ment may  be  mistaken  for  that  of  the  gland  itself.  Malignant  disease 
of  the  latter,  however,  is  sometimes  noted  as  a  primary  affection,  but 
much  more  commonly  it  is  implicated  by  extension  of  the  disease  from 
some  of  the  structures  in  its  vicinity,  viz.,  the  tongue,  the  floor  of  the 
mouth,  the  lower  jaw,  or  the  adjoining  lymphatic  glands.  A  malignant 
growth  in  the  submaxillary  gland  sooner  or  later  becomes  adherent  to 
the  lower  jaw,  and  this  is  an  important  fact  which  should  be  borne  in 
mind  when  the  question  of  operative  treatment  is  under  consideration. 

The  possible  connection  between  the  submaxillary  gland  and  its 
duct  with  ranula  has  been  referred  to  in  the  applied  anatomy  of  the 
floor  of  the  mouth. 

The  Lingual  Artery  arises  from  the  anterior  aspect  of  the  external  carotid  above  the 
superior  thyroid  (fig.  57),  and  is  usually  divided  into  three  stages.  The  first  stage  extends 
from  the  origin  of  the  vessel  to  the  posterior  border  of  the  hyo-glossus  muscle  ;  it  arches 
over  the  tip  of  the  great  cornu  of  the  hyoid  bone,  lying  upon  the  middle  constrictor  of  the 
pharynx  and  upon  the  internal  laryngeal  nerve.  The  hypoglossal  nerve,  as  it  curves  forwards, 
is  usually  very  closely  related  to  the  upward  bend  taken  by  this  part  of  the  artery.  The  second 
stage  is  directed  horizontally  forwards,  above  and  parallel  to  the  great  cornu  beneath  the  hyo- 
glossus,  lying  upon  the  middle  constrictor  and  the  genio-hyo-glossus  muscles.  The  third  stage 
extends  from  the  anterior  border  of  the  hyo-glossus  to  the  tip  of  the  tongue  (fig.  47)  ;  it  pursues 
a  very  tortuous  course,  and  is  also  known  as  the  ranine  artery.  It  traverses  the  substance  of  the 
tongue,  lying  between  the  genio-hyo-glossus  and  the  lingualis  inferior,  and  is  accompanied  by 
the  lingual  nerve. 

The  principal  branches  of  the  artery  are,  (l)  hyoid  in  the  first  stage,  (2)  dorsalis  lingua 
in  the  second,  and  (3)  sublingtial  in  the  third.  The  lingual  veins  do  not  all  accompany  the  artery  ; 
the  largest  associates  itself,  as  a  rule,  with  the  hypoglossal  nerve  {satellite  vein),  and  passes  back- 
wards beneath  the  latter  to  join  the  internal  jugular  vein  (fig.  57).  The  artery  itself  is  accom- 
panied by  two  small  venae  comites. 

Ligature  of  the  Lingual  Artery  is  usually  performed  as  a  preliminary 
step  in  excision  of  the  tongue,  in  order  that  the  concluding  steps  of  the 
operation  may  be  as  bloodless  as  possible.  The  constancy  in  the 
position  of  this  artery,  and  the  valuable  guide  to  it  afforded  by  the  great 
cornu  of  the  hyoid  bone,  tend  materially  to  facilitate  the  procedure  and 
render  its  execution  rapid.  The  artery  may  be  ligatured  either  in  its 
first  stage,  i.e.  in  the  angular  interval  between  the  digastric  and  stylo- 
hyoid  muscles  above  and  the  hyoid  bone  below,  by  exposing  and  divid- 
ing the  fibres  of  the  hyo-glossus  muscle  above  the  great  cornu,  the  hypo- 
glossal  nerve  meanwhile  being  drawn  well  up  out  of  the  way,  or,  in  its 
second  stage,  within  the  digastric  triangle.  The  latter  is  the  favourite 
site  ('place  of  election1},  and  the  following  are  the  steps  of  the  operation: — A 
curved  incision  is  made  in  the  submaxillary  region,  commencing  in  front, 
beneath  the  symphysis  menti,  reaching  down  as  far  as  the  hyoid  bone 
and  upwards  close  to  the  angle  of  the  jaw  behind  ;  the  skin,  superficial 
fascia,  and  platysma  are  first  divided,  and  care  should  be  taken  to  avoid 
the  facial  vein,  which  lies  close  to  the  surface  at  the  posterior  part 
of  the  wound.  The  capsule  of  the  submaxillary  gland  is  exposed  and 
divided.  This  allows  the  lower  part  of  the  gland  to  be  shelled  out  of  its 
fascial  envelope  and  turned  upwards  (fig.  57).  The  floor  of  the  digastric 
space  is  thus  brought  into  view,  and  the  small  triangular  area  (lingual 
triangle}  already  described,  should  be  defined.  The  floor  of  the  triangle 
is  formed  by  the  hyo-glossus  muscle,  the  fibres  of  which  are  usually  quite 
distinct,  owing  to  the  extreme  thinness  of  their  fascial  covering.  The 
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parts  having  been  drawn  well  forward  by  a  blunt  hook  passed  beneath 
the  digastric  tendon,  the  fibres  of  the  hyo-glossus  muscle  are  divided 
about  a  quarter  of  an  inch  above  the  intermediate  tendon  of  the  digastric. 
The  artery,  when  exposed,  bulges  forwards  and  is  secured.  Care  should 
be  taken  to  avoid  the  hypoglossal  nerve ;  it  may  need  to  be  hooked 
upwards  out  of  the  way. 

The  reader  is  recommended  at  this  stage  to  refer  to  the'account  given 
of  excision  of  the  tongue  through  the  submaxillary  space  (p.  165). 

The  Hyoid  Bone  consists  of  a  central  part  or  body,  and  of  two  pro- 
cesses on  each  side  which  are  known  as  its  greater  and  lesser  cornua  ; 
these  are  connected  to  the  body  of  the  bone  by  articulations  which 
permit  of  a  certain  range  of  movement,  but  in  advanced  life  it  is  very 
common  to  find  the  greater  cornua  fused  with  the  body. 

The  anterior  aspect  of  the  hyoid  bone  is  superficial  and  accessible  to 
palpation.  If  the  chin  be  slightly  raised,  the  entire  bone  may  be  grasped 
between  the  index  finger  and  the  thumb  and  moved  from  side  to  side, 
and  its  range  of  movement  is  such  that  the  great  cornua  may  be  made 
to  project  alternately  beneath  the  skin  at  the  side  of  the  neck. 

The  posterior  aspect  of  the  bone  which  is  concave  is  connected  to  the 
base  of  the  tongue  by  the  hyo-glossal  ligament,  and  to  the  epiglottis  by  a 
collection  of  fatty  and  fibrous  tissue — the  hyo-epiglottic  ligament ;  it  is 
also  related  to  the  upper  part  of  the  thyro-hyoid  membrane  and  the 
intervening  thyro-hyoid  bursa.  By  its  deep  aspect  the  great  cornu  is 
related  to  that  part  of  the  mucous  membrane  of  the  pharynx  which 
bounds  the  sinus  pyriformis  externally. 

The  hyoid  bone  is  an  important  centre  for  muscular  and  ligamentous  attachment. 
It  is  connected  (i)  to  the  tongue  by  the  hyo-glossus  and  genio-hyo-glossus  muscles  and  by  the 
hyo-glossal  ligament  (see  Tongue) ;  (2)  to  the  lower  jaw  by  the  mylo-hyoid,  genio-hyoid,  and 
digastric  muscles,  which  help  to  form  the  floor  of  the  mouth  ;  (3)  to  the  basis  crantiby  the  posterior 
belly  of  the  digastric,  the  stylo-hyoid  muscle,  and  the  stylo-hyoid  ligament  on  each  side ;  (4)  to  the 
larynx  by  the  thyro-hyoid  muscles  and  the  thyro-hyoid  membrane  ;  (5)  to  the  sternum  by  the 
sterno-hyoid  muscles ;  and  (6)  to  the  scapula  by  the  omo-hyoid  muscle.  It  gives  attachment 
also  on  each  side  to  the  middle  constrictor  of  the  pharynx. 

The  comparative  infrequency  of  fracture  of  the  hyoid  bone  is  to  be 
explained  by  its  elasticity,  its  mobility,  and  the  protection  which  it  receives 
from  the  lower  jaw.  A  fracture  may,  however,  result  from  severe  forms 
of  violence,  as  when  the  bone  is  forcibly  compressed  from  side  to  side  in  the 
act  of  throttling,or  is  driven  forcibly  back  wards  to  such  an  extent  as  to  open 
out  its  curve.  In  both  cases  the  fracture  will  probably  be  found  at  the 
junction  of  the  body  with  the  greater  cornu.  The  injury  is  apt  to  occasion 
considerable  difficulty  in  the  movements  of  the  tongue,  but  more 
especially  in  the  act  of  swallowing,  seeing  that  the  middle  constrictor  on 
that  side  has  lost  its  fixed  point  of  support. 


INFRA-HYOID  REGION. 

The  Infra-hyoid  Region,  as  already  mentioned,  extends  from  the 
hyoid  bone  to  the  suprasternal  notch,  and  its  superficial  anatomy  has 
been  described  with  that  of  the  neck  generally.  Its  central  portion,  better 
known  as  the  middle  line  of  the  neck,  contains  the  larynx  and  trachea, 
behind  which  are  situated  the  lower  part  of  the  pharynx  and  the  cervical 
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stage  of  the  oesophagus.  The  thyroid  gland  is  closely  connected  with 
both  trachea  and  larynx,  and  will  be  considered  in  conjunction  with 
these. 

The  Thyro-hyoid  Membrane  is  attached  below  to  the  median  notch,  and  to  the  upper 
border  and  superior  cornu  of  the  ala  of  the  thyroid  cartilage  on  each  side  ;  it  is  attached  above 
to  the  upper  border  of  the  body  of  the  hyoid  bone  on  its  deep  aspect  and  to  the  greater  cornua. 
Its  vertical  measurement  varies  between  one  and  one  and  a  half  inches.  Its  central  segment 
(fig.  58)  is  thick  and  strong,  but  it  is  much  thinner  on  each  side,  with  the  exception  of  its  posterior 
extremity,  which  forms  a  rounded  cord,  within  which  there  is  sometimes  contained  a  small 
cartilaginous  nodule  (cartilage  triticea\  Its  central  part  is  superficial,  being  merely  covered 
by  the  integument,  superficial  and  deep  fascia,  and  occasionally  by  the  pyramidal  lobe  of  the 
thyroid  gland  (fig.  58).  On  each  side,  however,  it  is  protected  by  the  sterno-hyoid,  omo-hyoid, 
and  thyro-hycid  muscles.  Beneath  the  latter  of  these  it  is  pierced  on  each  side  by  the  internal 
laryngeal  nerve  and  the  superior  laryngeal  artery  (fig.  57).  Between  the  anterior  aspect  of  the 
ligament  and  the  body  of  the  hyoid  bone  there  is  a  bursa — the  thyro-hyoid.  By  its  deep  aspect 
the  membrane  is  related  to  a  wedge-shaped  mass  of  fatty  tissue  (fig.  53)  which  connects  it  with  the 
epiglottis  and  the  aryteno-epiglottidean  folds,  and  is  continuous  above  with  that  which  connects 
the  epiglottis  to  the  hyoid  bone,  and  the  root  of  the  tongue.  The  lateral  part  of  the  membrane  is 
related  deeply  to  that  portion  of  the  mucous  membrane  of  the  pharynx  which  lines  the  sinus 
pyriformis. 

The  mode  of  attachment  of  the  thyro-hyoid  membrane  to  the  upper  border  of  the  hyoid 
bone  enables  the  larynx  to  ascend  beneath  the  latter  in  the  movements  of  deglutition.  The 
vertical  depth  of  the  thyro-hyoid  space  depends  upon  the  varying  attitude  of  the  chin ;  it  is 
at  its  maximum  when  the  chin  is  fully  elevated,  but  it  may  be  quite  obliterated  when  the  chin  is 
depressed,  as  the  thyroid  cartilage  glides  upwards  so  as  to  become  concealed  beneath  the  arch 
of  the  hyoid  bone. 

Suicidal  Wounds  of  the  Throat. — The  thyro-hyoid  interval  is  a 
common  site  for  suicidal  wounds.  The  various  structures  divided  will 
be  readily  understood  from  the  account  of  the  relationships  of  the  mem- 
brane given  above.  Should  the  gash  be  deep,  the  epiglottis  will  be 
divided  and  the  pharynx  opened.  It  is  extraordinary  what  an  ex- 
tensive wound  may  be  inflicted  at  this  level  without  immediately  fatal 
consequences.  The  posterior  wall  of  the  pharynx  and  even  the  pre- 
vertebral  muscles  may  be  gashed  without  any  vessel  of  magnitude  being 
encountered.  This  is  explained,  in  the  first  place,  by  the  absence  of 
vessels  of  importance  in  the  thyro-hyoid  region,  and  by  the  mobility  of  the 
large  vessels  (carotid  artery  and  internal  jugular  vein},  a  property  which 
enables  them  to  recede  before  the  knife,  especially  when  its  cutting  edge 
is  not  very  sharp.  The  superior  thyroid  artery,  however,  which  arises  from 
the  external  carotid  artery  at  this  level  is  sometimes  wounded.  Division 
of  the  internal  laryngeal  nerve  would  be  a  serious  complication,  in  con- 
sequence of  the  resulting  anaesthesia  of  the  laryngeal  mucous  membrane, 
which  would  permit  particles  of  food,  etc.  to  enter  the  air  passages  and 
set  up  a  septic  broncho-pneumonia.  The  upper  detached  part  of  the 
divided  epiglottis,  which  still  retains  its  connection  with  the  hyoid  bone 
and  base  of  the  tongue,  may  hang  down  and  partially  obstruct  the 
laryngeal  orifice. 

Infra-hyoid  Pharyngotomy  has  been  described  with  the  applied 
anatomy  of  the  pharynx  (p.  183).  The  opening  which  it  provides  is  but 
little  adapted  for  intra-laryngeal  manipulations  ;  it  affords  access  to  the 
upper  extremities  of  the  arytaenoid  cartilages,  to  the  upper  laryngeal 
aperture,  and  to  the  upper  part  of  the  posterior  wall  of  the  pharynx. 
This  operation  has  been  performed  for  the  removal  of  foreign  bodies  from 
the  larynx  or  pharynx,  and  also  for  the  removal  of  tumours  originating  in 
these  parts  or  in  the  epiglottis. 
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The  Thyro-hyoid  Bursa  occasionally  attains  abnormal  proportions, 
forming  a  rounded,  fluctuating  cyst  in  the  middle  line  of  the  neck,  which, 
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FlG.  58. — Dissection  of  the  anterior  region  of  the  neck.  In  the  submaxillary  or  supra-hyoid 
region  note  the  triangular  area,  bounded  laterally  by  the  digastric  muscles,  the  mylo- 
hyoid  muscles  forming  its  floor.  In  the  iufra-hyoid  region  observe,  from  above  downwards, 
the  thyro-hyoid  membrane,  the  thyroid  cartilage,  the  crico-thyroid  membrane  crossed  by  crico- 
thyroid  artery,  the  anterior  arch  of  the  cricoid  cartilage,  the  first  tracheal  ring,  and  beneath 
this,  the  isthmus  of  the  thyroid  gland,  and  the  lower  cervical  segment  of  the  trachea,  with 
the  inferior  thyroid  veins  descending  in  front  of  it.  The  depressor  muscles  of  the  hyoid  bone 
— omo-hyoid,  sterno-hyoid,  and  sterno-thyroid — have  been  reflected  upon  the  left  side  in 
order  to  show  the  superficial  aspect  of  the  thyroid  gland  and  the  large  vessels  in  this 
region  of  the  neck. 
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by  its  size,  may  incommode  the  movements  of  the  larynx.  The  most 
suitable  treatment  is  enucleation  and  excision  of  its  sac. 

THE  LARYNX. — The  larynx  is  the  organ  of  the  voice  ;  it  is  situated 
at  the  upper  part  of  the  respiratory  tract,  hi  direct  line  of  communication 
with  the  trachea  and  bronchi,  and  conveys  air  to  and  from  the  lungs.  It  is 
made  up  of  a  series  of  cartilages,  two  of  which,  the  thyroid  and  cricoid,  are 
much  larger  than  the  others,  and  constitute  the  principal  part  of  its  frame- 
work. These  cartilages  articulate  with  each  other  by  diarthrodial  joints, 
and  certain  of  them,  especially  the  arytaenoids,  have  a  considerable  range 
of  movement.  They  give  attachment  to  a  number  of  small  muscles  (the 
intrinsic  muscles  of  the  larynx),  the  action  of  which  is  of  a  highly  co- 
ordinated character,  and  is  mainly  instrumental  in  regulating  the  tension 
or  altering  the  relative  positions  of  the  vocal  cords  with  regard  to  each 
other.  The  larynx  is  lined  throughout  with  mucous  membrane,  which  is 
continuous  with  that  of  the  pharynx  above  and  with  that  of  the  trachea 
below. 

The  level  of  the  larynx  varies  somewhat  with  the  age  and  sex  of  the 
individual,  being  considerably  higher  in  the  child  than  in  the  adult,  and 
higher  in  the  female  than  in  the  male.  In  the  greater  part  of  its  extent 
it  forms  a  median  projection  in  the  neck,  interposed  between  the  main 
vessels,  and  extending  from  the  upper  border  of  the  thyroid  to  the  lower 
border  of  the  cricoid  cartilage,  which  is  situated  at  the  level  of  the  sixth 
cervical  vertebra.  These  cartilages  are  easily  palpated  in  the  living,  and 
also  the  gap  between  them,  which  is  occupied  by  the  crico-thyroid  mem- 
brane. A  small  portion  of  the  larynx  exceeds  the  upper  level  of  the 
thyroid  cartilage ;  it  corresponds  to  the  upper  wide  portion  of  the 
epiglottis  and  the  adjoining  portions  of  the  aryteno-epiglottidean  folds ; 
these  are  hidden  beneath  the  thyro-hyoid  membrane,  and  have  been 
alluded  to  in  connection  with  wounds  inflicted  at  this  level. 

The  larynx  possesses  a  considerable  range  of  mobility.  It  moves 
up  and  down  with  each  effort  of  deglutition,  and  slightly  also  during 
respiration ;  it  is  capable,  too,  of  undergoing  movement  in  a  lateral 
direction,  but  of  a  purely  passive  nature,  such  as  may  be  effected  by  the 
hand  or  by  a  tumour  growing  in  close  proximity. 

The  posterior  aspect  of  the  larynx  projects  free  within  the  cavity  of 
the  pharynx,  and  is  covered  by  the  mucous  membrane  of  this  passage, 
but  as  the  latter  is  flattened  from  before  backwards,  its  lumen  is 
represented  by  a  transverse  slit,  and  the  larynx  appears,  in  a  sagittal 
section,  in  close  relationship  with  the  front  of  the  spine  (fig.  53). 

External  relationships  of  the  Larynx.— In  the  middle  line,  the  larynx  is  quite  superficial, 
being  covered  merely  by  the  skin,  subcutaneous  tissue,  and  the  deep  fascia — white  line  of  the 
neck.  The  crico-thyroid  membrane  is  crossed  by  the  crico-thyroid  artery,  a  branch  of  the 
superior  thyroid,  and  is  partly  concealed  by  the  crico-thyroid  muscles.  The  anterior  jugular 
veins,  which  vary  considerably  in  size,  descend  close  beside  each  other  in  the  subcutaneous 
tissue. 

On  each  side  of  the  middle  line,  the  larynx  is  covered  by  the  sterno-hyoid,  sterno-thyroid, 
thyro-hyoid  muscles,  and  also  by  the  anterior  belly  of  the  omo-hyoid.  Furthermore,  the  upper 
pointed  extremity  of  the  lateral  lobe  of  the  thyroid  gland  on  each  side  is  closely  applied  against 
the  side  of  the  cricoid  and  the  lower  part  of  the  ala  of  the  thyroid  cartilage,  and  not  infrequently 
an  upward  prolongation  of  the  gland — the  pyramidal  lobe—  ascends  in  front  of  the  larynx  close 
to  the  middle  line  as  far  as  the  hyoid  bone  (fig.  58).  The  posterior  aspect  of  the  larynx,  as 
stated  above,  projects  into  the  interior  of  the  pharynx.  At  its  lateral  extremity  on  each  side 
there  is  a  deep  recess — pharyngo-laryngeal — the  upper  part  of  which  has  received  the  name  of 
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pyriform  fossa.     The  mucous  membrane  which  covers  this  aspect  of  the  larynx  is  very  lax  in 
structure  and  is  freely  movable. 

The  upper  aperture  or  inlet  of  the  Larynx  is  very  obliquely  placed.  When  the  parts 
are  at  rest,  it  presents  an  oval  outline,  and  looks  almost  directly  backwards.  It  is  bounded 
in  front  by  the  epiglottis,  behind  by  the  summits  of  the  arytenoid  cartilages,  and  the  inter- 
arytenoid  notch,  and  on  each  side  by  the  aryteno-epiglottidean  fold.  The  latter  usually 
presents  two  small  elevations  posteriorly  at  its  free  border.  The  inner  of  these  adjoins  the  inter- 
arytenoid  notch,  and  is  formed  by  the  cartilage  of  Santorini ;  the  outer  is  caused  by  the 
cuneiform  cartilage,  and  also  by  an  accumulation  of  mucous  glands  at  this  level.  During  life, 
however,  the  shape  of  the  inlet  is  constantly  changing,  owing  to  the  incessant  movements  of  the 
epiglottis  and  arytenoid  cartilages. 

The  lower  aperture  or  the  laryngeal  outlet,  which  corresponds  to  the  lower  border  of 
the  cricoid  cartilage,  marks  the  junction  of  the  larynx  with  the  trachea ;  it  is  cylindrical  in 
outline,  and  is  situated  approximately  in  the  horizontal  plane. 

The  interior  of  the  Larynx  is  lined  throughout  by  mucous  membrane,  and  presents  for 
examination  two  conspicuous  folds  on  each  side,  directed  from  before  backwards,  and  situated 
one  above  the  other.  Both  encroach  upon  the  lumen  of  the  passage,  especially  the  lower,  and 
help  to  subdivide  it  into  an  upper,  middle,  and  lower  compartment ;  they  are  known  as  the 
vocal  cords.  The  lower  pair,  by  their  vibratory  movements,  are  instrumental  in  producing  the 
voice,  and  have  consequently  been  termed  the  true  -vocal  cords.  The  upper  pair  do  not  contribute 
in  the  production  of  the  voice,  and  are  known  as  the  false  vocal  cords  ;  they  are  not  so  strongly 
developed  as  the  true  cords,  and  are  separated  by  a  much  wider  interval.  Structurally,  each 
of  the  false  vocal  cords  consists  of  a  fold  of  mucous  membrane  of  a  pale  pink  colour,  and 
contains  numerous  mucous  glands.  5 

The  True  Vocal  Cords,  or  infifc-ior  thyro-arytenoid  ligaments,  are  attached  in  front  at 
the  angle  of  junction  of  the  two  aide  "of  the  thyroid  cartilage,  midway  between  the  median 
notch  and  lower  border,  from  whence  they  pass  backward,  and  obtain  attachment  to  the  anterior 
aspect  of  the  processus  vocalis  of  the  arytenoid  cartilage.  They  are  composed  for  the  main  part 
of  white  fibrous  tissue,  and  the  overlying  mucous  membrane  is  very  thin  and  adherent.  The  upper 
aspect  of  each  cord  is  slightly  concave,  and  forms  the  floor  of  the  ventricle  larynx,  and  by  its 
outer  border  it  is  attached  to  the  side  wall  of  the  larynx. 

The  Glottis  is  the  slit-like  space  which  is  bounded  on  each  side  by  the  true  vocal  cord 
and  by  the  inner  border  of  the  basal  extremity  of  the  arytenoid  cartilage.  It  is  the  narrowest 
part  of  the  interior  of  the  larynx.  Its  length  in  the  male  varies  from  25  to  30  mm.  ;  in  the 
female  it  measures  from  20  to  23  mm.  Its  anterior  two-thirds,  which  are  bounded  by  the  true 
vocal  cords,  viz.,  its  membranous  segment,  is  known  as  the  pars vocalis ;  its  posterior  or  cartilaginous 
segment,  as  the  pars  reipiratoria.  Its  level  may  be  indicated  by  a  point  on  the  surface  corre- 
sponding to  the  middle  of  the  ridge  connecting  the  alse  of  the  thyroid.  During  life,  the  shape 
of  the  glottis  is  constantly  changing,  both  in  the  production  of  the  voice  and  in  the  act  of  respira- 
tion. When  at  rest,  the  outline  of  the  glottis  resembles  that  of  an  attenuated  isosceles  triangle, 
the  base  of  which  is  behind,  and  is  formed  by  the  mucous  membrane  which  invests  the  arytenoideus 
muscle.  By  the  action  of  certain  of  the  intrinsic  muscles  of  the  larynx,  the  interval  may  be 
widened  or  narrowed.  In  the  former  case,  the  vocal  cords  are  wide  apart,  the  aperture  is 
lozenge-shaped,  the  point  of  maximum  convexity  on  each  side  corresponding  to  the  junction  of 
the  true  vocal  cord  with  the  processus  vocalis  of  the  arytsenoid  cartilage.  The  basal  portion  of 
the  glottis  also  widens  out  and  presents  a  curve,  the  concavity  of  which  is  directed  forwards. 
When  the  glottis  is  narrowed,  the  vocal  cords  approach  each  other,  and  may  touch  by  their 
inner  margins,  the  intervening  gap  being  reduced  to  a  mere  chink. 

The  Laryngeal  Compartments. — (i)  The  upper  compartment  or  vestibule  of  the  larynx 
extends  from  the  laryngeal  orifice  or  inlet  to  the  level  of  the  false  vocal  cords.  It  is  bounded  in 
front  by  the  epiglottis,  laterally  by  the  aryteno-epiglottidean  folds,  and  behind  by  the  interary- 
tenoid  fold.  The  posterior  aspect  of  the  epiglottis  presents  an  undulating  or  alternately  concavo- 
convex  surface  ;  the  principal  convexity  is  sometimes  referred  to  as  the  cushion  of  the  epiglottis. 

(2)  The  middle  compartment  of  the  larynx  corresponds  to  the  space  which  is  included 
between  the  true  and  false  vocal  cords,  and  to  a  recess  on  each  side  between  the  cords,  which  is 
named  the  ventricle  of  the  larynx.     Opening  off  the  front  of  the  ventricle  is  a  small  diverticulum 
or  sac — the  laryngeal  pouch — which  ascends  for  a  variable  distance  above  the  level  of  the  false 
vocal  cord,  and  is  bounded  by  the  latter  internally,  by  the  ala  of  the  thyroid  cartilage  externally. 

(3)  The   lower  laryngeal  compartment  extends  from   the  true  vocal   cords    to   the   lower 
extremity  of  the  larynx.     Its  vertical  extent  may  be  indicated  externally  by  a  line  drawn  from 
the  centre  of  the  median  ridge  of  the  thyroid  to  the  lower  border  of  the  cricoid  cartilage.      It 
passes  uninterruptedly  below  into  the  tracheal  passage. 

The  Mucous  Membrane  of  the  Larynx  possesses  a  very  loose  texture  in  the  greater  part 
of  its  extent,  but  especially  over  the  aryteno-epiglottidean  folds.  It  is  very  thin  and  adherent, 
however,  over  the  posterior  aspect  of  the  epiglottis  and  where  it  covers  the  true  vocal  cords.  In 
the  lower  laryngeal  compartment  the  mucous  membrane  forms  a  thin  layer  and  resembles  that  which 
lines  the  trachea.  The  surface  epithelium  is  mainly  columnar  ciliated,  but  over  the  true  vocal 
cords  it  is  of  the  compound  squamous  variety.  Islands  of  the  latter  are  also  found 
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cattered  throughout  the  interior  of  the  larynx  above  the  glottis.  The  mucous  membrane  is  rich 
in  mucous  glands,  but  there  are  none  over  the  true  vocal  cords,  although  they  abound  in  the 
wall  of  the  ventricle  which  lies  immediately  above,  and  also  over,  the  surfaces  of  the  false  vocal 
cords. 

Blood-vessels. — The  larynx  receives  three  arteries  on  each  side :  the  superior  laryngeal  and 
the  crico-thyroid  from  the  superior  thyroid  artery,  and  the  inferior  laryngeal  from  the  inferior 
thyroid  artery.  Within  the  larynx  these  vessels  subdivide  freely  and  form  very  fine  ramifications 
in  the  mucous  membrane.  The  vascularity  of  the  true  vocal  cords,  however,  is  slight,  and  this 
accounts  for  their  characteristic  white  colour,  which  contrasts  forcibly  with  the  pale  pink  colour 
of  the  remainder  of  the  interior  of  the  larynx. 

The  Laryngeal  Lymphatics  are  numerous,  and  are  especially  well  developed  where  the 
mucous  membrane  is  thick  and  loose.  The  larger  lymphatic  vessels  belonging  to  the  mucous 
membrane  above  the  glottis,  pass  upwards  and  outwards  ;  they  pierce  the  lateral  part  of  the 
thyro-hyoid  membrane,  and  end  in  one  or  more  glands  which  are  situated  between  the  great 
cornu  of  the  hyoid  bone  and  the  superior  cornu  of  the  thyroid  cartilage,  or  in  the  group  of 
glands  arranged  around  the  bifurcation  of  the  common  carotid  artery.  The  vessels  which 
lead  away  from  the  mucous  membrane  below  the  glottis  terminate  in  glands  which  are  situated 
on  each  side  of  the  trachea  ;  a  few  pierce  the  crico-thyroid  membrane  and  terminate  in  a  gland 
which  overlies  its  central  part. 

The  Laryngeal  Nerves  are  two  in  number  on  each  side,  superior  and  inferior. 

The  superior  latyngeal  neive,  which  arises  from  the  lower  part  of  the  trunk  ganglion  of  the 
vagus,  divides  into  two  branches,  viz.,  the  internal  and  external  laryngeal  nerves.  The  former 
pierces  the  lateral  part  of  the  thyro-hyoid  membrane  and  ramifies  beneath  the  mucous  membrane  ; 
it  is  almost  entirely  a  sensory  nerve. 

The  external  laryngeal  nerve  is  distributed  to  the  crico-thyroid  muscle. 

The  inferior  or  recurrent  laryngeal  nerve  is  mainly  a  motor  nerve,  and  is  destined  to  supply 
the  greater  number  of  the  intrinsic  muscles  of  the  larynx.  It  communicates  with  the  superior 
laryngeal  nerve. 

For  an  account  of  the  intrinsic  muscles  of  the  larynx,  the  reader  will  require  to  consult  a 
work  on  Systematic  Anatomy. 

The  Thyroid  Cartilage,  owing  to  its  strength  and  resisting  power, 
affords  valuable  protection  to  the  larynx  in  the  greater  part  of  its  extent, 
but  especially  at  the  level  of  the  vocal  cords.  Although  it  consists 
entirely  of  hyaline  cartilage  during  the  earlier  years  of  adult  life,  yet 
ossification  commences  in  it,  as  a  rule,  before  the  twentieth  year,  and 
continues  to  progress  until  the  greater  part  of  the  cartilage  is  trans- 
formed. The  ossification  appears  first  at  the  posterior  border  of  the  ala, 
subsequently  at  the  tubercle  on  its  lower  margin,  and  another  nucleus 
appears  still  later  at  the  angle, of  junction  of  the  laminae  in  front.  These 
ossifying  centres  gradually  increase  in  size,  and  ultimately  fuse  with  each 
other.  The  central  part  still  remains  cartilaginous,  although  the  surround- 
ing cartilage  may  be  completely  ossified.  Occasionally  the  entire  thyroid 
becomes  ossified. 

Fracture  of  the  Thyroid  Cartilage  is  observed  most  commonly  in 
elderly  subjects,  owing  no  doubt  to  the  increased  brittleness  which  it 
acquires  through  the  ossification  changes  just  noted.  Its  usual  mode  of 
causation  is  by  lateral  compression  of  the  two  alas,  and  its  direction  is  more 
or  less  vertical,  either  at  or  near  the  middle  line.  This  injury  may  have 
serious  consequences  through  subsequent  swelling  of  the  laryngeal  mucous 
membrane,  extravasation  of  blood  or  inward  displacement  of  the  frag- 
ments, one  or  all  of  which  conditions  may  dangerously  impede  respiration. 

Thyrotomy. — In  this  operation  a  vertical  incision  is  made  through 
the  thyroid  cartilage,  and  through  the  adjoining  parts  of  the  thyro-hyoid 
and  crico-thyroid  membranes,  and  when  the  wound  margins  are  held 
widely  apart  a  good  view  is  obtained  of  the  interior  of  the  larynx. 
The  opening  so  made  gives  a  very  satisfactory  view  of  the  vocal  cords, 
and  affords  an  excellent  route  by  which  to  approach  growths  originating 
in  these  structures ;  this  procedure  has  been  carried  out  also  for  the 
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purpose  of  removing  foreign  bodies  fixed  in  the  larynx.  The  incision 
through  the  skin  extends  from  just  below  the  hyoid  bone  to  the  upper 
border  of  the  cricoid  cartilage  ;  it  is  deepened  through  the  subcutaneous 
tissue  and  deep  fascia  between  the  adjacent  margins  of  the  sterno-hyoid 
muscles.  The  crico-thyroid  artery  can  usually  be  avoided  at  the  lower 
angle  of  the  wound.  The  thyroid  cartilage  had  best  be  divided  from 
within  outwards,  a  knife  or  one  of  the  blades  of  a  pair  of  scissors  having 
been  introduced  beneath  its  lower  margin  through  an  incision  in  the 
crico-thyroid  membrane.  By  adopting  this  device  the  vocal  cords  are 
less  liable  to  be  injured. 

Laryngotomy  (crico-thyrotomy)  consists  in  opening  the  larynx 
through  the  median  portion  of  the  crico-thyroid  membrane.  The  skin 
incision  is  vertical,  and  extends  from  the  middle  of  the  thyroid  to  the 
lower  border  of  the  cricoid  cartilage,  the  same  superficial  structures  being 
divided  as  in  the  last  operation.  The  membrane  is  divided  transversely, 
close  to  the  upper  border  of  the  cricoid  cartilage,  so  as  to  avoid  the  crico- 
thyroid  vessels. 

The  chief  drawback  to  this  operation  is  the  small  amount  of  space 
which  is  available  between  the  thyroid  and  cricoid  cartilages.  Should 
more,  however,  be  required,  an  incision  may  be  carried  vertically  in 
the  middle  line  through  the  cricoid  and  the  first  ring  of  the  trachea 
(laryngo-tracheotomy).  This  latter  procedure  is  especially  applicable  to 
young  subjects  in  whom  the  cartilages  are  pliable,  but  in  the  adult  the 
cricoid  cartilage  may  have  acquired  such  a  degree  of  rigidity,  owing  to 
ossification  changes,  that  it  may  be  impossible  to  retract  its  cut  margins 
to  an  extent  sufficient  to  allow  of  the  introduction  of  a  tube. 

Excision  of  the  Larynx. — In  complete  extirpation  of  the  larynx, 
which  is  sometimes  performed  for  malignant  disease,  a  vertical  incision 
is  made  from  the  centre  of  the  thyro-hyoid  membrane  down  to  a  point 
overlying  the  isthmus  of  the  thyroid  gland.  At  the  upper  extremity 
of  this  incision  another  is  made,  at  right  angles  to  it,  extending  across 
from  one  sterno-mastoid  muscle  to  the  other.  The  superficial  flaps  thus 
marked  out  are  raised  and  turned  aside ;  they  include,  in  addition  to  the 
skin  and  subcutaneous  tissue,  the  platysma  muscles,  the  deep  fascia,  and 
the  anterior  jugular  veins. 

The  parts  which  overlie  the  larynx  are  now  separated  Irom  it,  viz., 
the  sterno-hyoid,  sterno-thyroid,  thyro-hyoid,  and  omo-hyoid  muscles. 
The  thyroid  gland  is  displaced  downwards,  its  fascial  connections  with 
the  larynx  having  been  divided. 

The  attachments  of  the  inferior  constrictor  muscle  to  the  cricoid  and 
thyroid  cartilages,  also  those  of  the  stylo-pharyngeus  and  palato- 
pharyngeus  muscles,  are  divided  at  this  stage  on  both  sides,  the  main 
vessels  in  the  meantime  being  fully  retracted. 

The  larynx  is  next  set  free  above  by  dividing  the  thyro-hyoid 
membrane  transversely  and  freeing  the  attachments  of  the  epiglottis  to 
the  tongue  and  hyoid  bone  (hyo-epiglottic  and  glosso-epiglottic  ligaments). 

At  the  lateral  part  of  the  thyro-hyoid  membrane  the  superior 
laryngeal  artery  and  the  internal  laryngeal  nerve  are  divided,  after  which 
the  entire  larynx  is  drawn  forwards  and  separated  on  each  side  from  the 
pharynx  by  dividing  the  connecting  mucous  membrane.  Below  the 
cricoid  cartilage,  the  commencement  of  the  oesophagus  is  separated  from 
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the  back  of  the  trachea,  the  laryngeal  branches  of  the  inferior  thyroid 
arteries  and  recurrent  laryngeal  nerves  being  at  the  same  time  divided. 
Finally,  the  trachea  is  cut  across  at  its  upper  extremity  and  secured  in 
the  lower  angle  of  the  wound. 


FIG.  59. — The  parts  seen  with  the  laryn- 
goscope in  the  act  of  inspiration.  In 
front  of  the  mirror  observe  the  epi- 
glottis, which  appears  somewhat  like 
ascroll  curved  forwardsatits  summit; 
beneath  this  and  on  a  somewhat 
lower  level  is  the  slight  backward 
projection  known  as  the  cushion  of 
the  epiglottis.  Adjoining  the  pos- 
terior periphery  of  the  mirror  two 
elevations  are  seen  on  each  side  : 
the  outer  is  caused  by  the  cuneiform 
cartilage,  the  inner  by  the  cartilage 
of  Santorini  ;  they  are  contained 
within  the  layers  of  the  aryteno- 
epiglottidean  fold,  which  is  lost  from 

view  in  front,  where  it  disappears  beside  the  epiglottis.  The  true  vocal  cords  ap- 
pear as  two  white  bands  enclosing  an  elliptical  space,  viz.,  the  glottis;  the  false  vocal 
cords  are  situated  above  and  slightly  more  externally.  The  interval  between  the  true 
and  the  false  vocal  cords  on  each  side  is  represented  by  a  dark  line.  The  upper 
rings  of  the  trachea  are  seen  through  the  widely  opened  glottis.  In  the  prepara- 
tion of  this  illustration  the  author  received  valuable  assistance  from  Mr  Robert 
H.  Woods,  F.R.C.S.I. 


A  laryngoscopic  examination,  when  carried  out  with  the  aid  of 
suitable  mirrors  and  good  illumination,  affords  valuable  information  of 
the  interior  of  the  larynx  ;  the  treatment  of  certain  forms  of  intra- 
laryngeal  disease  also  is  facilitated,  owing  to  the  fact  that  the  affected 
parts  are  brought  under  the  direct  observation  of  the  surgeon.  Through- 
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out  the  examination  the  tongue  is  drawn  forwards  and  downwards  over 
the  lower  incisor  teeth,  the  space  between  its  dorsal  aspect  and  the 
roof  of  the  mouth  being  thereby  much  increased.  The  laryngeal 
mirror,  previously  heated,  is  introduced  and  brought  into  contact  with 
the  lower  surface  of  the  soft  palate,  which  it  presses  upwards  and 
backwards.  The  parts  which  first  appear  in  the  mirror  usually  are, 
the  epiglottis,  the  posterior  part  of  the  root  of  the  tongue,  and  the 
glosso-epiglottidean  folds  of  mucous  membrane.  The  fossa  on  each 
side  of  the  median  glosso-epiglottidean  fold  (vallecula)  sometimes 
lodges  a  foreign  body.  Should  an  cedematous  condition  of  the  mucous 
membrane  exist  in  front  of  the  epiglottis,  it  will  be  readily  recognised. 
By  rotating  the  mirror  slightly,  the  entrance  to  the  larynx  comes 
into  view,  limited,  as  already  described,  by  the  epiglottis  in  front  and  by 
the  aryteno-epiglottidean  folds  at  the  sides.  A  good  idea  of  the  appear- 
ances presented  will  be  obtained  from  fig.  59.  In  the  fig.  the  curved  outline 
of  the  free  margin  of  the  epiglottis  is  very  evident ;  this  leaf-like  structure, 
as  a  whole,  appears  foreshortened,  and  behind  the  central  part  of  its  free 
margin  a  small  projection  is  seen,  which  is  known  as  the  cushion  of  the  epi- 
glottis. The  aryteno-epiglottidean  folds  are  not  visible  in  their  entire  extent, 
as  their  anterior  extremities  are  concealed  beneath  the  lateral  margins  of 
the  epiglottis.  Each  fold  presents  two  rounded  elevations  posteriorly : 
the  inner  corresponds  to  the  cartilage  of  Santorini,  which  surmounts  the 
summit  of  the  arytenoid  cartilage ;  the  larger  elevation,  lying  in  front 
and  to  the  outer  side  of  this,  corresponds  to  the  cuneiform  cartilage. 
The  inter-arytenoid  fold  of  mucous  membrane  between  the  cartilages  of 
Santorini  varies  in  width  according  as  the  summits  of  the  arytenoid 
cartilages  approach  or  diverge  from  each  other.  The  true  vocal  cords 
which  bound  the  glottis  are  easily  recognised  by  their  pearly  white 
colour  and  their  strong  inward  projection.  If  their  movements  be 
watched  during  the  act  of  phonation,  it  will  be  observed  that  their 
direction  varies  with  the  production  of  the  different  tones  of  the  voice, 
as  in  the  effort  of  pronouncing  ah!  ah!  ee-ee!  In  the  former  case  the 
cords  separate  and  the  glottis  widens ;  in  the  latter  they  approximate 
each  other  and  the  glottis  is  reduced  to  a  linear  slit. 

Thz  false  vocal  cords,  which  lie  above  the  true,  are  much  wider  apart, 
and  are  covered  by  a  pink  mucous  membrane.  A  dark  linear  interval 
between  the  true  and  false  vocal  cords  on  each  side  indicates  the  entrance 
to  the  ventricle  of  the  larynx.  Under  favourable  conditions  and  with 
the  glottis  widely  open,  it  is  possible  to  obtain  a  view  of  the  interior  of 
the  trachea,  and  even  of  its  bifurcation. 

With  the  laryngoscope  one  may  also  get  a  view  of  the  sinus  pyri- 
formis,  or  the  recess  which  is  situated  on  each  side  of  the  middle  line  at 
the  back  of  the  larynx,  between  it  and  the  side  wall  of  the  pharynx. 

The  epiglottis  and  upper  part  of  the  larynx  are  accessible  for  ex- 
amination with  the  finger,  and  the  presence  of  a  foreign  body  can  some- 
times be  detected  in  this  way,  if  lodged  at  the  level  of  the  laryngeal 
inlet. 

The  Mucous  Membrane  of  the  Larynx  possesses  very  acute  sensi- 
bility, its  principal  sensory  nerves  being  the  two  internal  laryngeals.  Under 
normal  conditions  the  mere  contact  of  foreign  particles  of  any  sort  with 
the  mucous  surface  is  sufficient  to  call  forth  a  powerful  reflex  expulsive 
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effort  in  the  form  of  a  cough,  and  in  this  way  their  entrance  into  the 
lower  air  passages  is  prevented.  The  sensory  nerve  filaments  distributed 
within  the  larynx  may  be  regarded,  therefore,  as  possessing  a  sentinel 
function  of  a  highly  important  kind.  Should  one  or  both  internal 
laryngeal  nerves  be  divided  accidentally  or  in  the  course  of  some 
operative  proceeding,  the  subsequent  loss  of  laryngeal  sensibility  may 
allow  extraneous  matter  to  enter  the  air  passages  and  excite  acute 
pulmonary  inflammation  (septic  broncho-pneumonia). 

Inflammation  of  the  mucous  membrane  of  the  larynx,  or  cedematous 
laryngitis,  is  a  very  serious  affection,  owing  to  the  risk  of  asphyxia  super- 
vening in  consequence  of  the  impediment  offered  to  the  entrance  of  air 
by  the  tumefaction  of  the  mucous  membrane  both  within  and  surround- 
ing the  inlet  of  the  upper  laryngeal  compartment.  The  aryteno-epi- 
glottidean  folds  especially  are  capable  of  becoming  swollen  to  a  very 
considerable  extent  and  with  great  rapidity.  CEdema  of  the  glottis  is  a 
misnomer  for  this  affection — the  swelling  is  entirely  above  the  glottis; 
in  fact,  a  swollen  condition  of  the  true  vocal  cords  would  be  anatomically 
impossible,  as  the  mucous  membrane  which  covers  them  is  thin  and  very 
adherent,  and  the  tissue  of  which  they  are  composed  is  dense  and  un- 
yielding. 

Inflammation  is  liable  to  spread  to  the  mucous  membrane  of  the 
larynx  from  the  immediately  adjacent  regions,  i.e.  the  tongue,  the  tonsil, 
the  pharynx,  and  the  deeper  regions  of  the  neck. 

New  Growths  of  the  larynx  usually  assume  the  form  of  papillomata, 
and  have  their  origin  in  the  true  vocal  cords,  over  the  anterior  portions 
of  which  small  papillae  are  normally  present.  Owing  to  the  extreme 
sensitiveness  of  these  parts,  such  growths  are  prone  to  cause  distressing 
symptoms,  viz.,  spasm  of  the  glottis,  with  severe  dyspnoea,  and  perhaps 
suffocative  cough. 

Malignant  disease  of  the  Larynx  is  usually  of  the  nature  of  an 
epitheliomatous  growth,  which  commences,  as  a  rule,  in  the  mucous 
membrane  covering  one  of  the  true  vocal  cords,  and  unless  removed  at 
an  early  period  of  its  growth,  tends  to  invade  the  parts  around,  and  may 
even  infiltrate  the  bodies  of  the  cervical  vertebrae,  or  cause  fatal  haemor- 
rhage by  ulcerating  into  one  of  the  main  vessels.  Implication  of  the 
laryngeal  nerves  will  account  for  paralysis  of  the  intrinsic  muscles  and 
resulting  aphonia,  also  partial  or  complete  loss  of  sensibility  of  the 
mucous  membrane.  The  lymphatic  glands  which  overlie  the  bifurcation 
of  the  common  carotid  artery,  those  also  which  are  related  to  the 
posterior  part  of  the  thyro-hyoid  membrane  and  the  sides  of  the  trachea, 
and  even  those  in  the  supraclavicular  region,  are  liable  to  be  infected 
in  the  course  of  laryngeal  cancer.  In  inoperable  cases,  tracheotomy 
becomes  necessary  sooner  or  later,  in  consequence  of  the  cavity  of  the 
larynx  being  encroached  upon  by  the  growth  to  such  an  extent  as  to 
threaten  suffocation. 

THE  TRACHEA. — This  segment  of  the  respiratory  tract  commences  at  the  lower  border 
of  the  cricoid  cartilage,  in  front  of  the  sixth  cervical  vertebra,  and  ends  within  the  thorax, 
opposite  the  lower  border  of  the  fourth  dorsal  vertebra,  by  dividing  into  the  two  bronchi.  As 
it  descends  in  the  neck  in  company  with  the  oesophagus  it  retains  its  close  relationship  to  the 
vertebral  column,  and  consequently  recedes  more  and  more  from  the  surface,  until  it  is  separated 
from  the  skin  by  an  interval  of  one  and  a  half  inches  at  the  suprasternal  notch. 

The  cervical  stage  of  the  trachea  varies  in  length,  depending  upon  the  level  of  the  supra- 
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sternal  notch  and  the  position  of  the  head,  viz.,  according  as  the  chin  is  raised  and  the  neck  ex- 
tended, or  depressed  with  the  neck  bent  forwards.  In  the  ordinary  erect  position  of  the  head 
the  length  at  this  stage  varies  between  two  and  three  inches,  and  it  may  be  increased  by  almost 
an  inch  by  fully  elevating  the  chin. 

Relations  of  the  Trachea. — In  order  to  expose  the  anterior  aspect  of  the  trachea,  it  would  be 
necessary  to  remove  in  the  first  place  the  skin,  subcutaneous  tissue,  the  two  anterior  jugular  veins,  and 
the  general  investing  layer  of  the  deep  cervical  fascia,  which  splits  into  two  layers  above  the  sternum. 
The  sterno-hyoid  and  thyroid  muscles,  which  are  now  exposed,  are  ensheathed  by  the  pretracheal 
fascia,  and  are  separated  by  a  narrow  interval.  By  drawing  these  muscles  outwards  on  each  side 
the  thyroid  isthmus  is  brought  into  view  ;  it  overlies  the  second,  third,  and  fourth  tracheal  rings, 
and  it  also  is  ensheathed  by  an  expansion  from  the  pretracheal  fascia,  and  is  held  by  it  in  con- 
nection with  the  cricoid  cartilage.  Below  the  isthmus  the  trachea  is  concealed  by  a  quantity  of 
loose  fatty  tissue,  in  which  the  inferior  thyroid  veins  descend,  being  connected  in  their  down- 
ward course  by  several  cross  branches,  which  in  some  cases  present  a  plexiform  arrangement. 
At  the  level  of  the  suprasternal  notch  the  innominate  artery  and  the  left  innominate  vein  may 
overlie  the  trachea,  and  the  thyroidea  ima  artery,  when  present,  ascends  in  front  of  it  to  reach 
the  thyroid  isthmus. 

In  the  child  the  thymus  gland  ascends  above  the  suprasternal  notch  and  overlies  the  trachea. 
It  may  do  so  also  in  the  adult,  as  is  shown  by  fig.  60,  taken  from  a  female  subject  in  the  sixth 
month  of  pregnancy. 

Posteriorly,  the  trachea  is  in  contact  throughout  with  the  oesophagus,  and  the  recurrent 
laryngeal  nerve  on  each  side,  but  more  especially  on  the  left,  lies  in  the  sulcus  between  these  two 
passages. 

The  common  carotid  arteries  are  closely  related  to  the  trachea  at  the  root  of  the  neck 
(fig.  62) ;  they  gradually  diverge,  however,  as  they  ascend,  and  are  separated  by  the  lateral 
lobes  of  the  thyroid  gland,  both  of  which  are  accurately  moulded  against  the  trachea,  and  flatten 
it  somewhat  from  side  to  side. 

The  applied  anatomy  of  the  trachea  is  mainly  concerned  with  the 
operation  of  tracheotomy,  which  may  be  performed  either  above  or 
below  the  isthmus  of  the  thyroid  gland,  and  consequently  it  is  customary 
to  speak  of  high  and  low  tracheotomy.  It  will  be  obvious  from  what 
has  been  stated  with  regard  to  the  anterior  relations  of  the  trachea  that 
the  difficulties  to  be  encountered  and  the  risks  which  are  incurred  in- 
crease greatly  as  the  sternum  is  approached.  Not  only  is  the  trachea 
deeper  here,  but  it  is  related,  as  shown  above,  to  large  and  important 
vessels,  and  in  addition,  the  distance  between  the  thyroid  isthmus  and 
the  sternum  may  be  very  short.  For  this  reason,  high  tracheotomy 
should  always  be  performed  in  preference  to  the  low  operation. 

Tracheotomy  {High  Operation). — An  incision  is  made  accurately  in 
the  middle  line,  commencing  at  the  upper  limit  of  the  cricoid  cartilage, 
and  ending  about  an  inch  and  a  quarter  lower  down.  The  subcutaneous 
tissues  and  the  deep  fascia  having  been  divided,  the  wound  is  deepened  in 
the  interval  between  the  sterno-hyoid  and  sterno-thyroid  muscles  of  the 
two  sides,  the  anterior  jugular  veins  being  carefully  avoided.  The 
isthmus  of  the  thyroid  gland  is  exposed  and  drawn  downwards ;  this 
step,  however,  is  apt  to  be  prevented  to  some  extent  by  the  fascial 
connections  between  the  isthmus  and  the  larynx.  To  overcome  this 
a  snip  may  be  made  through  this  suspensory  fascia  at  the  lower  border 
of  the  cricoid  cartilage,  on  each  side  of  the  middle  line  ;  it  will  facilitate 
very  much  the  downward  displacement  of  the  isthmus,  which  in  children 
very  often  occupies  a  high  level,  reaching  perhaps  quite  up  to  the  cricoid 
cartilage. 

If  unusual  difficulty  be  encountered  in  exposing  the  trachea  to  the 
required  extent,  and  more  especially  if  the  case  is  one  of  extreme 
urgency,  it  will  be  advisable  to  extend  the  tracheal  incision  upwards, 
through  the  cricoid  cartilage,  and  into  the  crico-thyroid  membrane 
(laryngo-tracheotomy). 


INFRA-HYOID  REGION  207* 

In  view  of  the  fact  that  an  arterial  arch  of  considerable  size  not  in- 
frequently crosses  the  trachea  at  the  upper  border  of  the  thyroid  isthmus, 
division  of  the  latter  had  better  be  avoided,  for  fear  of  exciting  free 
haemorrhage  (see  thyroid  vessels). 

The  practical  significance  of  the  close  relationship  which  exists 
between  the  trachea  and  the  thyroid  gland  will  be  considered  with  the 
applied  anatomy  of  the  latter  structure.  The  laxity  of  the  surrounding 
tissues  allows  the  trachea  a  considerable  range  of  mobility ;  it  rises  and 
falls  with  the  larynx  during  each  effort  of  deglutition  and  respiration,  and 
when  it  is  encroached  upon  by  rapidly  growing  tumours,  it  readily 
deviates  towards  the  opposite  side. 

THE  THYROID  GLAND.— This  body  belongs  to  the  class  of  structures  known  as 
ductless  glands.  It  is  situated  within  the  anterior  compartment  of  the  neck,  and  consists  of 
two  lateral  lobes,  which  are  roughly  pyramidal  in  outline,  and  are  connected  with  each  other 
across  the  middle  line  by  a  narrow  intervening  portion  or  isthmus.  The  surface  of  the  gland  is 
usually  smooth,  but  occasionally  it  presents  a  lobulated  appearance,  and  normally  it  possesses 
a  soft  consistency.  The  entire  gland  is  enclosed  in  a  fascial  sheath  or  capsule,  derived  from  the 
deep  cervical  fascia,  and  is  connected  by  it  with  the  lower  part  of  the  larynx  and  the  upper 
rings  of  the  trachea  (fascia  laryngo-thyroidea  of  Huter),  forming  for  it  a  suspensory  apparatus. 
In  front,  this  fascia  extends  from  the  upper  border  of  the  isthmus  and  inner  margins  of  the  lateral 
lobes  to  the  anterior  arch  of  the  cricoid  and  the  lower  border  of  the  thyroid  cartilage.  At  the 
sides,  the  lateral  ligaments,  as  they  are  called,  connect  the  deep  aspects  of  the  lateral  lobes  with 
the  side  of  the  larynx  and  the  upper  rings  of  the  trachea,  and  are  closely  related  to  the  inferior 
laryngeal  nerves  and  vessels. 

The  Isthmus  of  the  Gland  is  somewhat  variable  in  size  and  the  exact  level  which  it  occupies 
in  the  neck;  sometimes  it  is  absent.  Usually  in  the  adult  the  isthmus  overlies  the  second,  third,  and 
fourth  rings  of  the  trachea.  In  front  it  is  related  in  the  middle  line  to  the  superficial  tissues  and  the 
deep  fascia,  and  on  each  side  of  this  it  is  covered  by  the  flat  pretracheal  muscles  and  their  investing 
fascia  (fig.  56).  Its  upper  border  is  related  to  an  arterial  arch,  which  occasionally  attains  a  con- 
siderable size,  and  is  formed  by  anastomosing  branches  of  the  superior  thyroid  vessels.  A  conical 
projection  of  the  thyroid  substance  very  frequently  extends  upwards  in  front  of  the  larynx,  from 
the  upper  border  of  the  isthmus  and  adjoining  part  of  one  of  the  lateral  lobes,  and  is  connected 
with  the  lower  border  of  the  hyoid  bone  by  a  band  of  ligamentous  or  muscular  tissue;  it 
is  called  the  pyramidal  lobe,  and  has  a  developmental  significance  (see  p.  211).  The  lower  border 
of  the  isthmus  is  related  to  the  inferior  thyroid  veins  and  to  the  fatty  tissue  which  overlies  the 
front  of  the  trachea,  and  is  continued  into  the  mediastinum.  The  thymus  gland  in  the  child 
usually  lies  in  close  contact  with  the  isthmus,  and  has  a  similar  relationship  occasionally  in  the 
adult  (fig.  60). 

The  Lateral  Lobes. — The  upper  pointed  extremity  or  cornu  of  each  lateral  lobe  is  in  contact 
with  the  upper  and  posterior  part  of  the  side  of  the  thyroid  cartilage  and  the  wall  of  the  pharynx, 
the  superior  thyroid  vessels  which  reach  it  at  this  level  constituting  its  upper  vascular  pedicle. 

The  lower  rounded  extremity  of  each  lobe  reaches  to  the  level  of  the  fifth  or  sixth  tracheal 
ring  and  is  related  to  the  inferior  thyroid  vessels,  the  artery  lying  more  deeply  than  the  vein 
(fig.  60) ;  these  vessels  constitute  the  lower  vascular  pedicle  of  the  gland  on  each  side. 

The  anlero-external  surface  of  each  lateral  lobe  is  usually  rounded  and  convex  ;  it  is  overlaid 
by  the  pretracheal  muscles  and  their  investing  fascia,  and  is  overlapped,  in  addition,  by  the  lower 
part  of  the  sterno-mastoid  muscle.  In  formalin-hardened  preparations,  this  surface  appears  some- 
what flattened  by  the  overlying  muscles. 

The  postero-external  surface  (fig.  56),  which  joins  the  latter  in  a  rounded  border,  is  deeply 
grooved  by  the  common  carotid  artery  ;  it  is  also  related  to  the  prevertebral  muscles,  the  inferior 
thyroid  artery,  the  sympathetic  cord  and  its  middle  cervical  ganglion.  The  inner  surface  is 
moulded  against  the  trachea  and  oesophagus  below,  and  is  related  to  the  inferior  laryngeal  nerve 
as  it  ascends  in  the  tracheo-cesophageal  sulcus.  Higher  up,  this  aspect  of  the  thyroid  is  applied 
against  the  side  of  the  larynx  and  the  wall  of  the  pharynx  (inferior  constrictor). 

Structure. — The  parenchyma  of  the  thyroid  consists  of  closed  follicles,  spherical  or  elongated 
in  outline,  which  are  lined  by  a  single  layer  of  cubical  epithelium,  and  contain  a  clear  watery  or 
colloid  fluid.  The  follicles  are  surrounded  by  a  stroma  rich  in  blood-vessels  and  lymphatics. 
The  stroma  also  is  continuous  with  the  outer  fibrous  investment,  and  the  septa  which  pass  in 
from  the  latter  subdivide  the  gland  into  lobes  and  lobules. 

Blood-vessels. — Each  lateral  lobe  is  supplied  by  two  arteries,  viz.,  the  superior  and 
inferior  thyroid.  Three  veins,  as  a  rule,  convey  the  blood  away  from  the  thyroid  ;  they  are  called 
superior,  middle,  and  inferior  thyroid  veins. 

The  Superior  Thyroid  Artery  arises  from  the  external  carotid  opposite  the  thyro-hyoid 
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interval.  It  is  directed  downwards  and  inwards  beneath  the  depressor  muscles  of  the  hyoid  bone, 
and  its  terminal  branches  are  distributed  to  the  gland.  They  are  usually  four  in  number :  an 
internal  branch ,  which  follows  the  inner  margin  of  the  apex  of  the  lateral  lobe,  and  forms  an  arch 


Thyro-hyoid  Membrane. 


Superior  Thyroid  Art. 
Superior  Thyroid  Vein. 


Enlarged  Lat.  Lobe  of 

the  Thyroid  Gland. 

Scalenus  Anticus  M. 

Subclavian  Vein. 

Isthmus  of  the  Thyroid  Gland. 

Right  Inferior  Thyroid  Vein. 


_.  Cricoid  Cartilage 

Sterno-mastoid  M.  divided. 
_    Cords  of  the  Brachial  Plexus 

Internal  Jugular  Vein, 
nal  Jusfular  Vein 
bclavian  Artery. 


Right  Innom.  Vein.  '     / 

Thymus  Gland      / 
Superior  Vena  Cava. 

!  , 

Heart  enclosed  within  the  Pericardium. 

Left  Inferior  Thyroid  Vein.      !     j 

Left  Innom.  Vein. 
Internal  Mammary  Vein. 

FIG.  60. — Dissection  of  the  front  of  the  neck  and  of  the  thoracic  contents.  The  subject]was  a  female 
set.  35,  in  the  sixth  month  of  pregnancy.  The  thyroid  gland  is  enlarged  and  the  veins  which 
ramify  over  its  surface  are  very  evident.  The  superior  thyroid  veins  join  the  internal  jugular 
veins  above,  and  the  inferior  thyroid  veins  pass  respectively  into  the  right  and  left  innominate 
veins  below.  On  the  right  side  two  accessory  thyroid  veins  (middle  thyroid  veins)  are  seen  to 
join  the  internal  jugular  vein.  Observe  how  the  enlarged  lateral  lobes  of  the  gland  quite 
conceal  the  common  carotid  artery  on  each  side.  The  thymus  gland  is  also  enlarged  ;  its 
bilobed  character  is  very  distinct,  and  also  its  pyramidal  shape,  the  base  of  the  pyramid  rest- 
ing upon  the  pericardium.  Note  the  dome  of  the  pleural  sac  on  each  side  extending  into 
the  root  of  the  neck  and  the  structures  immediately  related  to  it.  The  subclavian  artery  lies 
behind  the  corresponding  vein,  and  the  cords  of  the  brachial  plexus  lie  still  further  posteriorly, 
and  upon  a  higher  level. 
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above  the  isthmus  with  its  fellow  ;  an  external  branch,  which  follows  the  outer  margin  of  the  lateral 
lobe ;  an  anterior  branch,  to  the  front  aspect ;  and  a  posterior  branch,  which  descends  deeply 
between  the  lateral  lobe  and  the  trachea.  In  addition  to  its  terminal  branches,  the  superior  thyroid 
artery  also  gives  off  the  following  branches  :  sterno-mastoid,  superior  laryngeal,  and  crico-thyroid ; 
these  have  already  been  noted. 

The  Inferior  Thyroid  Artery  is  a  branch  of  the  thyroid  axis  (first  stage  of  the  subclavian). 
From  its  origin  it  ascends  in  front  of  the  prevertebral  muscles,  crossing  the  vertebral  artery  and 
the  sympathetic  nerve,  and  describes  at  the  same  time  an  arch  behind  the  carotid  sheath.  Hav- 
ing reached  the  thyroid  gland,  it  again  curves  and  runs  upwards  in  relation  to  its  deep  surface, 
closely  accompanied  by  the  inferior  laryngeal  nerve,  and  is  distributed  mainly  to  this  aspect  of 
the  lateral  lobe.  Occasionally  a  branch  of  this  artery  of  considerable  size  crosses  to  the  opposite 
side  in  front  of  the  trachea  near  the  upper  border  of  the  isthmus  ;  it  may  be  endangered  in 
tracheotomy  (Streckeisen). 

The  thyroid  arteries  anastomose  freely  with  each  other  and  with  the  arteries  of  the  opposite 
side.  They  very  often  compensate  each  other,  i.e.  when  one  superior  thyroid  is  small,  the  opposite 
vessel  is  unusually  large.  A  fifth  artery  sometimes  reaches  the  gland,  viz. ,  the  thyroidea  ima.  It 
arises  usually  from  the  innominate,  and  ascends  in  a  tortuous  manner  in  the  loose  pretracheal 
tissue  to  the  isthmus,  to  which  it  is  mainly  distributed. 

The  Thyroid  Veins  do  not  associate  themselves  closely  with  the  arteries,  with  the  exception 
of  the  superior.  They  form  freely  anastomosing  networks  in  the  superficial  aspect  of  the  gland 
(fig.  60).  The  superior  thyroid  -vein  on  each  side  crosses  the  common  carotid  artery  close  to  its 
termination  and  ends  in  the  internal  jugular  vein,  occasionally  in  the  common  facial  or  lingual  veins. 

The  middle  thyroid  vein  issues  from  the  gland  on  its  lateral  aspect,  and  having  crossed  the 
common  carotid  artery,  joins  the  internal  jugular  vein. 

The  inferior  thyroid  vein,  formed  by  the  union  of  several  small  branches  at  the  lower 
•extremity  of  the  isthmus  and  of  the  lateral  lobe,  descends  in  front  of  the  trachea,  and  ends  usually 
in  the  innominate  vein  of  the  same  side. 

When  the  muscles  and  deeper  structures  of  the  neck  are  not  con- 
cealed from  view  by  an  excessive  amount  of  subcutaneous  fat,  the 
lateral  lobes  of  the  thyroid  can  often  be  detected  as  smooth  rounded 
elevations  situated  alongside  the  middle  line  of  the  neck,  and  the 
isthmus  sometimes  stands  out  as  a  distinct  projection  in  front  of  the 
upper  part  of  the  trachea,  especially  when  the  head  is  thrown  back.  In 
females,  the  fulness  of  the  thyroid  is  more  marked  as  a  rule  than  in 
males  ;  it  helps  to  round  off  the  lower  part  of  the  neck  and  to  give  a 
graceful  contour  to  the  throat.  In  males,  on  the  other  hand,  this  round- 
ness is  generally  wanting,  the  anterior  region  of  the  neck  being  more  of 
the  angular  type ;  this  is  due  partly  to  the  laryngeal  projection  in  the 
middle  line,  and  partly  to  the  relief  of  the  sterno-mastoid  muscles  as  they 
converge  below  to  the  suprasternal  notch. 

The  close  connection  which  is  maintained  between  the  thyroid  and 
the  outer  aspect  of  the  laryngo-tracheal  passage  by  the  fascial  arrange- 
ments described  above  explains  why  it  moves  up  and  down  with  the 
larynx  and  pharynx  during  the  effort  of  deglutition  ;  this  is  a  useful 
diagnostic  sign  in  certain  cases  of  supposed  thyroid  enlargement. 

Goitre  or  Bronchocele. — These  terms  signify  an  enlargement  of  the 
thyroid  gland  of  a  pathological  nature.  Under  normal  conditions, 
however,  the  volume  of  the  gland  varies  within  considerable  limits  with 
the  degree  of  engorgement  of  its  vessels.  In  females  it  is  by  no 
means  uncommon  for  it  to  enlarge  slightly  during  each  menstrual 
period,  subsiding  in  the  intervals,  and  the  right  lobe  is  not  infrequently 
somewhat  larger  than  the  left. 

Different  forms  of  goitre  are  described,  (i)  Simple  or  Parenchy matous 
Goitre :  here  the  constituent  parts  of  the  thyroid  are  increased,  apparently 
in  equal  proportion.  (2)  Cystic  Goitre  :  in  this  form  the  glandular  element 
distinctly  preponderates.  (3)  Fibrous  Goitre :  the  inter-glandular  stroma 
in  this  variety  is  increased  out  of  proportion  to  the  other  parts.  (4) 

14 
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Vascular  or  Pulsating  Goitre  (exophthalmic) :  the  thyroid  vessels  are  en- 
larged to  a  marked  extent  and  the  arteries  pulsate  visibly. 

When  the  enlargement  of  the  thyroid  is  uniform,  it  presents  a  typical 
horseshoe  outline ;  very  frequently,  however,  the  enlargement  is  of  a 
partial  nature  being  limited  to  one  lateral  lobe  or  to  the  isthmus 
only.  In  its  growth,  a  goitre  tends  to  compress  and  displace  the 
structures  with  which  it  lies  in  contact ;  it  makes  its  way  outwards 
on  each  side  beneath  the  sterno-mastoid  muscle,  and  downwards  so 
as  to  reach  and  even  lie  beneath  the  sternum  and  the  clavicles. 
Compression  of  the  trachea,  especially  from  side  to  side,  associated 
in  some  cases  with  a  pronounced  lateral  deviation  of  the  tube,  is 
a  frequent  cause  of  increasing  dyspncea.  In  severe  cases  the  lumen 
of  the  trachea  is  reduced  to  a  mere  slit.  Compression  of  the  trachea 
from  before  backwards  is  apt  to  supervene  in  cases  of  retro - 
sternal  goitre.  The  pharynx  and  oesophagus,  too,  are  subjected  to 
excessive  compression,  so  that  dysphagia  is  a  not  uncommon  symptom. 
Pressure  upon  the  recurrent  laryngeal  nerve  on  either  side  is  liable  to 
be  followed  by  paralysis  of  the  intrinsic  muscles  of  the  larynx  which  it 
supplies,  accompanied  by  hoarseness  and  loss  of  voice  (apJionid).  The 
large  vessels  are  pushed  aside  by  extension  of  the  goitre  in  an  outward 
direction,  and  the  common  carotid  artery  may  be  found  pulsating  in  the 
posterior  triangle  of  the  neck.  The  thyroid  vessels  are  often  much  en- 
larged, the  veins  especially  ;  their  walls  are  very  thin,  and  they  are  readily 
torn  across  in  the  course  of  operation  (tkyroidectomy).  The  depressor 
muscles  of  the  hyoid  bone  are  sometimes  hypertrophied  ;  with  very 
large  goitres,  however,  they  are  widely  expanded  and  the  pretracheal 
fascia  is  greatly  stretched. 

Thyroidectomy. — As  this  operation  is  largely  an  anatomical  exerciser 
it  is  particularly  deserving  of  attention.  Not  more  than  one  lateral  lobe, 
with  perhaps  the  isthmus,  is  removed  as  a  rule,  seeing  that  the  total 
absence  of  the  gland  secretion,  which  would  necessarily  be  the  result 
of  complete  removal  of  the  gland,  would  be  followed  by  a  fatal  termina- 
tion (cachexia  thyroided).  Such  has  happened  more  than  once  in  the 
human  subject  before  the  exact  function  of  the  gland  was  understood. 
Our  knowledge  on  this  subject  has  largely  been  acquired  by  noting  the 
effect  of  removal  of  the  thyroid  in  monkeys  ;  the  remarkable  changes  in 
the  human  subject  also,  associated  with  myxcedema,  appear  to  depend 
upon  atrophy  of  this  structure. 

Operation. — The  particular  form  of  skin  incision  varies  ;  it  is  usually 
made  to  commence  at  the  upper  border  of  the  sternum,  and  to  extend 
upwards  and  slightly  backwards  as  far  as  the  thyroid  cartilage,  and  from 
this  point  transversely  outwards  over  the  prominence  of  the  sterno- 
mastoid  muscle.  A  curved  incision,  with  its  convexity  downwards, 
directed  transversely  across  the  most  prominent  part  of  the  swelling,  is  re- 
commended by  Kocher.  The  superficial  fascia,  platysma,  and  deep  fascia 
are  next  divided  throughout  the  entire  extent  of  the  wound  ;  the  anterior 
jugular  vein  and  a  branch  which  frequently  connects  it  with  the  external 
jugular  are  divided  also  at  this  stage.  The  anterior  border  of  the  sterno- 
mastoid  muscle  is  defined  and  set  free.  The  deep  fascia  along  the 
inner  aspect  of  the  three  flat  muscles  is  divided  vertically,  after  which 
these  are  separated  with  the  finger  or  by  a  blunt  dissector  from  the  super- 
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ficial  surface  of  the  thyroid  capsule.  Sometimes  their  division  is  necessary 
when  plenty  of  room  is  required.  The  outer  border  of  the  goitre  is  now 
defined  ;  and  the  entire  mass  having  been  set  free  along  its  outer  border 
and  behind,  is  displaced  forwards.  The  upper  cornu  of  the  lateral  lobe  is 
isolated,  and  this  brings  into  view  the  superior  thyroid  vessels  (upper 
vascular  pedicle),  which  are  ligatured  and  divided.  The  isthmus  is 
separated  from  the  trachea,  ligatured  and  divided,  and  in  doing  so  care 
should  be  taken  of  the  communicating  vessels  which  lie  along  its  upper 
border.  The  inferior  thyroid  vessels  which  form  the  lower  vascular  pedicle 
of  the  goitre  are  brought  into  view  by  drawing  forwards  the  partially 
detached  mass.  If  possible,  they  should  not  be  ligatured  in  close  prox- 
imity to  the  larynx  or  trachea,  for  fear  of  wounding  the  recurrent 
laryngeal  nerve.  If  their  isolation  at  the  desired  point  is  impossible,  it 
is  better  to  ligature  and  cut  across  some  of  the  thyroid  tissue  at  the 
lower  part  of  the  enlarged  lateral  lobe.  In  addition  to  the  th'yroid 
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FIG.  61. — Diagram  to  show  the  course  and  relations  of  the  thyro-glossal  duct  (Marshall). 

veins  already  described,  other  accessory  vessels  are  usually  found  pier- 
cing the  thyroid  capsule  and  joining  the  internal  jugular  vein. 

Accessory  Thyroids — Thyroid  Cysts. — The  first  appearance  of  the 
thyroid  is  to  be  noted  in  the  form  of  three  separate  invaginations  of  the 
pharyngeal  wall,  viz.,  a  central  and  two  lateral.  The  latter  project,  at 
the  level  of  the  fourth  branchial  cleft,  on  each  side  of  the  entrance  to  the 
larynx,  and  soon  become  quite  detached.  The  central  invagination  has 
its  origin  higher  up,  in  the  interval  between  the  mandibular  and  hyoid 
segments  of  the  tongue,  the  exact  level  being  indicated  at  a  later  period 
by  the  foramen  caecum.  This  central  part  is  at  first  a  tubular  outgrowth 
(thyro-glossal  duct  of  His],  which  extends  downwards,  widens  out  laterally 
at  its  lower  extremity,  and  fuses  with  the  rudimentary  lateral  lobes.  Of 
this  median  segment  nothing  may  remain  except  the  isthmus ;  in  a  large 
number  of  cases,  however,  probably  eighty  per  cent.,  evidence  of  its 
existence  is  shown  in  the  form  of  the  pyramidal  lobe  already  described 
(fig.  58). 

Small  detached  masses  of  thyroid  tissue  and  certain  forms  of  cystic 
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tumour  are  occasionally  found  in  the  neck,  the  presence  of  which  is 
rendered  intelligible  by  a  reference  to  the  normal  mode  of  develop- 
ment of  the  thyroid.  They  not  uncommonly  have  their  origin  in  the 
incomplete  obliteration  of  the  thyro-glossal  duct,  and  may  be  found  at 
different  levels  between  the  foramen  caecum  above  and  the  thyroid 
isthmus  below.  They  have  been  classified  by  Streckeisen  into  different 
groups,  depending  upon  the  site  which  they  occupy,  viz.,  epi-hyoid,  in  the 
region  of  the  foramen  caecum,  or  between  the  genio-hyo-glossi  muscles ; 
pre-hyoid,  in  front  of  the  hyoid  bone,  on  the  surface  of  the  mylo-hyoid 
muscle ;  intra-hyoid,  in  the  concavity  or  even  in  the  substance  of  the 
hyoid  bone ;  infra-hyoid,  probably  the  commonest,  between  the  hyoid 
bone  and  the  isthmus  of  the  gland.  The  diagram  represented  in  fig.  61 
illustrates  a  cystic  dilatation  of  the  remains  of  the  thyro-glossal  duct. 
Such  a  cyst,  if  incised,  is  very  apt  to  leave  a  sinus  in  the  middle  line  of 
the  neck,  which  tends  to  persist  (Marshall). 

Accessory  thyroids  are  also  found  in  connection  with  or  in  the 
regions  adjoining  the  lateral  lobes  ;  they  are  most  frequent  at  the  level 
of  the  great  cornu  of  the  hyoid  bone,  but  may  be  encountered  at  any 
level  between  the  lower  jaw  above,  the  clavicle  below,  and  the  anterior 
border  of  the  trapezius  behind.  Accessory  thyroids  have  even  been 
found  within  the  thorax  in  relation  to  the  arch  of  the  aorta ;  this  is  to 
be  explained  probably  in  connection  with  the  close  relationship  which 
originally  exists  between  the  thyroid  gland  and  the  aorta  at  an  early 
period  of  foetal  life. 

THE  (ESOPHAGUS. — The  oesophagus  is  the  direct  continuation  of  the  pharynx,  the 
one  passing  insensibly  into  the  other  opposite  the  lower  border  of  the  cricoid  cartilage,  at  the 
level  of  the  intervertebral  disc  between  the  sixth  and  seventh  cervical  vertebrae.  It  terminates 
within  the  abdomen  at  the  cardiac  extremity  of  the  stomach,  almost  immediately  after  having  tra- 
versed the  oesophageal  opening  in  the  diaphragm.  For  descriptive  purposes  it  is  divided  into  three 
stages — cervical,  thoracic,  and  abdominal.  The  first  of  these  alone  demands  attention  at  present. 
It  extends  from  the  lower  border  of  the  cricoid  cartilage  to  the  thoracic  inlet ;  its  length  corre- 
sponds to  that  of  the  cervical  stage  of  the  trachea,  and  like  this  tube  it  varies  with  the  position 
of  the  head.  In  its  cervical  stage  the  oesophagus  is  related  in  front  to  the  trachea,  and  is  con- 
nected to  it  by  loose  tissue  ;  it  is  more  intimately  attached,  however,  at  its  commencement  to 
the  cricoid  cartilage.  It  is  related  behind  to  the  vertebral  column,  the  prevertebral  muscles,  and 
the  prevertebral  layer  of  the  deep  cervical  fascia.  With  the  exception  of  its  upper  extremity,  this 
segment  of  the  oesophagus  does  not  lie  in  mesial  plane  but  deviates  somewhat  to  the  left  side.  On 
this  side  also  it  is  related  to  the  lateral  lobe  of  the  thyroid  gland,  the  recurrent  laryngeal  nerve — the 
latter  may  almost  be  said  to  lie  on  its  anterior  surface,  owing  to  the  deviation  which  the  tube 
takes  to  the  left — the  left  common  carotid  and  inferior  thyroid  arteries,  and  a  quantity  of  loose 
connective  tissue  containing  lymphatic  glands.  On  the  right  side  the  oesophagus  is  also  related 
to  the  recurrent  laryngeal  nerve  and  to  the  right  common  carotid  artery.  At  its  commencement 
it  is  narrow,  but  is  somewhat  more  capacious  below  this ;  its  walls  are  compressed  from 
before  backwards  and  its  lumen  presents  a  stellate  figure  on  cross  section,  in  consequence  of  the 
longitudinal  direction  of  the  folds  of  mucous  membrane  in  its  interior.  An  account  of  the  thoracic 
stage  of  the  oesophagus  will  be  found  in  connection  with  the  mediastinal  contents  (see  Thorax). 

The  narrowness  of  the  oesophagus  at  its  commencement  and  the 
progressive  diminution  in  the  calibre  of  the  pharynx  down  to  this 
point  explain  why  certain  foreign  bodies  which  are  swallowed,  either 
intentionally  or  as  the  result  of  accident,  not  infrequently  become  im- 
pacted at  this  level,  and  why  strictures  resulting  from  ulceration  caused 
by  corrosive  fluids  also  show  a  predisposition  for  this  region. 

The  distance  between  the  incisor  teeth  and  the  lower  end  of  the 
pharynx  measures,  in  the  adult,  about  six  inches,  or  fifteen  cms. ;  the 
commencement  of  the  oesophagus  may  be  regarded,  therefore,  as  beyond 
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the  reach  of  the  examining  finger  introduced  through  the  mouth.  Any 
obstruction  encountered  by  an  cesophageal  bougie,  between  two  points 
situated  respect;vely  six  and  eight  inches  from  the  incisor  teeth,  will 
evidently  be  situated  in  the  cervical  stage  of  the  oesophagus,  and  may 
be  reached  from  the  neck  in  the  operation  of  cesophagotomy. 

The  close  proximity  of  the  left  recurrent  laryngeal  nerve  to  the 
oesophagus  is  sufficient  to  account  for  its  involvement  by  a  malignant 
growth  affecting  this  passage  and  travelling  outwards.  It  has  already 
been  stated  that  this  nerve  may  be  injuriously  compressed  by  a 
goitre. 

Several  lymphatic  glands  lie  beside  the  oesophagus  on  each  side, 
embedded  in  very  loose  connective  tissue ;  they  receive  the  lymphatic 
vessels  which  pass  outwards  through  the  cesophageal  wall,  and  are 
frequently  found  enlarged  in  cases  of  epitheliomatous  disease  of  this 
part ;  they  are  capable  of  causing  a  considerable  amount  of  pressure 
upon  the  tube,  and  may  occasion  dysphagia  of  increasing  intensity. 

(Esophagotomy. — The  left  side  is  always  selected  for  this  operation, 
for  reasons  which  will  be  obvious.  The  skin  incision  is  directed  from  the 
level  of  the  thyroid  cartilage  obliquely  downwards,  and  inwards,  in  front 
of  the  anterior  border  of  the  sterno-mastoid  muscle  to  the  sterno-clavicular 
articulation.  The  subcutaneous  tissue  and  platysma  fibres  having  been 
divided,  the  anterior  jugular  vein  comes  into  view  and  is  divided  between 
two  ligatures,  after  which  the  deep  fascia  is  incised  and  the  sterno- 
mastoid  muscle  drawn  outwards.  The  three  flat  pretracheal  muscles  are 
now  exposed,  and  it  will  probably  be  necessary  to  divide  theomo-hyoid  ; 
the  sterno-hyoid  and  sterno-thyroid  muscles,  however,  are  drawn  inwards. 
The  pretracheal  fascia,  which  is  continued  outwards,  between  these 
muscles  and  the  thyroid  gland,  is  next  divided ;  this  enables  the  left  lateral 
lobe  of  the  latter  to  be  fully  exposed,  and  as  it  conceals  the  oesophagus,  it 
must  be  drawn  forwards  and  inwards  towards  the  middle  line,  the 
common  carotid  artery  being  at  the  same  time  displaced  outwards.  The 
deep  or  prevertebral  region  of  the  neck  now  comes  into  view  and  the 
inferior  thyroid  artery,  which  is  directed  inwards  beneath  the  common 
carotid  artery,  may  possibly  require  to  be  ligatured  and  divided.  The 
trachea  is  the  best  guide  to  the  oesophagus,  as  the  latter  lies  immediately 
beneath  it  and  will  be  recognised  by  its  muscular  wall ;  it  may  be  made 
to  project  more  prominently  if  an  cesophageal  bougie  be  introduced 
along  the  pharynx  into  its  interior.  The  recurrent  laryngeal  nerve  which 
ascends  in  the  tracheo-cesophageal  sulcus  is  carefully  avoided,  and  the 
incision  of  the  cesophageal  wall  is  made  vertically,  and  somewhat  nearer  its 
spinal  than  its  tracheal  aspect.  Through  the  opening  thus  made  foreign 
bodies  lodged  in  its  vicinity  may  be  reached  and  removed,  a  stricture 
may  be  exposed  and  dilated,  or  an  epithelioma  of  limited  proportions  ex- 
cised (cesophagectomy).  If  it  be  desired  to  keep  the  opening  patent,  the 
edges  of  the  cesophageal  wound  are  sutured  to  the  skin  (cesophagostomy}. 


THE  STERNO-MASTOID  REGION. 

This  region,  which  is  coextensive  with  the  underlying  sterno-mastoid 
muscle,   possesses   very   great   surgical   interest,  as   operative  measures 
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are  so  frequently  carried  out  in  this  region  of  the  neck  for  various  con- 
ditions, but  more  especially  for  tubercular  disease  of  the  deep  cervical 
chain  of  lymphatic  glands.  As  a  large  number  of  important  structures 
are  situated  in  close  relationship  to  the  muscle,  it  is  imperative  that 
their  topography  should  be  clearly  understood. 

The  Sterno-mastoid  Muscle  arises  below  by  two  heads,  a  sternal  and  a  clavicular.  The 
sternal  head  has  the  form  of  a  rounded  tendon  (fig.  58)  and  arises  from  the  front  of  the  manubrium. 
The  clavicular  head  consists  of  mixed  fleshy  and  tendinous  fibres  and  arises  from  the  upper  part  of 
the  anterior  surface  of  the  inner  third  of  the  clavicle.  The  muscle  is  inserted  above  by  means  of 
tendinous  fibres  into  the  mastoid  process  of  the  temporal  bone  and  into  the  outer  half  of  the  superior 
curved  line  of  the  occipital  bone  by  an  aponeurosis  which  fuses  behind  with  that  of  the  trapezius. 
At  first  the  two  heads  are  separated  below  by  a  narrow  triangular  interval,  but  the  sternal  head 
quickly  widens  out  and  conceals  the  clavicular  portion  of  the  muscle  and  extends  along  the  entire 
line  of  insertion  just  given.  The  clavicular  head  ascends  more  vertically,  it  passes  beneath  the 
sternal  portion  and  is  inserted  into  the  lower  and  outer  surface  of  the  mastoid  process.  The  two 
heads  occasionally  remain  separate  throughout  as  two  muscles. 

The  nerves  which  supply  the  sterno-mastoid  are  derived  from  the  spinal  accessory  and  from  the 
second  and  third  cervical  nerves. 

The  action  of  the  muscle  is  as  follows  :  when  acting  alone  it  causes  lateral  flexion  of  the  head 
and  neck,  so  that  the  head  approaches  the  shoulder,  this  movement  being  effected  mainly  by  the 
clavicular  portion.  Through  its  sternal  portion  it  also  rotates  the  head  to  the  opposite  side.  Both 
muscles  contracting  together  flex  the  head  and  neck  upon  the  thorax,  but  when  the  head  is  fixed 
their  simultaneous  contraction  helps  to  raise  the  sternum  and  the  sternal  extremities  of  the 
clavicles. 

Relations. — By  its  deep  surface  the  sterno-mastoid  muscle  is  related  to  a  large  number  of 
structures,  including  muscles,  blood-vessels,  nerves,  lymphatics,  and  a  variable  amount  of  cellular 
and  fatty  tissue. 

The  muscles  are,  from  above  downwards,  the  splenius,  a  small  portion  of  the  complexus,  the 
posterior  belly  of  the  digastric  and  the  stylo-hyoid,  the  levator  anguli  scapulae,  the  rectus  capitis 
anticus  major,  the  depressor  muscles  of  the  hyoid  bone,  and  the  scaleni. 

The  fatty  tissue  which  lies  subjacent  to  the  sterno-mastoid  abuts  internally  against  the  carotid 
sheath  ;  it  extends  outwards  beneath  the  posterior  margin  of  the  muscle  into  the  posterior  triangle, 
and  is  continuous  beneath  the  omo-clavicular  fascia  with  a  collection  of  fatty  tissue  which  extends 
behind  the  clavicle  into  the  axilla,  and  beneath  the  trapezius  to  the  supraspinous  fossa.  This 
fatty  layer  in  the  neck  is  traversed  by  the  superficial  branches  of  the  cervical  plexus  (fig.  63), 
and  it  contains  numerous  lymphatic  glands  and  small  blood-vessels. 

Blood-vessels. — The  subclavian  vein  lies  beneath  the  clavicular  head,  immediately  above  the 
clavicle,  but  the  subclavian  artery  occupies  a  deeper  plane,  viz.,  behind  the  scalenus  anticus 
muscle.  On  the  right  side,  the  bifurcation  of  the  innominate  artery  is  deeply  placed  opposite 
the  cellular  interspace  which  separates  the  two  heads  of  the  muscle.  The  external  jugular  vein 
passes  beneath  the  clavicular  head  of  the  muscle  on  its  way  to  join  the  subclavian,  the  junction 
usually  taking  place  at  or  close  to  the  angle  formed  by  the  latter  with  the  internal  jugular. 
The  sterno-mastoid  muscle  overlies  the  internal  jugular  vein  and  the  carotid  vessels  in  the  greater 
part  of  their  extent,  and  at  the  upper  part  of  the  neck  the  occipital  and  posterior  auricular 
arteries  are  situated  in  the  first  part  of  their  course  beneath  the  muscle,  as  are  also  the  sterno- 
mastoid  branches  of  the  occipital  and  superior  thyroid  arteries. 

Nerves. — The  spinal  accessory  nerve  is  directed  obliquely  beneath  the  muscle  from  above 
downwards  and  backwards  (fig.  31).  The  vagus  and  sympathetic  nerves  also  are  deep  relations, 
the  former  lying  within  the  carotid  sheath,  the  latter  behind  the  sheath.  In  addition  to  these 
one  also  finds  posteriorly  the  ansa  hypoglossi,  the  superficial  branches  of  the  cervical  plexus,  and 
indirectly  the  large  nerve  trunks  which  emerge  at  the  posterior  border  of  the  scalenus  anticus, 
and  the  phrenic  nerve  which  descends  in  front  of  this  muscle. 

Lymphatics. — The  deep  lymphatic  glands  of  the  neck  form  a  continuous  chain  beneath  the 
sterno-mastoid  muscle,  and  are  scattered  along  the  outer  aspect  of  the  main  vessels,  especially  the 
internal  jugular  vein.  These  glands  receive  tributaries  from  the  lymph  territories  of  the  tongue, 
sublingual  region,  face,  interior  of  the  cranium,  pharynx,  larynx,  thyroid  gland,  and  the  deep 
muscles  of  the  neck. 

In  addition  to  the  structures  enumerated  above,  the  lateral  lobe  of  the  thyroid  gland  is  over- 
lapped by  the  sterno-mastoid. 

By  its  superficial  aspect,  in  addition  to  the  integument  and  fasciae,  the  sterno-mastoid  is 
related  to  the  platysma  muscle ;  the  direction  of  the  fibres  of  the  two  muscles,  however,  is  in 
opposite  directions.  The  external  jugular  vein  crosses  the  sterno-mastoid  very  obliquely  beneath 
the  platysma  from  a  point  above,  on  a  level  with  the  great  cornu  of  the  hyoid  bone,  to  a  point  below 
at  the  posterior  margin  of  the  muscle,  about  half  an  inch  above  the  clavicle.  Certain  of  the 
superficial  branches  of  the  cervical  plexus  cross  over  the  surface  of  the  muscle,  viz. ,  the  great 
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auricula  ,  the  superficial  cervical,  the  descending  suprasternal  and  the  descending  supraclavicular 
nerves. 

The  anterior  border  of  the  muscle  stands  out  prominently  and  is  a  valuable  landmark.  At 
the  level  of  the  carotid  triangle  it  overlies  the  common  carotid  artery  and  its  two  terminal 
branches.  This  relationship  is  largely  maintained  by  the  deep  cervical  fascia,  which  at  the 
upper  part  of  the  neck  maintains  the  anterior  border  of  the  sterno-mastoid  in  close 
proximity  to  the  angle  of  the  jaw.  When  the  deep  fascia  is  divided,  the  muscle  recedes  and 
may  leave  the  vessels  uncovered. 

The  spinal  accessory  nerve  passes  beneath  the  anterior  border  about  one  and  a  half  inches 
below  the  mastoid  process,  accompanied  by  the  sterno-mastoid  branch  of  the  occipital  artery. 

At  a  point  on  the  anterior  border  of  the  muscle,  at  the  level  of  the  great  cornu  of  the  hyoid 
bone,  the  internal  jugular  vein  is  joined  by  certain  of  its  collateral  branches,  viz.,  the  lingual, 
facial,  and  superior  thyroid  veins,  and  a  communicating  branch  from  the  external  to  the  anterior 
jugular  vein  frequently  descends  in  front  of  the  muscle  to  the  lower  part  of  the  neck  (fig.  31). 

The  posterior  border  of  the  muscle  is  related  to  several  nerves  which  are  grouped  closely 
together  near  its  middle.  They  have  been  already  described  with  the  topography  of  the  neck 
(p.  1 88).  Several  lymphatic  glands  also  are  scattered  along  this  border  of  the  muscle  and  the 
external  jugular  vein  is  related  to  it  at  the  level  of  the  supraclavicular  fossa. 

Torticollis. — The  normal  position  of  the  head  upon  the  vertebral 
column  is  maintained  by  the  associated  action  of  the  muscles  on  both 
sides  of  the  neck,  and  their  tonicity  is  such  that  a  state  of  equilibrium 
is  established  between  the  two  opposing  groups.  This  equilibrium, 
however,  is  sometimes  disturbed  through  a  paralytic  or  spastic  condition 
•of  the  sterno-mastoid  muscle,  with  or  without  similar  implication  of 
certain  of  the  deeper  muscles. 

The  term  torticollis  or  '  wry  neck '  denotes  the  altered  attitude  which 
the  head  and  neck  assume.  It  may  occur  temporarily,  as  the  result  of 
direct  irritation  of  the  muscle  or  of  its  principal  nerves  of  supply.  Of 
this  nature  is  the  torticollis  which  accompanies  acute  glandular  enlarge- 
ments, vertebral  caries,  cervical  cellulitis,  or  a  myositis  of  the  muscle 
itself,  popularly  known  as  a  '  crick  in  the  neck.'  The  head  is  held  in  the 
characteristic  attitude,  pain  is  felt  on  pressure  or  movement,  but  the 
neck  can  be  restored  to  its  normal  position  by  manipulation,  if  necessary 
•during  anaesthesia  (spastic  wry  neck). 

The  permanent  form  of  torticollis  which  is  the  result  of  retraction  of 
the  muscle  is  very  commonly  congenital,  perhaps  following  injury  at 
birth,  such  as  rupture  of  the  muscle  and  subsequent  cicatricial  con- 
traction. It  may  also  supervene  on  inflammation  of  the  muscle  or  a 
faulty  attitude  of  the  neck,  as  happens  sometimes  with  certain  ocular 
affections,  such  as  diplopia,  astigmatism. 

The  principal  alterations  in  the  condition  of  the  muscle  are  as 
follows : — it  is  shortened,  and  feels  hard  and  tendinous  ;  it  stands  out 
prominently — the  sternal  head  especially — beneath  the  skin,  and  a  distinct 
interval  may  be  noted  between  the  two  heads.  The  tension  and  rigidity 
of  the  muscle  is  increased  on  attempting  to  straighten  the  neck.  The 
attitude  of  the  head  is  very  characteristic :  supposing  that  the  right 
sterno-mastoid  is  contracted,  the  face  is  turned  to  the  left,  the  right  ear 
approaches  the  right  shoulder,  and  the  chin  is  turned  towards  the  opposite 
side  (flexion  and  torsion).  The  neck  appears  shortened  on  the  right 
side ;  the  left  side,  on  the  other  hand,  is  prominent,  and  the  skin  appears 
stretched.  Owing  to  the  abnormal  attitude  of  the  cervical  spine,  a 
lateral  curve  develops  in  these  chronic  cases,  the  convexity  of  the  curve 
being  directed  to  the  side  opposite  to  the  affected  muscle,  and  is  suc- 
ceeded by  a  compensatory  dorsal  curve  lower  down.  In  aggravated 
•cases,  the  deeper  muscles  of  the  neck  also  become  rigid  and  contracted. 
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In  this  variety  of  torticollis,  tenotomy  of  the  sterno-mastoid  is  commonly 
performed,  the  section  of  the  muscle  being  effected  either  subcu- 
taneously  or  through  an  open  wound. 

Tenotomy  of  the  Sterno-mastoid. — i.  Subcutaneous  method. — The 
positions  of  the  anterior  and  external  jugular  veins  are  recognised  if 
possible  beforehand.  A  small  puncture  is  made  through  the  skin  about 
three-quarters  of  an  inch  above  the  clavicle,  so  as  to  avoid  the  subclavian 
vein,  and  either  in  front,  or  behind,  the  muscle.  A  small  tenotome  is 
introduced  flat  beneath  the  muscle,  its  edge  is  turned  forwards  and  the 
muscle  divided,  after  which  it  may  be  possible  to  correct  the  deformity 
by  manipulation.  The  tenotomy  is  much  facilitated  by  the  strong  relief 
in  which  the  muscle  stands  out  in  these  cases.  The  external  jugular 
vein  is  the  vessel  which  is  mainly  endangered  in  the  operation,  owing  to- 
its  close  proximity  to  the  posterior  margin  of  the  muscle. 

2.  By  open  incision. — A  transverse  incision  is  made  through  the 
superficial  tissues  about  three-quarters  of  an  inch  above  the  clavicle,  and 
the  muscle  is  divided,  preferably  by  a  succession  of  snips  with  blunt 
pointed  scissors.  By  this  method  one  may  succeed  in  dividing  resist- 
ing bands  of  the  cervical  fascia  which  are  sometimes  found  in  relation 

o 

to  the  deep  aspect  of  the  muscle. 

When  torticollis  is  of  the  spasmodic  type,  it  may  be  considered 
advisable  to  divide  or  resect  a  portion  of  the  spinal  accessory  nerve.  An 
incision  is  made  in  front  of  the  upper  part  of  the  sterno-mastoid  through 
the  superficial  tissues  and  the  deep  fascia,  the  anterior  margin  of  the 
muscle  is  exposed  and  retracte.d,  and  the  lower  border  of  the  digastric 
muscle  defined.  The  finger  in  the  wound  feels  for  the  transverse  process 
of  the  atlas,  which  is  a  valuable  guide,  as  the  nerve  crosses  it  on  its  way 
downwards  and  backwards.  The  position  of  the  nerve  is  clearly  repre- 
sented in  fig.  57. 
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The  Common  Carotid  Artery  extends,  in  the  neck,  from  the  level  of  the  upper  border  of 
the  sterno-clavicular  articulation  to  that  of  the  upper  border  of  the  ala  of  the  thyroid  cartilage. 
It  is  closely  accompanied  by  the  internal  jugular  vein  and  by  the  vagus  nerve,  these  three  having 
a  loose  investment  derived  from  the  deep  cervical  fascia — the  so-called  '  carotid  sheath.'  The  space 
which  they  occupy  in  the  neck  appears  prismatic  on  cross  section  (fig.  56),  and  is  bounded  behind 
by  the  transverse  processes  of  the  cervical  vertebrae  and  by  the  prevertebral  muscles  ;  internally 
by  the  thyroid  gland,  together  with  the  trachea  and  oesophagus  in  the  lower  part  of  the  neck  and 
the  pharynx  and  larynx  in  the  upper  part ;  in  front  and  externally  by  the  depressor  muscles  of 
the  hyoid  bone  and  the  sterno-mastoid. 

In  the  lower  part  of  the  neck  the  common  carotid  artery  is  placed  deeply  beside  the  trachea 
(fig.  62)  and  in  close  proximity  to  its  fellow,  not  more  than  three-quarters  of  an  inch  separating  them. 
As  it  ascends  it  deviates  outwards  and  comes  into  relation  with  a  deep  groove  on  the  postero- 
external  aspect  of  the  thyroid  gland,  and  at  its  termination  is  separated  from  the  opposite  artery 
by  an  interval  exceeding  two  inches  ;  it  is  quite  superficial,  too,  in  the  upper  part  of  the  neck, 
where  it  traverses  the  carotid  triangle,  and  its  pulsations  can  often  be  distinctly  seen  in  the  living. 
Its  lumen  varies  to  some  extent :  near  the  middle  of  its  course  it  is  somewhat  constricted — the 
isthmus,  but  at  its  termination  it  is  very  commonly  somewhat  dilated — the  bulb  of  the  common 
carotid  artery.  Throughout  its  entire  course  it  does  not,  as  a  rule,  give  off  any  collateral  branch. 

On  the  right  side  the  common  carotid  artery  is  one  of  the  terminal  branches  of  the  innomi- 
nate, and  at  its  origin  lies  in  front  and  to  the  outer  side  of  the  trachea.  The  left  common  carotid 
artery  arises  within  the  thorax  from  the  aortic  arch  between  the  innominate  and  left  subclavian 
arteries  (fig.  106) ;  at  the  root  of  the  neck  it  is  situated  upon  a  much  deeper  plane  than  the  vessef 
of  the  right  side,  and  is  closely  related  to  the  lateral  aspect  of  the  cesophagus  (fig.  62). 
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Dissection  to  expose  the  common  Carotid  Artery  in  the  lower  part  of  the  Neck 
{Muscular  Triangle], — In  addition  to  the  superficial  structures  at  this  level,  it  will  be  necessary 
to  turn  aside  the  sterno-mastoid,  sterno-hyoid,  sterno-thyroid,  and  omo-hyoid  muscles  (see  fig.  58). 
The  carotid  sheath  will  now  be  exposed,  and  overlying  it  the  nerve  loop  which  is  known  as  the 
ansa  hypoglossi. 

The  sympathetic  nerve,  the  inferior  thyroid,  and  vertebral  arteries  are  related  posteriorly  to 
this  portion  of  the  vessel  on  both  sides,  and  the  recurrent  laryngeal  nerve  in  addition  on  the 
right  side.  On  the  right  side  the  subclavian  artery  at  its  origin  may  lie  directly  behind  the 
common  carotid  (fig.  62). 

Dissection  to  expose  the  common  Carotid  Artery  in  the  Carotid  Triangle. — When 
the  superficial  structures  are  turned  aside,  i.e.  the  skin,  the  subcutaneous  tissue,  and  the  platysma, 
the  superficial  cervical  nerve  will  be  seen  running  inwards  across  the  sterno-mastoid  muscle  and 
dividing  into  its  terminal  branches  of  distribution.  The  deep  cervical  fascia  is  divided  in  front 
of  the  muscle,  and  at  this  level  a  vein  is  not  infrequently  found  descending  from  the  external 
to  the  anterior  jugular  vein  (fig.  31).  The  angle  of  junction  between  the  sterno-mastoid  and  the 
omo-hyoid  muscle  is  defined,  and  above  this  point  certain  veins  will  be  exposed  crossing  the 
artery  to  join  the  internal  jugular,  viz.,  the  superior  and  middle  thyroid,  and  occasionally  the 
common  facial.  The  descendens  hypoglossi  nerve  will  be  found  in  front  of  the  carotid  sheath, 
along  which  it  is  directed  downwards  and  inwards,  and  at  the  same  time  several  lymphatic 
glands  will  probably  come  into  view.  The  superior  thyroid  artery,  as  it  proceeds  downwards 
to  its  terminal  distribution,  forms  an  inner  relationship  of  the  common  carotid,  and  its  sterno- 
mastoid  branch  crosses  the  latter  on  its  way  to  the  deep  aspect  of  the  muscle  (fig.  31). 

Aneurysm  of  the  common  carotid  artery  is  rare  :  it  usually  originates 
either  close  to  the  bifurcation  of  the  vessel,  where  a  slight  degree  of  dilata- 
tion normally  exists,  or  low  down  at  the  root  of  the  neck,  and  appears  to 
be  more  frequent  upon  the  right  than  upon  the  left  side.  The  swelling 
which  it  forms  has  an  expansile  pulsation,  it  is  ovoid  in  shape,  and 
elongated  in  the  direction  of  the  vessel.  The  larynx  and  trachea  are 
pushed  aside,  and  consequently  dyspnoea  is  apt  to  be  a  prominent 
symptom ;  pressure  upon  the  oesophagus  also  may  occasion  dysphagia, 
and  if  the  recurrent  laryngeal  nerve  be  implicated,  there  will  be  hoarse- 
ness, dyspnoea,  and  suffocative  attacks.  The  internal  jugular  vein  will  pro- 
bably be  found  swollen  above  the  aneurysm.  The  vagus  nerve,  from  its 
close  proximity  to  the  sac,  becomes  stretched  and  more  or  less  flattened. 

Enlarged  lymphatic  glands  overlying  the  common  carotid  artery 
have  been  mistaken  for  an -aneurysm,  in  consequence  of  receiving  a 
transmitted  pulsation.  Confusion  has  also  arisen  with  pulsating  broncho- 
celes  ;  a  useful  sign  to  be  noted  in  the  latter  case  is,  that  an  enlarged 
thyroid  moves  up  and  down  with  the  larynx  and  trachea. 

Digital  compression  of  the  common  carotid  artery  is  sometimes 
carried  out  for  the  purpose  of  controlling  the  circulation  in  the  artery 
in  cases  of  intra-orbital  aneurysm,  or  as  a  temporary  means  of  arresting 
haemorrhage  in  stab  wounds,  etc.  The  most  suitable  point  for  exerting 
compression  is  in  the  lower  part  of  the  neck,  at  the  level  of  the  anterior 
tubercle  of  the  transverse  process  of  the  sixth  cervical  vertebra,  also 
known  as  the  carotid  tubercle  or  the  tubercle  of  Chassaignac.  Pressure 
should  not  be  employed  immediately  below  this  point  for  fear  of  also 
compressing  the  vertebral  artery,  which  ascends  from  below  to  enter 
the  foramen  in  the  transverse  process  of  this  vertebra.  Another  way  in 
which  the  artery  may  be  compressed  is  by  grasping  the  anterior  margin 
of  the  sterno-mastoid  firmly  between  the  finger  and  thumb,  the  neck 
being  slightly  flexed  so  as  to  relax  the  tissues. 

Ligature  of  the  Artery  may  be  performed  either  above  or  below  the 
point  where  it  is  crossed  by  the  omo-hyoid  muscle.  The  principal 
conditions  for  which  this  operation  is  undertaken  are,  (i)  Wound  of  the 
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artery,  (2)  Aneurysm  of  the  artery.  The  ligature  may  be  applied  either 
at  the  proximal  or  distal  side  of  the  sac,  depending  upon  the  level  of  the 
latter  in  the  neck.  (3)  Aneurysm  within  the  orbit.  (4)  Profuse 
haemorrhage  following  deep  punctured  wounds  in  the  upper  part  of  the 
neck.  (5)  Profuse  haemorrhage  occurring  as  a  sequela  of  deep  ulcera- 
tion  of  the  throat. 

Ligature  above  the  omo-liyoid  muscle  {Place  of  Election}. — The  skin  in- 
cision is  about  three  inches  in  length,  and  lies  in  the  direction  of  the  vessel, 
i.e.  on  a  line  drawn  from  the  sterno-clavicular  articulation  to  a  point  situated 
midway  between  the  angle  of  the  jaw  and  the  mastoid  process,  and  the 
centre  of  the  incision  is  in  a  line  with  the  anterior  arch  of  the  cricoid 
cartilage.  The  superficial  structures  having  been  divided,  the  deep 
fascia  is  cut  in  front  of  the  sterno-mastoid  and  the  muscle  is  drawn 
backwards.  The  omo-hyoid  is  exposed  at  the  lower  angle  of  the  wound 
and  is  drawn  downwards  and  inwards,  and  if  the  thyroid  gland  is 
unusually  large  it  is  also  drawn  inwards.  Care  should  be  taken  of  the 
veins  which  cross  the  artery,  and  of  the  sterno-mastoid  artery.  The 
descendens  hypoglossi  nerve,  if  seen,  is  drawn  outwards.  The  sheath 
of  the  artery  is  now  identified  and  opened  on  its  inner  aspect,  at  the 
level  of  the  cricoid  arch.  The  needle  is  passed  around  the  artery 
from  without  inwards,  i.e.  from  the  vein,  and  care  should  be  taken  to 
prevent  inclusion  of  the  vagus  nerve. 

Ligature  below  the  omo-hyoid  muscle. — The  skin  incision  is  made  in 
front  of  the  sterno-mastoid  muscle,  from  the  level  of  the  cricoid  cartilage  to 
the  upper  border  of  the  sterno-clavicular  articulation.  As  the  superficial 
tissues  are  being  divided,  the  anterior  jugular  vein  may  get  in  the  way 
and  require  division  between  two  ligatures.  The  deep  fascia  is  divided 
and  the  sterno-mastoid  drawn  outwards.  The  three  flat  muscles  with 
their  ensheathing  fascia  (pretracheal}  are  now  exposed.  The  sterno- 
hyoid  and  sterno-thyroid  are  drawn  downwards  and  inwards,  and  if 
necessary  the  omo-hyoid  is  divided.  The  lateral  lobe  of  the  thyroid 
gland  which  conceals  the  artery  is  strongly  retracted  towards  the  middle 
line,  and  at  the  same  time  the  sheath  of  the  vessels  comes  fully  into  view. 
It  is  opened  and  the  needle  passed  as  before. 

On  the  left  side,  the  internal  jugular  vein  has  a  tendency  to  overlie 
the  artery  and  may  require  to  be  drawn  outwards.  The  deep  position  of 
the  left  common  carotid  artery  at  the  root  of  the  neck  increases  the 
difficulty  of  the  operation  on  this  side ;  on  the  right  side  the  vessel 
is  much  more  superficial  (fig.  62). 

The  collateral  circulation  after  ligature  of  the  common  carotid  artery 
is  maintained  (a)  by  the  free  anastomosis  between  the  branches  of  the  two 
external  carotid  arteries,  (b)  by  the  anastomosis  between  the  superior  and 
inferior  thyroid  arteries,  and  (c)  by  the  anastomosis  in  the  occipital  region 
between  the  arteria  profunda  cervicis,  a  branch  of  the  superior  inter- 
costal (subclavian)  and  the  arteria  princeps  cervicis,  a  branch  of  the 
occipital  artery. 

Loss  of  blood  supply  to  the  brain  is  largely  obviated  by  the  free 
anastomoses  which  are  effected  by  the  circle  of  Willis  (p.  33).  These, 
however,  are  not  always  sufficient  to  meet  the  requirements  of  the  case, 
and  herein  consists  the  chief  danger  of  the  operation.  The  cutting  off 
of  the  cerebral  blood  supply  may  cause  syncope,  muscular  twitchings, 
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giddiness,  and  impairment  of  sight,  and,  after  some  days,  symptoms 
indicative  of  cerebral  softening  may  make  their  appearance,  viz.,  con- 
vulsions and  hemiplegia,  terminating  in  death. 

THE  EXTERNAL  CAROTID  ARTERY.— This  vessel  is  the  smaller  of  the  two 
terminal  branches  of  the  common  carotid,  and,  at  its  origin,  is  placed  in  front  and  to  the  inner 
side  of  the  internal  carotid.  It  is  called  '  external '  because  it  supplies  the  face  and  the  tissues 
which  invest  the  exterior  of  the  skull.  As  it  ascends  it  describes  a  gentle  curve,  the  convexity 
of  which  is  directed  forwards,  and  it  ends  deeply  within  the  parotid  recess,  opposite  the  neck 
of  the  lower  jaw,  by  dividing  into  the  internal  maxillary  and  superficial  temporal  arteries. 
At  first  it  lies  within  the  carotid  triangle,  overlapped  by  the  anterior  margin  of  the  sterno- 
mastoid  muscle ;  it  leaves  the  triangle,  however,  by  passing  beneath  the  digastric  and  stylo-hyoid 
muscles,  and  at  the  same  time  comes  into  relationship  with  the  deep  aspect  of  the  parotid 
gland.  Its  length,  on  an  average,  amounts  to  2\  inches.  As  it  ascends,  it  becomes  separated 
from  the  internal  carotid  artery  by  a  gradually  increasing  distance,  and  at  the  level  of  the 
parotid  region  the  two  vessels  are  separated  by  the  stylo-glossus  and  stylo-pharyngeus  muscles, 
the  glosso-pharyngeal  nerve  and  the  pharyngeal  branch  of  the  vagus,  and  by  the  stylo-hyoid 
ligament. 

The  first  part  of  the  artery,  I  to  \\  inches  in  length,  i.e.  from  its  origin  to  the  lower  border 
of  the  digastric  muscle,  is  the  one  usually  selected  for  the  application  of  a  ligature.  In  addition 
to  the  superficial  tissues,  the  structures  which  overlie  this  stage  are  the  deep  cervical  fascia, 
which  is  very  strong  at  this  level,  and  maintains  the  sterno-mastoid  in  close  proximity  to  the 
angle  of  the  lower  jaw,  so  that  it  overlaps  the  artery.  In  front  of  the  artery  will  also  be  found 
the  lingual  and  facial  veins,  one  or  more  lymphatic  glands,  and  the  hypoglossal  nerve  which 
is  directed  transversely  and  gives  off  here  its  descending  branch  (fig.  57). 

The  internal  laryngeal  nerve  crosses  obliquely  behind  this  stage  of  the  artery,  and  to  its 
inner  side  are  situated  the  great  cornu  of  the  hyoid  bone  and  the  submaxillary  gland.  To 
expose  the  artery  above  the  carotid  triangle,  it  would  be  necessary  to  draw  forwards  the  angle 
of  the  lower  jaw,  to  remove  the  greater  part  of  the  parotid  gland,  the  temporo-maxillary  vein,  the 
facial  nerve,  the  stylo-hyoid  and  digastric  muscles,  and  some  deep  cervical  glands  (these 
relationships  are  clearly  represented  in  fig.  27). 

The  branches  given  off  by  the  external  carotid  are  as  follows  : — 

(a)  Below    the    digastric    muscle,   the   ascending   pharyngeal,    superior   thyroid,    lingual, 
facial,  and  occipital  arteries.     The  origin  of  the  ascending  pharyngeal  artery  is  situated  usually 
close  to  the  bifurcation  of  the  common  carotid.     The  superior  thyroid  artery  arises  from  the 
anterior  aspect  of  the  external  carotid  near  its  commencement,  the  lingual  artery  at  the  level  of 
the  great  cornu  of  the  hyoid  bone,  and  the  facial  artery  a  little  higher  up.     The  occipital  artery 
arises  from  the  posterior  aspect  of  the  external  carotid  at  the  same  level,  or  slightly  above  the 
facial. 

(b)  Above,  the  digastric  muscle,  the  branches  of  the  external  carotid  artery  are  the  posterior 
auricular,  superficial  temporal,  and  internal  maxillary  arteries  ;   these  have  been  already  dealt 
•with  elsewhere. 

Ligature  of  the  external  Carotid  Artery  is  to  be  preferred  to  that  of 
the  common  carotid,  as  it  does  not  interfere  with  the  cerebral  circulation. 
It  is  sometimes  performed  as  a  preliminary  step  in  certain  operations, 
such  as  excision  of  the  upper  jaw,  the  removal  of  a  malignant  growth 
from  the  pharyngeal  wall,  or  a  parotid  tumour.  It  may  also  be  required 
in  cases  of  middle  meningeal  haemorrhage  when  an  attempt  to  secure 
the  bleeding  point  has  proved  unsuccessful.  It  has  been  practised  for 
cirsoid  aneurysm  of  the  scalp,  but  owing  to  the  free  collateral  anastomoses 
in  these  cases,  ligature  of  this  artery  is  usually  insufficient. 

Operation. — The  ligature  is  applied  to  the  artery  in  the  carotid 
triangle,  i.e.  below  the  digastric  muscle.  The  vessel  at  this  level  is 
comparatively  superficial,  and  a  ligature  applied  here  controls  the  greater 
number  of  its  branches ;  it  also  avoids  injury  of  the  facial  nerve  and  of 
the  parotid  gland.  The  usual  site  selected  for  the  ligature  is  between 
the  origins  of  the  superior  thyroid  and  lingual  arteries  (fig.  57).  The 
skin  incision  is  directed  in  the  course  of  the  vessel  from  a  point  opposite 
the  angle  of  the  lower  jaw  to  the  level  of  the  upper  border  of  the  thyroid 
cartilage.  The  superficial  tissues  and  deep  fascia  having  been  divided, 
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the  anterior  border  of  the  sterno-mastoid  muscle  is  exposed  and  fully 
retracted.  If  the  parotid  gland  project  downwards,  it  must  be  gently 
raised  so  as  to  bring  into  view  the  digastric  tendon  and  the  hypoglossal 
nerve,  which  crosses  the  artery  at  this  level.  The  tip  of  the  great  cornu 
of  the  hyoid  bone  is  a  useful  guide,  as  it  indicates  approximately 
the  level  at  which  the  ligature  is  to  be  applied.  The  superior  thyroid,, 
lingual,  and  common  facial  veins  frequently  overlie  this  part  of  the 
artery ;  if  they  cannot  be  readily  drawn  aside,  they  must  be  divided 
between  ligatures.  The  descendens  hypoglossi  nerve,  if  exposed,  is 
drawn  outwards,  and  it  may  be  necessary  to  turn  aside  one  or  more 
lymphatic  glands  which  directly  overlie  the  sheath  of  the  vessel.  When 
the  latter  is  opened,  the  needle  is  passed  from  without  inwards,  and  the 
internal  laryngeal  nerve,  which  lies  close  behind  the  artery,  is  carefully 
avoided. 

The  collateral  circulation,  after  ligature  of  the  external  carotid  artery,, 
is  carried  on  by  the  anastomoses  between  the  superior  thyroid,  lingual,, 
facial  and  occipital  arteries  of  opposite  sides  ;  by  anastomoses  between 
the  facial  artery  on  the  one  hand,  the  ethmoidal,  palpebral,  supra-orbital 
and  nasal  branches  of  the  ophthalmic  artery  (int.  carotid}  on  the  other 
and  by  the  anastomosis  between  the  arteria  profunda  cervicis  (superior 
intercostal)  and  the  arteria  princeps  cervicis  (occipital). 

THE  INTERNAL  CAROTID  ARTERY.— This  vessel  is  the  larger  of  the  two 
terminal  branches  of  the  common  carotid  artery,  and  extends  from  the  level  of  the  upper  border 
of  the  thyroid  cartilage  into  the  interior  of  the  cranium,  where,  having  perforated  the  dura  mater, 
it  terminates  beside  the  anterior  clinoid  process  at  the  base  of  the  brain,  by  dividing  into  the 
anterior  and  middle  cerebral  arteries.  Between  these  two  points  it  traverses  the  upper  part  of 
the  neck,  the  carotid  canal  in  the  petrous  portion  of  the  temporal  bone,  and  the  foramen 
lacerum  medium.  It  is  at  first  comparatively  superficial,  viz.,  within  the  carotid  triangle,  lying 
behind  and  somewhat  deeper  than  the  external  carotid.  As  it  ascends  it  passes  beneath  the 
parotid  gland,  the  digastric  and  stylo-hyoid  muscles  ;  it  is  crossed  by  the  hypoglossal  nerve, 
by  the  occipital  and  posterior  auricular  arteries,  and  is  separated  from  the  external  carotid 
artery  by  the  stylo-glossus  and  stylo-pharyngeus  muscles,  the  glosso-pharyngeal  nerve,  the 
pharyngeal  branch  of  the  vagus  nerve,  and  the  stylo-hyoid  ligament. 

This  important  vessel  has  already  been  under  observation  more  than 
once  ;  it  has  been  seen  to  enter  into  the  formation  of  the  circle  of  Willis 
at  the  base  of  the  brain  ;  its  middle  cerebral  branch  has  been  considered  in 
its  more  important  pathological  aspects  ;  the  main  trunk  of  the  vessel  also- 
has  been  seen  to  have  an  important  relationship  to  the  pharyngeal  wall 
and  to  the  tonsil,  and  its  applied  anatomy,  as  it  lies  within  the  cavernous 
sinus,  has  been  included  with  that  of  the  blood-vessels  (ophthalmic)  within 
the  orbital  cavity. 

The  internal  carotid  artery  shows  a  marked  tendency  to  assume  a 
tortuous  course  in  its  cervical  stage  in  elderly  subjects ;  this,  doubtless,  is 
due  to  its  fixity  where  it  enters  the  carotid  canal,  and  the  laxity  of  its 
surroundings  in  its  cervical  stage.  As  the  vessel  becomes  atheromatous 
it  usually  develops  one  or  more  curves  between  its  upper  and  lower  fixed 
points,  and  at  the  same  time  may  come  into  very  close  relationship  with 
the  pharyngeal  wall. 

The  internal  carotid  artery  is  but  seldom  ligatured.  Its  most 
accessible  part  is  that  which  is  situated  within  the  carotid  triangle,  and 
the  operative  measures  attending  its  ligature  are  very  similar  to  those 
described  above  in  connection  with  the  external  carotid  artery,  except 
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that  when  the  latter  is  recognised  it  is  drawn  inwards  and  forwards,  the 
digastric  muscle  being  at  the  same  time  drawn  upwards.  The  relations 
of  the  internal  jugular  vein  and  vagus  nerve  to  the  internal  carotid  artery 
are  the  same  as  in  the  case  of  the  common  carotid,  and  the  same  pre- 
cautions are  necessary  in  passing  the  ligature  around  the  vessel  in  this 
operation. 

The  Internal  Jugular  Vein  commences  in  the  jugular  fossa  of  the  petrous  bone,  in  a 
dilatation  called  '  the  bulb  '  which  is  formed  by  the  junction  of  the  lateral  and  inferior  petrosal 
sinuses.  Beneath  the  basis  cranii  it  is  situated  behind  and  somewhat  to  the  outer  side  of  the 
internal  carotid  artery,  the  two  vessels  being  separated  by  the  glosso-pharyngeal,  vagus,  and 
hypoglossal  nerves.  Lower  down  it  lies  outside  and  partially  overlaps  the  common  carotid  artery, 
especially  on  the  left  side,  and  together  with  the  artery  and  the  vagus  nerve  is  contained  within  the 
'  carotid  sheath.'  It  joins  the  subclavian  vein  behind  the  sterno-clavicular  articulation,  the 
resulting  trunk  being  known  as  the  innominate  vein.  The  principal  tributaries  which  it  receives 
are  the  pharyngeal,  common  facial,  lingual,  superior,  and  middle  thyroid  veins. 

In  a  surgical  sense  the  internal  jugular  vein  is  a  vessel  in  which  an 
unusual  amount  of  interest  is  centred,  as  it  is  liable  to  be  affected  by 
septic  thrombo-phlebitis  originating  within  the  lateral  sinus.  Under 
such  conditions  the  vein  becomes  swollen,  hard,  and  cordlike,  and  may 
sometimes  be  detected  by  gentle  pressure  along  the  anterior  margin  of  the 
sterno-mastoid  in  the  upper  part  of  the  neck.  Disintegration  of  an  infec- 
tive thrombus  within  the  lateral  sinus  or  within  the  vein  itself,  is  liable  to 
be  followed  by  general  pyaemia,  in  consequence  of  the  dissemination  of 
septic  emboli  throughout  the  body.  A  destructive  ulceration  of  the  vein 
wall  is  sometimes  followed  by  an  acute  infective  cellulitis  in  the  surrounding 
connective  tissue  and  enlargement  of  the  neighbouring  lymphatic  glands, 
terminating  in  a  large  submastoid  abscess.  In  order  to  obviate  these 
grave  complications  Horsley  proposed  to  expose  the  vein  in  the  neck 
and  divide  it  between  two  ligatures  before  attempting  the  evacuation  of 
an  infective  clot  within  the  lateral  sinus.  This  procedure  has  of  late 
years  been  carried  out  in  several  instances.  A  large  number  of  the  deep 
cervical  chain  of  lymphatic  glands  are  closely  applied  to  the  sheath  of  the 
vein,  and  when  they  undergo  enlargement  in  the  course  of  tubercular  or 
malignant  disease  they  not  infrequently  become  adherent  to  the  vessel, 
so  that  their  removal  is  rendered  very  difficult,  and  may  be  attended  by 
rupture  of  the  vein  wall  and  alarming  haemorrhage.  In  such  cases  the 
proper  course  to  adopt  is  to  ligature  the  vein  in  two  places,  and  resect 
the  included  portion  together  with  the  glandular  mass. 

•  A  wound  of  one  of  the  large  veins  of  the  neck,  more  especially  in 
the  lower  cervical  region,  is  attended  with  great  risk,  in  consequence  of 
the  tendency  there  is  for  air  to  be  sucked  in  during  the  fall  of  blood 
pressure  which  occurs  in  these  vessels  during  inspiration  (see  air  em- 
bolism). 
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This  region  adjoins  the  thoracic  inlet,  and  is  occupied  mainly  by  structures  which  enter  or 
emerge  from  the  cavity  of  the  thorax.  On  each  side  of  the  neck  there  is  another  communicating 
passage  between  the  lower  cervical  region  and  the  axilla,  which  transmits  the  subclavian  vessels 
and  the  large  nerves  of  the  brachial  plexus ;  it  will  be  fully  considered  presently  in  connection 
with  the  posterior  or  supraclavicular  triangle. 

Many  of  the  structures  which  traverse  the  thoracico-cervical  region  have  already  come  under 


222 


APPLIED  ANATOMY 


Interclavicular  Ligament 
Interarticular  Fibro-cartilage. 
Right  Common  Carotid  Art. 

Right  Vagus  N.          |          ,' 
Right  Internal  Jugular  V. 
Internal  Mammary  Art.     • 

Phrenic  Nerve. 
Scalenus  Anticus  M. 

Suhclavian  | 

Art.— 3rd 
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Left  Common  Carotid  Art. 
Left  Vagus  N. 

Left  Internal  Jugular  V. 
;  Phrenic  Nerve. 

:      Scalenus  Anticus  M. 
Left  Subclavian  V. 
Origin  of  Left  Subclavius  M. 
Internal  Intercostal  M. 

External 
Intercostal  M. 


Internal  Mammary  Vein.     Internal  Mammary  Art. 

FIG.  62. — Dissection  of  the  root  of  the  neck,  the  right  sterno-clavicular  articulation,  and  the 
upper  intercostal  spaces.  The  large  arteries — common  carotid,  subclavian — are  much  nearer 
to  the  surface  upon  the  right  than  upon  the  left  side.  The  arch  described  by  the  right  sub- 
clavian artery  is  a  little  higher  than  usual.  The  principal  nerve  relationships  of  the  right 
subclavian  artery  are  clearly  seen.  A  section  has  been  made  through  the  inner  extremity  of 
the  right  clavicle,  the  right  sterno-clavicular  articulation,  and  the  upper  part  of  the  right  half  of 
the  sternum.  Note  particularly  the  shape,  thickness,  and  attachments  of  the  interarticular 
fibro-cartilage  of  the  sterno-clavicular  joint.  The  internal  mammary  vessels  have  been 
exposed  in  part  of  their  extent  upon  the  left  side,  and  also  the  anterior  mediastinal  lym- 
phatic glands.  Observe  the  two  strata  of  intercostal  muscles. 
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observation,  viz.,  the  trachea,  oesophagus,  left  recurrent  laryngeal  nerve,  common  carotid 
arteries,  the  vagi  and  sympathetic  nerves.  Others  remain  for  consideration,  but  before  entering 
more  fully  into  the  details  of  their  anatomy  it  should  be  noted  that  there  is  a  remarkable  want  of 
symmetry  between  the  large  vessels  on  the  two  sides  ;  thus,  on  the  left  side  the  common  carotid 
and  subclavian  arteries  arise  directly  from  the  arch  of  the  aorta  and  are  very  deeply  placed  (fig. 
62),  on  the  right  side  they  spring  from  the  innominate  artery,  and  are  much  more  superficial. 
This  want  of  symmetry  is  also  seen  in  the  course  and  relationships  of  the  two  innominate  veins. 

The  greater  part  of  the  thoracico-cervical  region  is  overlaid  by  the  sterno-mastoid  muscles, 
and  the  reader  is  referred  to  the  account  given  above  of  their  deep  relations.  The  scalenus 
anticus  muscle  on  each  side,  which  descends  on  a  deeper  plane  and  parallel  to  the  outer  or  clavic- 
ular head  of  the  sterno-mastoid,  is  a  deep  landmark  of  very  great  value,  as  it  lies  on  the  border- 
land between  the  central  and  lateral  communicating  passages  just  mentioned.  Its  relationships 
will  be  most  readily  understood  by  following  the  steps  of  a  dissection  at  the  root  of  the  neck. 

Dissection  of  the  Root  of  the  Neck. —The  skin,  subcutaneous  tissue,  the  fibres  of  the 
platysma  muscle,  together  with  the  descending  suprasternal  and  supraclavicular  nerves,  are  first 
turned  aside,  bringing  into  view  on  each  side  the  sternal  and  clavicular  heads  of  the  sterno- 
mastoid  muscle,  enclosed  within  a  thin  ensheathing  layer  of  the  deep  cervical  fascia.  Both 
muscles  are  divided  close  to  the  sternum  and  clavicle  and  turned  upwards,  and  at  the  same 
time  the  suprasternal  pouch  formed  by  the  deep  fascia  is  opened  up,  and  the  lower  extremity 
of  the  anterior  jugular  vein  and  the  cross  branch  by  which  it  is  connected  with  its  fellow  are 
brought  into  view.  The  sterno-hyoid  and  sterno-thyroid  muscles,  with  their  investing  fascia 
(pretracheaf),  are  divided  low  down  and  reflected  in  an  upward  direction  (fig.  58).  The  large 
vessels  are  now  exposed,  and  it  will  be  seen  that  the  lower  part  of  the  internal  jugular  and  the 
terminal  segment  of  the  subclavian  vein  which  crosses  in  front  of  the  scalenus  anticus  muscle 
conceal  most  of  the  deeper  structures  (fig.  60).  Supposing  that  the  dissection  is  being  made  on 
the  right  side,  retraction  of  the  internal  jugular  vein  outwards  will  bring  into  view  the  ter- 
mination of  the  innominate  artery,  the  commencement  of  the  common  carotid,  and  the  first 
stage  of  the  subclavian  artery,  directed  almost  transversely  outwards.  This  latter  vessel  is 
crossed  in  a  vertical  direction  by  the  vagus  nerve,  which  gives  off  its  recurrent  branch  at  this 
level,  by  one  or  more  cardiac  branches  of  the  sympathetic,  and  by  the  vertebral  vein.  Further 
outwards,  the  inner  margin  of  the  scalenus  anticus  muscle  is  exposed,  and  also  the  phrenic 
nerve  which  descends  in  front  of  it  to  the  mediastinum  (fig.  62).  Should  the  thoracic  cavity  be 
opened,  a  finger  introduced  into  contact  with  the  concavity  of  the  cetvical  dome  of  the  pleura 
will  reveal  the  fact  that  it  is  related  immediately  to  the  deep  aspect  of  the  artery. 

On  the  left  side  it  will  be  seen  that  the  common  carotid  and  subclavian  arteries  are  placed 
very  deeply,  and  that  the  vagus  nerve  descends  between  them. 

The  relations  of  the  scalenus  anticus  muscle  deserve  special  attention.  From  below  upwards 
the  following  structures  will  be  found  overlying  it  and  occupying  the  slit-like  interval  between  it 
and  the  sterno-mastoid  :  the  subclavian  vein,  the  terminal  portion  of  the  external  jugular  vein,  the 
suprascapular  artery,  and,  higher  up,  the  transversalis  colli  artery,  or  if  this  be  absent,  the  super- 
ficial cervical  artery,  the  omo-hyoid  muscle,  and  the  phrenic  nerve.  The  last  named  structure  is 
applied  directly  against  the  muscle,  and  gradually  inclines  inwards  as  it  descends.  By  its  inner 
margin  the  muscle  is  related  to  and  partly  overlapped  by  the  internal  jugular  vein.  Along  this 
margin  are  also  found  the  thyroid  axis  artery  and  its  branches  and  the  vertebral  artery  ;  this  latter 
vessel  is  deeply  placed  in  the  groove  between  the  scalenus  anticus  and  longus  colli  muscles. 

Between  the  scalenus  anticus  in  front  and  the  middle  and  posterior  scalene  muscles  behind 
there  is  another  slit-like  space,  which  contains  the  large  nerve  trunks  which  go  to  form  the 
brachial  plexus,  and  the  subclavian  artery  (fig.  63).  Immediately  above  the  first  rib  the  deep 
aspect  of  the  scalenus  anticus  muscle  is  related  to  the  cervical  pleura. 

The  Innominate  Artery  is  the  largest  of  the  branches  which  spring  from  the  arch  of  the 
aorta.  It  varies  in  length  from  one  to  two  inches,  and  extends  from  a  point  adjoining  the  com- 
mencement of  the  arch  upwards  and  to  the  right,  and  divides  at  the  level  of  the  upper  border  of 
the  right  sterno-clavicular  articulation  into  the  right  subclavian  and  right  common  carotid  arteries. 
Its  more  immediate  anterior  relations  are  the  left  innominate  vein,  which  crosses  it  near  its  origin, 
and  one  or  both  inferior  thyroid  veins.  Some  cardiac  branches  of  the  vagus  nerve  also  descend  in 
front  of  it.  At  first  it  lies  in  front  of  the  trachea,  but  gradually  inclines  to  its  right  side.  The 
artery  is  related  on  its  right  side  to  the  right  innominate  vein,  the  right  vagus  nerve,  and  the 
pleura.  On  its  left  side  it  is  related  to  the  left  common  carotid  artery  and  the  trachea  (fig.  106). 

The  level  of  bifurcation  of  the  innominate  artery  is  somewhat  variable  ;  it  may  take  place 
somewhat  lower  than  the  point  just  indicated  or  at  a  still  higher  level,  and  in  the  latter  case  it 
will  constitute  an  anterior  relation  of  the  cervical  stage  of  the  trachea.  As  already  mentioned, 
the  innominate  artery  occasionally  gives  off  a  branch  known  as  the  thyroidea  ima. 

Aneurysm  of  the  Innominate  Artery  is  not  infrequently  associated 
with  a  similar  condition  in  the  adjoining  part  of  the  aorta.  In  conse- 
quence of  the  numerous  important  structures  which  are  grouped  around 
the  innominate  artery,  the  aneurysmal  sac  may  cause  serious  compression 
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symptoms.  As  it  continues  to  expand  it  soon  becomes  evident  behind 
the  right  sterno-clavicular  articulation,  and  fills  up  the  suprasternal 
depression,  pushing  forward  the  sterno-mastoid  muscle.  Pressure  on 
the  innominate  veins  causes  their  large  tributaries  at  the  root  of  the 
neck  to  become  greatly  swollen,  and  there  may  possibly  be  oedema  of 
the  right  upper  limb.  Dyspnoea  follows  compression  of  the  trachea, 
and  laryngeal  cough  and  hoarseness  are  indicative  of  compression  of 
the  right  recurrent  laryngeal  nerve.  Pressure  on  the  oesophagus  will 
account  for  increasing  difficulty  in  swallowing. 

Ligature  of  the  Innominate  Artery  has  been  undertaken  on  several 
occasions  for  the  cure  of  aneurysm  of  the  right  subclavian  or  common 
carotid  artery,  but  very  few  successes  have  been  recorded,  the  majority 
of  the  cases  having  terminated  fatally  through  secondary  haemorrhage. 
The  anatomy  of  the  operation  closely  resembles  that  already  described 
for  ligature  of  the  common  carotid  artery  in  the  lower  part  of  the  neck. 
The  skin  incision  extends  down  in  front  of  the  sterno-mastoid  muscle, 
and  from  the  sterno-clavicular  articulation  outwards  over  the  inner  third 
of  the  clavicle.  The  sterno-mastoid  muscle  is  divided  close  to  its  origin 
and  turned  upwards,  the  sterno-hyoid  and  thyroid  muscles  are  also 
divided,  together  with  their  investing  fascia.  The  anterior  jugular  vein 
may  require  to  be  ligatured  and  divided.  The  common  carotid  artery 
is  now  recognised,  the  internal  jugular  vein  having  previously  been 
drawn  outwards.  By  following  this  vessel  downwards,  its  parent  stem 
the  innominate  is  exposed.  Should  the  latter  be  longer  than  usual,  the 
final  steps  of  the  operation  are  much  facilitated.  The  needle  is  passed 
around  it  from  below  upwards  and  from  without  inwards,  care  being 
taken  to  avoid  the  vagus  nerve,  the  right  innominate  vein,  and  the  right 
pleura. 

The  collateral  circulation  is  carried  on  mainly  by  the  following  vessels  : 
(i)  the  first  aortic  intercostal  artery,  anastomosing  with  the  superior 
intercostal  of  the  subclavian  ;  (2)  the  internal  mammary  artery,  anas- 
tomosing with  the  aortic  intercostals  and  with  the  thoracic  branches 
of  the  axillary  artery  ;  (3)  the  internal  mammary,  anastomosing  with  the 
deep  epigastric  artery  within  the  rectus  sheath  ;  (4)  the  musculo-phrenic 
branch  of  the  internal  mammary  artery,  anastomosing  with  the  inferior 
phrenic  branch  of  the  abdominal  aorta  within  the  diaphragm  ;  (5)  the 
circle  of  Willis  at  the  base  of  the  brain  and  (6)  the  branches  of  the 
external  carotid  arteries  of  both  sides. 

THE  SUBCLAVIAN  ARTERY.— This  large  arterial  trunk  arises  from  the  aortic  arch 
on  the  left  side  and  at  the  bifurcation  of  the  innominate  on  the  right  side  ;  on  both  sides  it  forms 
a  curve  at  the  root  of  the  neck,  and  is  continued  as  the  axillary  artery  beyond  the  outer  border 
of  the  first  rib.  The  first  stage  of  the  vessel  terminates  at  the  inner  border  of  the  scalenus 
anticus,  the  second  stage  lies  behind  this  muscle,  and  the  third  stage  extends  between  the  outer 
border  of  the  muscle  and  the  outer  border  of  the  first  rib. 

The  structures  which  are  related  to  the  first  and  second  stages  of  the  artery  have  been 
noted  in  the  course  of  the  dissection  of  the  root  of  the  neck  described  above. 

The  branches  of  the  first  stage  are — (i)  The  vertebral  artery.  This  large  and  important 
branch  arises  from  the  upper  and  posterior  part  of  the  subclavian  and  ascends  between  the 
scalenus  anticus  and  longus  colli  muscles  to  the  foramen  in  the  transverse  process  of  the  sixth 
cervical  vertebra.  (2)  The  internal  mammary  artery.  This  branch  comes  off  the  lower  border  of 
the  main  vessel,  close  to  the  inner  border  of  the  scalenus  anticus  from  which  it  descends  and  at 
the  same  time  inclines  inwards  behind  the  clavicle  and  enters  the  thorax  behind  the  first  costal 
cartilage.  (3)  The  thyroid  axis.  This  branch  arises  at  the  inner  border  of  the  scalenus  anticus 
muscle  opposite  the  internal  mammary,  and  almost  immediately  divides  into  its  three  terminal 
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branches,  viz.,  the  inferior  thyroid,  suprascapular,  and  transversalis  colli  arteries.  (4)  The 
superior  intercostal  artery  arises  from  the  back  part  of  the  first  or  second  stage  of  the  subclavian. 
It  is  directed  backwards  and  upwards  over  the  apex  of  the  pleura,  and  then  turns  downwards 
and  enters  the  thorax  over  the  neck  of  the  first  rib.  It  gives  off  the  deep  cervical  artery,  which 
ascends  deeply  in  the  neck  between  the  semispinalis  and  complexus  muscles  to  anastomose 
with  the  arteria  princeps  cervicis — a  branch  of  the  occipital.  The  superior  intercostal  artery 
also  furnishes  the  vessel  which  supplies  the  first  intercostal  space,  and  occasionally  the  second 
space  also. 

The  following  points  of  difference  between  the  first  stage  of  the  subclavian  artery  on  the 
right  and  left  sides  are  deserving  of  notice. 

On  the  left  side,  the  first  stage  is  longer  and  much  deeper  than  on  the  right ;  it  ascends  at 
first  with  a  nearly  vertical  direction  and  then  bends  outwards,  whereas  on  the  right  side  the 
first  stage  usually  is  directed  almost  horizontally  outwards.  The  internal  jugular  vein  and  the 
vagus  nerve  run  parallel  to  the  first  stage  on  the  left  side  ;  on  the  right  side  they  cross  the 
vessel  almost  at  right  angles.  On  the  left  side  the  recurrent  laryngeal  nerve  lies  well  to  the 
inner  side  of  the  artery,  on  the  right  side  it  curves  round  its  deep  aspect.  The  thoracic  duct  and 
the  oesophagus  are  exclusively  related  to  the  left  subclavian  artery ;  the  former  passes  behind 
the  artery,  and  at  the  root  of  the  neck  rises  high  above  it  and  then  bends  forwards  and  down- 
wards in  front  of  the  artery  to  gain  the  deep  aspect  of  the  left  innominate  vein  at  its  origin. 
It  will  readily  be  understood,  therefore,  that  to  ligature  the  first  stage  of  the  subclavian  artery 
is  a  much  more  difficult  procedure  on  the  left  than  on  the  right  side. 

Aneurysm  of  the  subclavian  artery  is  most  frequently  observed  on 
the  right  side,  which  is  probably  due  to  the  fact  that  the  right  upper 
extremity  is  more  exposed  to  injury  and  is  exercised  to  a  much  greater 
extent  than  the  left.  The  aneurysm  has  its  origin,  as  a  rule,  in  the  third 
stage  of  the  vessel,  i.e.  beyond  the  outer  margin  of  the  scalenus  anticus 
muscle,  and  appears  as  a  tumour  in  the  posterior  triangle  of  the  neck,  im- 
mediately above  the  clavicle.  As  it  increases  it  may  fill  up  the  entire 
interval  between  the  sterno-mastoid  and  the  trapezius,  compressing  the 
brachial  nerves,  and  causing  both  motor  and  sensory  phenomena,  viz., 
paralysis  and  loss  of  sensation,  throughout  the  respective  areas  of 
distribution  of  these  large  trunks.  QEdema  of  the  hand  and  arm  may 
result  from  pressure  of  the  sac  upon  the  subclavian  vein.  The  external 
jugular  vein  becomes  dilated  and  varicose,  and  spasm  of  the  diaphragm 
may  succeed  pressure  upon  the  phrenic  nerve. 

Ligature  of  the  First  .Stage  of  the  Subclavian  Artery. — A 
glance  at  the  relationships  of  this  stage  of  the  artery  will  be  sufficient  to 
show  that  its  ligature  must  necessarily  be  attended  with  considerable 
difficulty.  The  vessel  is  also  deeply  situated,  and  it  gives  off  several 
large  branches  which  are  closely  grouped  together. 

The  anatomical  stages  of  the  operation  closely  resemble  that  just 
described  for  ligature  of  the  innominate  artery.  When  the  sterno-mastoid 
together  with  the  sterno-hyoid  and  sterno-thyroid  muscles  have  been 
divided  and  turned  upwards,  the  internal  jugular  vein  comes  into  view  and 
is  retracted  in  an  outward  direction.  The  common  carotid  artery  is  now 
identified  and  followed  downwards  until  the  subclavian  is  reached.  The 
vagus  nerve  is  carefully  sought  and  drawn  inwards.  The  ligature  is 
passed  around  the  artery  to  the  inner  side  of  its  vertebral  branch,  the 
needle  being  passed  from  below,  the  pleura  at  the  same  time  being 
carefully  avoided. 

This  operation  is  highly  instructive  as  an  anatomical  exercise,  but  it 
is  doubtful  if  it  should  ever  be  attempted  in  the  living  subject.  "  The 
operation,  so  far  as  present  experience  goes,  may  be  said  to  be  distinctly 
unjustifiable.  No  artery  could  be  less  favourably  placed  for  the  appli- 
cation of  a  ligature.  It  is  deeply  situated,  is  near  the  heart,  is  in  contact 
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with  the  pleura,  is  surrounded  by  immense  veins,  and  is  in  intimate 
relation  with  such  nerves  as  the  vagus,  the  phrenic,  the  recurrent 
laryngeal,  and  the  cardiac.  Moreover,  the  ligature  is  applied  about  a 
part  of  the  vessel  where  numerous  large  branches  are  arising  "  (Treves). 


THE  POSTERIOR  TRIANGLE  OF  THE  NECK. 

The  posterior  triangle  of  the  neck  corresponds  to  the  area  which  is  in- 
cluded between  the  posterior  margin  of  the  sterno-mastoid  muscle  in  front, 
the  anterior  margin  of  the  trapezius  behind,  and  the  middle  third  of  the 


External  Jugular  Vein.     , 
Lev.  Ang.  Scapulz  M. 

Trapezius  M.  _ 


5th  and  6th  Cerv. 
Nerves. 


Transversalis  Colli 
Art. 


•  Subclavian  Art. — 3rd  stage. 

Suprascapular  Vein. 

Descending  Supraclav.  Br.  of  Cerv.  Plexus. 
Omo-hyoid  M. 

FIG.  63. — Dissection  of  the  lower  part  of  the  posterior  triangle  of  the  neck — supraclavicular 
triangle.  The  boundaries  of  the  posterior  triangle  have  been  denned.  Observe  how  the 
space  is  crossed  by  the  descending  supraclavicular  branches  of  the  cervical  plexus,  and  that 
it  is  subdivided  into  two  minor  triangular  areas  by  the  posterior  belly  of  the  omo-hyoid 
muscle.  The  lower  or  omo-clavicular  triangle  contains  the  large  nerves  of  the  brachial 
plexus  and  the  subclavian  vessels.  The  subclavian  artery  (3rd  stage)  is  seen  emerging  from 
beneath  the  scalenus  anticus  muscle. 

clavicle  below.  The  dimensions  of  the  space  vary  a  good  deal  in 
different  cases,  depending  largely  upon  the  muscular  development  of  the 
individual.  Its  lower  and  deeper  part,  which  is  a  region  of  very  great 
surgical  importance,  forms  the  boundary  zone  between  the  root  of  the  neck 
and  the  axilla,  the  connecting  passage  between  these  two  regions  being 
bounded  in  front  by  the  clavicle  and  the  subclavius  muscle,  behind  by 
the  first  rib,  and  externally  by  the  coracoid  process  of  the  scapula.  At 
this  level  the  subclavian  are  continuous  with  the  axillary  vessels,  and  the 
large  nerve  cords  of  the  brachial  plexus  pass  towards  the  upper  limb. 

Dissection  of  the  Posterior  Triangle  (fig.  63).— The  skin,  subcutaneous  tissue,  and 
platysma  which  invest  the  lower  part  of  the  posterior  triangle  are  separated  from  the  subjacent 
parts  and  turned  aside.  This  brings  into  view  the  descending  supraclavicular  branches  of  the 
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cervical  plexus  and  the  lower  part  of  the  external  jugitlar  vein  where  it  pierces  the  deep  fascia  at 
a  point  situated  on  an  average  half  an  inch  above  the  clavicle,  and  immediately  behind  the  sterno- 
mastoid  muscle.  When  the  deep  fascia  is  removed,  the  muscular  boundaries  of  the  space  in  front 
and  behind  become  evident ;  some  fatty  tissue  also  is  exposed  and  embedded  in  it  are  some  super- 
ficial lymphatic  glands,  it  is  also  traversed  by  the  descending  cutaneous  nerves  just  mentioned. 
Somewhat  deeper,  the  posterior  belly  of  the  omo-hyoid  nmscle  is  exposed  ;  it  crosses  the  space 
•obliquely  from  below  and  behind — where  it  emerges  from  beneath  the  clavicle — upwards  and 
forwards,  and  disappears  under  the  sterno-mastoid  (fig.  63).  It  divides  the  posterior  triangle  into 
two  parts,  the  lower  of  which  is  known  as  the  subdavian  or  omo-clavicular  triangle  and  the 
boundaries  of  which  are,  in  front,  the  sterno-mastoid  muscle  or  the  scalenus  anticus,  which  lies 
upon  a  somewhat  deeper  plane,  above,  the  omo-hyoid,  below,  the  clavicle  and  the  subclavius 
muscle.  The  omo-hyoid  is  enclosed  within  a  well  defined  fascial  sheath,  derived  from  the  pre- 
tracheal  fascia,  and  a  continuation  of  this  layer  may  be  traced  downwards  to  the  clavicle,  to 
which  it  is  attached,  and  at  the  same  time  becomes  fused  with  the  sheath  of  the  subclavius 
muscle  and  with  the  outer  fibrous  investment  of  the  subclavian  vein  (fig.  64).  Sometimes  the 
omo-clavicular  fascia  maintains  the  omo-hyoid  muscle  in  such  close  connection  with  the  clavicle 
that  little  or  no  intervening  space  is  left,  and  in  such  cases  the  omo-clavicular  triangle  can 
scarcely  be  said  to  exist. 

When  the  omo-clavicular  fascia  is  removed,  the  deeper  part  of  the  posterior  triangle  is 
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FIG.  64. — Diagram  to  illustrate  the  arrangement  of  the  deep  cervical  fascia  at  the  level  of  the 
omo-clavicular  triangle,  and  its  connection  with  the  costo-coracoid  membrane  ;  the  con- 
nection of  the  latter  with  the  axillary  fascia  is  also  represented. 

exposed.  It  contains,  in  addition  to  some  fat  and  loose  connective  tissue,  a  group  of  lymphatic 
glands,  which  form  a  connecting  link  between  the  deep  cervical  chain  and  those  within  the  axilla  ; 
they  are  connected  also  with  the  glands  which  are  situated  within  the  mediastinum. 

The  scalenus  anticus  muscle,  which  is  the  chief  landmark  within  the  space,  has  already  been 
studied.  The  subclavian  vein  lies  in  front  of  the  muscle  and  behind  the  clavicle,  occupying  a 
groove  on  the  upper  surface  of  the  first  rib.  Above  the  vein,  but  upon  a  deeper  plane,  viz. ,  behind 
the  scalenus  anticus,  will  be  found  the  subclavian  artery  and  the  large  nerve  trunks  of  the  brachial 
plexus.  The  pleura  at  this  level  extends  above  the  level  of  the  first  rib,  and  is  related  to  the 
deep  aspect  of  the  muscle,  the  second  stage  of  the  artery,  and  the  lower  nerve  trunks. 

If  the  index  finger  be  directed  downwards  along  the  anterior  surface  of  the  scalenus  anticus 
muscle,  it  will  be  found  that  there  is  a  small  but  distinct  tubercle  upon  the  inner  border  of  the 
first  rib,  corresponding  to  the  insertion  of  the  muscle  (tubercle  of  Lisfranc  ;  scalene  tubercle]  : 
it  is  readily  recognised  by  touch  and  affords  an  excellent  guide  for  the  commencement  of  the  third 
stage  of  the  subclavian  artery,  for  when  the  finger-nail  is  in  contact  with  the  tubercle,  the  pulp  of 
the  finger  must  inevitably  rest  upon  the  vessel. 

At  this  stage  it  is  easy  to  determine  also  that  the  finger  may  be  passed  from  the  root  of  the 
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neck  into  the  upper  part  of  the  axilla  without  encountering  any  obstruction.  It  will  be  noted, 
too,  that  the  lower  part  of  the  posterior  triangle  is  exposed  to  most  advantage  by  fully  depressing 
the  shoulder  and  rotating  the  head  to  the  opposite  side. 

The  suprascapular  and  transversalis  colli  arteries  cross  the  posterior  triangle,  the  former 
low  down  behind  the  clavicle,  the  latter  at  the  upper  limit  of  the  omo-clavicular  triangle.  It  is 
not  uncommon  for  the  posterior  scapular  artery  to  arise  from  the  third  stage  of  the  subclavian 
artery  and  to  pass  backwards  between  the  cords  of  the  brachial  plexus  ;  in  fact,  this  arrangement 
would  appear  to  obtain  in  over  30  per  cent,  of  individuals.  The  small  nerve  to  the  subclavhis,  as 
it  passes  to  its  destination,  crosses  in  front  of  the  third  stage  of  the  artery  (fig.  63). 

The  curve  which  the  subclavian  artery  describes  in  its  course  at  the 
root  of  the  neck  commences  at  the  level  of  the  sterno-clavicular  articu- 
lation and  terminates  behind  the  clavicle  about  a  finger's-breadth 
inside  its  centre.  The  level  to  which  the  summit  of  the  arch  reaches  in 
the  neck  varies  ;  on  an  average,  it  probably  rises  from  half  to  three 
quarters  of  an  inch  above  the  sternal  end  of  the  clavicle,  as  the  individual 
stands  erect  with  the  arms  dependent.  In  some  cases,  however,  the 
curve  is  considerably  higher,  especially  in  those  with  long  slender  necks 
and  sloping  shoulders.  On  the  other  hand,  in  short  stout  necked  individ- 
uals the  arch  may  exceed  little,  if  at  all,  the  upper  border  of  the  clavicle. 
Occasionally,  as  when  a  supernumerary  or  cervical  rib  is  present,  the  sum- 
mit of  the  subclavian  arch  attains  an  abnormally  high  level.  The  artery 
in  these  cases  overlies  the  rib,  and  from  its  superficial  position  is  more 
exposed  to  injury  than  under  normal  conditions.  The  pulsations  of 
the  vessel,  too,  are  unusually  evident,  and  have  given  rise  more  than 
once  to  the  diagnosis  of  subclavian  aneurysm. 

The  mutual  relationships  between  the  clavicle  and  the  subclavian 
artery  vary.  With  elevation  of  the  shoulder,  the  clavicle  encroaches 
upon  the  supraclavicular  fossa,  and  the  artery  is  hidden  away  in  a  deep 
recess  behind  the  bone.  The  supraclavicular  fossa  attains  its  maximum 
capacity  and  the  subclavian  artery  a  much  more  superficial  position 
when  the  shoulder  is  well  depressed  and  carried  forwards.  In  this 
position  the  pulsations  of  the  artery  may  often  be  detected  by  pressing 
deeply  with  the  finger-tips  downwards  and  inwards  at  the  posterior 
border  of  the  sterno-mastoid  muscle.  Firm  pressure  at  this  point  will 
succeed  in  controlling  the  circulation  in  the  vessel,  and  it  acts  all  the 
more  efficiently  since  the  vein  is  not  closely  related  to  the  artery,  but 
is  separated  from  it  by  the  scalenus  anticus  muscle,  and,  at  the  outer  side 
of  this,  by  an  interval  containing  some  fatty  tissue. 

The  circulation  in  the  subclavian  artery  may  also  be  arrested  if  the 
shoulder  be  fully  depressed  and  drawn  backwards.  By  this  movement 
the  angular  interval  between  the  inner  extremity  of  the  clavicle  and 
the  first  rib  is  greatly  reduced,  and  the  artery  is  actually  compressed 
between  the  bones. 

Although  the  subclavian  artery  is  well  protected  in  the  greater  part 
of  its  extent  by  the  sterno-mastoid  muscle  and  by  the  sternal  extremity 
of  the  clavicle,  yet  it  is  liable  to  be  wounded  by  stabs  or  other 
forms  of  penetrating  wound  in  the  lower  cervical  region,  and  the  large 
brachial  nerves,  from  their  close  proximity  to  the  vessel,  are  very  liable 
to  suffer  at  the  same  time. 

The  relation  of  the  Pleura  to  the  Root  of  the  Neck. — The  thoracic  inlet  is  bounded  behind 
by  the  first  dorsal  vertebra,  in  front  by  the  suprasternal  notch,  and  on  each  side  by  the  inner 
margin  of  the  first  rib  and  the  first  costal  cartilage.  It  is  set  very  obliquely,  with  the  result  that 
the  apex  of  the  lung  and  its  investing  pleural  membrane,  although  they  do  not  exceed  the  limits 
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of  the  inlet  behind,  project  in  front  fora  short  distance  above  the  first  costal  arch  and  the  inner 
extremity  of  the  clavicle. 

The  principal  relationships  of  the  cervical  dome  of  the  pleura  are  seen  in  figs.  60  and  106  :  they 
are  the  subclavian  artery  and  its  internal  mammary  branch,  the  subclavian  vein,  the  scalenus 
anticus  muscle,  and  the  lower  nerve  cords  of  the  brachial  plexus.  These  structures  are  closely 
applied  to  the  membrane,  and  help  no  doubt  to  limit  its  further  extension  upwards  into  the  neck. 
This  aspect  of  the  pleura  is  strengthened  and  supported  by  certain  bands  of  fibrous  tissue,  the 
principal  of  which  reach  it  from  the  cervical  vertebrae,  from  the  fourth  to  the  seventh,  and  from 
the  deep  cervical  fascia  (Zuckerkandl).  A  muscular  slip  derived  from  the  scaleni  is  also  connected 
with  it  occasionally. 

The  close  proximity  of  the  pleura  to  the  first  and  second  stages  of 
the  subclavian  artery  is  to  be  remembered  when  applying  a  ligature 
to  either.  Tumours  also  which  are  deeply  seated  in  the  posterior 
triangle  may  overlie  the  pleura,  and  the  latter  may  very  readily  be 
torn  or  otherwise  wounded  in  the  course  of  an  operation  for  their 
removal.  The  author  has  known  a  case  in  which  a  tense  cyst 
occupying  the  posterior  triangle  and  extending  beneath  the  clavicle 
was  mistaken  for  a  hernia  of  the  lung,  as  it  gave  a  resonant  note  on 
percussion,  the  breath  sounds  also  were  quite  audible  over  it,  it  r6se 
and  fell  with  the  respiratory  movements,  and  became  tense  when  the 
•child  cried. 

In  cases  of  pulmonary  phthisis,  the  lymphatic  glands  which  lie  in  the 
deeper  part  of  the  supraclavicular  fossa  are  often  found  enlarged.  This 
is  not  due  to  direct  extension  from  the  lung  to  the  glands,  but  from  the 
parietal  pleura,  the  latter  having  previously  acquired  adhesions  to  the 
•diseased  apex  of  the  lung  (Richet).  Deep  inflammation  at  the  root  of 
the  neck  or  within  the  axilla  may  reach  the  pleura  and  the  mediastinum 
by  spreading  along  the  lymphatics  and  the  loose  planes  of  connective 
tissue  which  connect  these  parts. 

The  distance  by  which  the  pleura  exceeds  the  upper  border  of  the 
sternal  extremity  of  the  clavicle  varies,  but  on  an  average  is  probably  not 
more  than  one  inch.  Its  summit  lies  behind  the  clavicular  head  of  the 
sterno-mastoid  muscle,  and  the  stethoscope  is  applied  at  this  level  when 
auscultating  the  apex  of  the'lung.  It  will  be  evident  also  that  a  pene- 
trating wound  above  the  clavicle  may  involve  the  lung. 

Ligature  of  the  Subclavian  Artery  in  its  third  stage  is  sometimes 
performed  in  cases  of  aneurysm  of  the  axillary  artery  ;  it  has  also  been 
attempted  on  the  right  side  as  a  distal  operation  for  aneurysm  of  the 
innominate  artery.  The  vessel  is  secured  beyond  the  outer  border  of 
the  scalenus  anticus  muscle  as  it  lies  upon  the  grooved  upper  aspect  of  the 
first  rib.  The  steps  of  the  operation  are  briefly  as  follows  :  the  shoulder 
is  depressed  as  fully  as  possible,  the  arm  drawn  across  in  front  of  the  body, 
and  the  head  turned  well  over  to  the  opposite  side,  so  as  to  bring  the  vessel 
nearer  to  the  surface  and  increase  the  dimensions  of  the  supraclavicular 
space.  The  skin  and  subcutaneous  tissue,  both  of  which  are  very  mobile 
at  this  level,  are  drawn  downwards  and  divided  over  the  middle  third  of 
the  clavicle,  or  more  extensively  if  desired,  the  descending  supraclavic- 
ular nerves  and  a  communicating  vein  from  the  cephalic  to  the  external 
jugular  being  also  included  in  the  section.  The  latter  vessel  is  sought  for 
where  it  pierces  the  deep  fascia,  and  if  possible  it  is  displaced  outwards,  as 
its  main  tributaries,  viz.,  the  suprascapular  and  transversalis  colli  veins, 
which  join  it  along  its  outer  border,  will  at  the  same  time  be  displaced  out 
of  harm's  way.  Sometimes  the  venous  tributaries  of  the  external  jugular 
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vein  in  the  supraclavicular  region  are  arranged  in  a  plexiform  manner, 
and  may  occasion  considerable  difficulty.  When  the  deep  fascia  is 
divided,  the  omo-hyoid  muscle  will  probably  come  into  view ;  it  may  be 
found  quite  close  to  the  clavicle.  The  omo-clavicular  fascia  which  con- 
nects the  muscle  with  the  clavicle  is  now  divided,  the  outer  margin  of  the 
scalenus  anticus  muscle  is  identified,  and  the  finger  passed  down  along 
it  to  feel  for  the  '  scalene  tubercle,'  which,  as  already  explained,  is  a 
certain  guide  to  the  artery  at  the  point  where  it  enters  the  posterior 
triangle.  When  the  fascial  layer  which  invests  the  artery  is  divided,  the 
needle  is  passed  around  it  from  above  downwards,  and  the  utmost  care 
is  taken  not  to  include  the  lowest  cord  of  the  brachial  plexus,  nor 
mistake  it  for  the  artery,  as  has  happened  before  now  in  the  living 
subject.  In  carrying  the  needle  around  the  artery,  the  index  finger 
should  be  introduced  low  down  into  the  wound,  so  as  to  ward  off  the  sub- 
clavian  vein  which  lies  in  front  of  the  artery,  but  at  a  lower  level. 

In  exposing  the  artery,  the  small  nerve  to  the  subclavius  muscle 
should  be  spared  if  possible,  as  it  is  sometimes  connected  with  the  phrenic 
nerve,  and  the  connecting  branch  may  represent  the  principal  root  of  the 
latter.  The  suprascapular  artery  will  probably  come  into  view  in  the 
deeper  part  of  the  wound,  but  is  easily  drawn  aside.  One  of  the  risks  of 
the  operation  depends  upon  the  presence  of  the  posterior  scapular  artery,, 
which  in  thirty  per  cent,  of  cases  arises  at  this  level.  Should  this  vessel 
be  seen  in  the  immediate  vicinity  of  the  site  of  the  ligature,  it  had  better 
be  ligatured  also,  in  order  to  safeguard  against  secondary  haemorrhage,  by 
preventing  a  rapidly  flowing  anastomotic  current  of  blood  coming  into- 
close  proximity  with  the  ligature. 

The  following  anatomical  conditions  may  individually  or  collectively 
contribute  to  render  the  operation  difficult:  (i)  a  distended  supraclavic- 
ular venous  plexus  ;  (2)  a  very  narrow  interval  between  the  sterno-mastoid 
and  trapezius  muscles  ;  (3)  a  short  full  neck,  loaded  with  fat  and  (4)  the 
clavicle  pushed  up,  in  consequence,  it  may  be,  of  an  aneurysmal  tumour 
in  the  axilla. 

The  Second  Stage  of  the  Subclavian  Artery  may  be  selected  for 
ligature  where  there  is  not  sufficient  room  available  to  permit  of  the 
vessel  being  secured  in  its  third  stage.  The  anatomical  steps-  of  the 
operation  are  very  similar  to  those  just  described.  It  may,  however,  be 
necessary  to  divide  the  clavicular  head  of  the  sterno-mastoid  and  to 
turn  this  part  of  the  muscle  upwards.  The  outer  border  of  the  scalenus 
anticus  is  identified,  and  the  latter  divided  in  about  half  its  width.  The 
principal  risk  attending  this  step  is  wound  of  the  phrenic  nerve,  which 
normally  inclines  downwards  and  inwards  in  front  of  the  muscle.  The 
pleura,  which  lies  in  immediate  relation  to  the  deep  aspect  of  the  scalenus 
anticus,  adjoining  the  first  rib,  is  also  to  be  avoided.  The  superior  inter- 
costal artery  may  have  its  origin  close  to  the  seat  of  the  ligature,  and  this 
is  another  circumstance  which  adds  to  the  risk  of  the  operation. 

The  collateral  circulation  which  is  established  after  ligature  of  the 
subclavian  artery  in  its  second  or  third  stage  is  maintained  as  follows : 
(i)  by  the  anastomoses  which  exist  between  the  suprascapular  and 
posterior  scapular  arteries  (above)  and  the  acromio-thoracic,  subscapular, 
and  dorsalis  scapulae  arteries  (below) ;  (2)  by  the  anastomoses  between 
the  superior  intercostal,  the  aortic  intercostals,  and  the  internal  mammary 
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on  the  one  hand,  and  the  long  thoracic  and  the  scapular  arteries  on 
the  other. 

THE  DEVELOPMENT  OF  THE  NECK.— The  first  appearance  of  the  anterior  or 
visceral  segment  of  the  neck  is  discernible  in  the  embryo  in  the  fourth  week  in  the  form  of 
certain  bars  or  ridges  which  proceed  to  grow  from  behind  forwards  into  the  gap  which  intervenes 
between  the  primitive  cranium  above,  the  thoracic  portion  of  the  trunk  below,  and  the  vertebral 
column  behind.  These  bars  are  known  as  tht  branchial  arches  and  the  intervening  grooves  as 
the  branchial  clefts ;  in  the  human  embryo,  however,  the  clefts  are  not  complete  ;  they  are 
grooves  rather  than  clefts.  The  space  which  is  enclosed  by  the  branchial  arches  corresponds 
to  the  cephalic  or  pharyngeal  extremity  of  the  foregut,  and  is  lined  throughout  by  the  hypo- 
blast. 

The  branchial  arches  are  five  in  number,  the  layer  of  embryonic  tissue  which  fills  up  the 
gap  between  them  is  thin,  and  at  this  level  the  epiblast  of  the  exterior  comes  into  contact  with 
the  pharyngeal  hypoblast  forming  the  cleft  membrane.  Corresponding  to  the  external  furrows 
or  cleft  depressions  (fig.  65)  there  are  certain  recesses  also  internally  between  the  branchial 
arches,  viz.  the  internal  cleft  recesses. 

The  first  and  second  arches  grow  much  more  rapidly  than  the  others,  and  as  flexion  of  the 
neck  takes  place  during  this  period  of  development,  the  enlarged  second  or  hyoid  arch  gradually 
comes  to  overlie  and  conceal  the  third,  fourth,  and  fifth  arches.  The  aperture  leading  to  the  recess 
or  cervical  sinus  within  which  these  arches  are  hidden  is  bounded  in  front  by  the  second  branchial 


:          :          Superior  Maxillary  Process. 

Mandibular  or  First  Branchial  Arch. 
Hyoid  or  Second  Branchial  Arch. 
Sinus  Cervicalis. 

FIG.  65. — Human  embryo,  viewed  in  profile,  showing  the  branchial  arches 
with  the  intervening  clefts  (His). 

arch,  behind  by  the  surface  of  the  trunk  (fig.  65).  For  a  while  the  cervical  sinus  remains 
patent,  but  subsequently  the  narrow  aperture  through  which  it  communicates  with  the  exterior 
closes,  and  the  included  epiblast  of  the  arches  (3rd,  4th,  and  5th),  which  are  thus  separated 
from  the  exterior,  disappears  completely. 

The  internal  cleft  recesses,  with  the  exception  of  the  first,  have  disappeared  by  the  end  of 
the  eighth  week.  The  first  recess  corresponds  to  the  Tympano-Eustachian  passage,  and  the 
first  external  cleft  depression  persists  as  the  external  auditory  meatus,  a  vestige  of  the 
intervening  cleft  membrane  persisting  in  the  form  of  the  membrana  tympani.  The  upper 
extremity  of  the  second  recess  is  indicated  in  the  adult  by  the  fossa  of  Rosenmuller  at  the  side 
of  the  pharynx  and  behind  the  Eustachian  tube.  Lower  down  another  vestige  of  the  second 
recess  is  found  in  the  supratonsillar  fossa.  The  pyriforni  fossa,  which  is  situated  between  the 
posterior  aspect  of  the  entrance  to  the  larynx  and  the  wall  of  the  pharynx,  is  the  representative  of 
the  fourth  recess. 

Congenital  Defects  in  the  region  of  the  neck  usually  assume  the 
form  of  sinuses  or  tumours  of  a  cystic  nature.  Both  these  forms  may 
be  encountered  either  in  the  middle  line  or  at  the  side  of  the  neck. 
Congenital  sinuses  and  cysts  appertaining  to  the  middle  line  have  been 
accounted  for  already  in  connection  with  the  thyro-glossal  duct,  a  portion 
of  which  may  fail  to  become  obliterated.  Median  sinuses,  however,  are 
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probably  always  secondary  to  cystic  swellings,  which  in  the  course  of 
time  discharge  their  contents  externally,  having  previously  become 
inflamed  or  incised  in  mistake  for  abscesses.  Congenital  cysts  beneath 
the  hyoid  bone  have  often  been  mistaken  for  enlargement  of  the  thyro- 
hyoid  bursa.  When  cysts  of  this  nature  are  incised  they  shrink  to  a 
great  extent,  but  fail  to  close  completely,  as  their  interior  possesses  an 
epithelial  lining  and  secretes  a  mucoid  fluid  which  continues  to  escape 
externally.  They  are  best  treated  by  excision,  and  in  connection  with 
this  point  it  should  be  remembered  that  these  median  cysts  or  sinuses 
often  have  deep  attachments,  i.e.  they  may  have  a  pedicle  passing 
upwards  and  backwards  behind  the  body  of  the  hyoid  bone  in  the 
direction  of  the  foramen  caecum  of  the  tongue  (see  development  of  the 
thyroid). 

The  lateral  group  of  congenital  cysts  and  sinuses  originate  in  connec- 
tion either  with  the  external  cleft  depressions,  between  the  branchial 
arches  of  the  embryo,  or  in  connection  with  the  recesses  which  separate 
the  arches  on  their  pharyngeal  aspect.  The  more  common  defects  which 
are  to  be  met  with  at  the  level  of  the  first  branchial  cleft  have  been 
described  with  the  development  of  the  ear.  Those  which  occur  below 
this  level  would  appear  to  have  originated  as  the  result  of  imperfect 
developmental  changes  within  the  cervical  sinus  (fig.  65),  the  aperture 
leading  to  which  would  correspond  in  the  adult  to  a  point  situated  in 
front  of  the  sterno-mastoid  muscle,  and  a  finger's-breadth  above  the 
sterno-clavicular  articulation.  As  mentioned  above,  the  epiblast  of  the 
third,  fourth,  and  fifth  arches  is  hidden  away  beneath  the  second 
branchial  arch,  and  disappears  in  due  course,  but  should  this  fail  to 
take  place,  a  small  epithelial-lined  recess  will  remain  in  the  deeper 
part  of  the  neck,  quite  detached  from  the  surface,  and  may  subse- 
quently give  rise  to  a  cyst  of  the  dermoid  type.  Another  possibility 
is  that  the  aperture  leading  from  the  exterior  into  the  cervical  sinus 
may  fail  to  close,  the  defect  being  subsequently  indicated  by  a  per- 
sisting sinus,  leading  from  the  skin  for  a  varying  distance  inwards ;  its 
direction,  however,  is  not  infrequently  upwards  towards  the  hyoid  bone, 
to  the  site  of  the  original  depression  which  separated  the  second  and  third 
arches. 

Examples  of  congenital  sinuses  opening  internally  into  the  pharynx 
have  also  been  recorded  by  different  observers.  The  orifice  of  the  sinus  is 
usually  situated  in  the  tonsillar  region,  i.e.  the  supra-tonsillar  recess,  which, 
as  stated  above,  lies  in  the  path  of  the  second  branchial  cleft.  As  con- 
trasted with  the  sinuses  which  open  externally  and  which  have  a  cutane- 
ous lining,  sinuses  of  this  variety  are  lined  by  a  mucous  membrane  which 
is  directly  continuous  with  that  of  the  pharynx. 

Congenital  sinuses  in  the  lateral  region  of  the  neck,  as  in  the  middle 
line,  are  sometimes  secondary  to  cystic  swellings,  the  contents  of  which 
have  been  discharged  spontaneously,  or  have  been  evacuated  by  an 
incision  ;  as  they  have  a  secreting  lining,  they  show  no  tendency  to 
close  of  their  own  accord. 

Cystic  tumours  are  sometimes  found  in  the  neck,  which  apparently 
have  their  origin  in  connection  with  the  lymphatics,  and  are  probably 
the  result  of  imperfect  developmental  changes.  They  assume  different 
forms.  In  some  cases  the  cyst  is  single,  filled  by  a  clear  serous  fluid 
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and  sharply  circumscribed.  In  other  cases,  the  tumour  is  made  up  of  a 
number  of  cystic  spaces,  surrounded  by  fatty  and  connective  tissue, 
which  passes  in  an  ill-defined  manner  into  the  surrounding  regions. 
Such  tumours  are  very  imperfectly  circumscribed,  and  are  probably  of 
the  nature  of  cavernous  lymphangiomata.  The  region  of  the  posterior 
triangle  is  a  favourite  site  for  these,  and  they  appear  to  be  identical 
with  those  cysts  which  have  been  described  under  the  heading  of 
'  hydrocele  of  the  neckl  or  '  cystic  hygroma.' 


PART  II 

THE  UPPER  EXTREMITY. 
THE  REGION  OF  THE  SHOULDER. 

Topography  and  Superficial  Anatomy.— The  term  'shoulder'  is 
usually  applied  to  a  rather  wide  district  which  includes  the  clavi-pectoral 
region  in  front,  the  scapular  region  behind,  and  the  deltoid  region 
externally.  The  structures  which  enter  into  the  constitution  of  these 
regions  help  to  circumscribe  the  pyramidal-shaped  space  known  as  the 
axilla,  which  serves  as  a  passage  of  communication  between  the  root  of 
the  neck  and  the  upper  limb. 

The  clavi-pectoral  region  extends  from  the  clavicle  to  the  lower  border 
of  the  pectoralis  major,  and  from  the  sternum  to  the  furrow  between  the 
pectoralis  major  and  deltoid  muscles.  The  clavicle  forms  the  boundary 
line  between  the  neck,  chest,  and  upper  limb,  and  is  a  very  distinct  land- 
mark. Owing  to  its  superficial  position,  both  its  shaft  and  its  extremities 
are  easily  accessible  to  palpation  ;  the  degree  of  prominence  of  its 
acromial  extremity,  however,  is  subject  to  some  variability.  Sometimes 
this  is  due,  apparently,  to  enlargement  of  the  bone,  but  not  infrequently 
it  is  accounted  for  by  a  relaxed  condition  of  the  acromio-clavicular  liga- 
ments, which  permits  the  outer  extremity  of  the  clavicle  to  project  con- 
siderably above  the  plane  of  the  acromion,  and  to  present  an  appearance 
closely  resembling  a  dislocation.  From  the  sterno-clavicular  articulation 
the  long  axis  of  the  clavicle  is  directed  outwards,  slightly  backwards,  and 
upwards.  In  the  recumbent  position,  when  the  weight  of  the  upper  limb 
is  taken  off  the  outer  extremity  of  the  bone,  it  rises  somewhat  higher,  and 
encroaches  upon  the  supraclavicular  fossa.  The  degree  to  which  it  may 
be  depressed  is  rather  limited,  movement  in  this  direction  being  opposed 
by  the  first  rib,  which  lies  immediately  subjacent.  In  many  females,  and 
in  weakly  individuals  also  with  poor  muscular  development,  the  long 
axis  of  the  clavicle  inclines  downwards  at  its  outer  extremity,  and  the 
shoulders,  instead  of  being  squarely  set,  present  a  decided  downward 
slope.  The  degree  of  curvature  of  the  bone  also  varies  considerably 
in  different  individuals ;  it  is  most  accentuated,  as  a  rule,  in  adult  males 
of  a  robust  type,  but  is  slightly  marked  in  the  female.  On  palpation, 
a  small  bony  outgrowth  is  sometimes  felt  in  front  of  the  outer  curve  of 
the  bone ;  it  is  known  as  the  deltoid  tubercle,  and  when  unusually  well 
developed  is  liable  to  be  mistaken  for  an  exostosis. 

The  depression  which  normally  exists  below  the  outer  third  of  the 
clavicle  is  known  as  the  infraclavicular  fossa  (fig.  66) ;  it  has  a  tri- 
angular outline,  the  apex  of  the  triangle  being  directed  downwards  and 
outwards  in  the  groove  between  the  pectoralis  major  and  deltoid  muscles, 
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within  which  is  lodged  the  cephalic  vein  ;  its  base,  which  is  formed  by 
the  clavicle,  varies  in  width,  depending  upon  the  distance  between  the 
muscles  just  mentioned.  This  triangular  area  overlies  the  upper  part  of 
the  axilla,  and  by  pressing  backwards  deeply  at  this  level  the  pulsations 
of  the  axillary  artery  may  be  detected,  or  the  vessel  may  be  compressed 
against  the  second  rib.  The  lower  border  of  the  pectoralis  major  is 
usually  prominent,  especially  when  the  arm  is  held  out  from  the  side ;  it 
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FIG.  66. — The  shoulder  region,  viewed  from  the  front. 

constitutes  the  anterior  fold  of  the  axilla,  and  may  be  readily  grasped 
between  the  finger  and  thumb.  The  skin  over  the  clavi-pectoral  region 
is  thin  and  mobile.  The  amount  of  fat  in  the  subcutaneous  stratum 
varies  considerably  ;  in  the  female,  however,  it  is  usually  abundant  and 
forms  a  distinct  investment  for  the  mammary  gland  (p.  255).  Over  the 
outer  part  of  the  clavicle  there  is  sometimes  a  subcutaneous  bursa,  espe- 
cially in  individuals  whose  work  entails  the  carrying  of  heavy  weights 
upon  the  shoulder  ;  this,  too,  is  a  favourite  site  for  lipomatous  tumours 
of  the  encapsuled  variety. 
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The  Deltoid  Region  is  circumscribed  by  the  muscle  of  the  same 
name,  and  consequently  presents  a  triangular  outline.  It  is  limited 
above  at  its  base  by  the  outer  third  of  the  anterior  margin  of  the 
clavicle,  the  tip  and  outer  border  of  the  acromion,  and  the  lower  border 
of  the  spine  of  the  scapula.  It  is  limited  below  by  a  shallow  depression 
a  little  above  the  centre  of  the  shaft  of  the  humerus,  which  marks  the 
point  of  insertion  of  the  muscle  (fig.  66).  The  acromion  process  which 
forms  the  cap  or  summit  of  the  shoulder  can  always  be  defined  by 
palpation,  and  in  cases  where  there  has  been  much  wasting  of  the  tissues 
it  stands  out  with  considerable  distinctness.  The  small  tubercle  on  its 
outer  border,  close  to  its  junction  with  the  scapular  spine,  is  easily  felt  ; 
it  is  known  as  the  acromial  angle,  and  is  a  useful  landmark  in  taking 
measurements  of  the  arm.  By  comparing  the  distance  between  the 
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FIG.  67. — The  bones  of  the  shoulder-girdle — clavicle  and  scapula — and  the  upper  extremity  of 
the  humerus.  Note  the  relative  positions  of  the  principal  bony  landmarks  of  the  shoulder, 
and  compare  this  with  the  preceding  figure. 

acromial  angle  and  the  outer  condyle  of  the  humerus  on  the  two  sides, 
one  may  detect  shortening  in  suspected  cases  of  fracture  of  this  bone. 
The  tip  of  the  coracoid  process  is  overlaid  by  the  anterior  fasciculi 
of  the  deltoid  muscle,  and  will  be  distinctly  felt  by  pressing  downwards 
and  backwards  in  front  of  the  outer  curve  of  the  clavicle. 

The  skin  over  the  greater  part  of  the  deltoid  region  is  somewhat 
thick  and  coarse.  Fibrous  septa  extend  from  its  deep  aspect,  and 
become  continuous  with  the  fascial  investment  of  the  muscle  and  with 
the  septa  which  penetrate  into  its  interior ;  consequently,  in  muscular 
individuals  it  dimples  when  an  attempt  is  made  to  pinch  it  up,  and  the 
twitchings  of  the  muscular  fasciculi  are  very  evident  when  the  deltoid 
is  thrown  into  forcible  contraction,  as  in  lifting  a  heavy  body  with  the 
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arm  fully  abducted  from  the  side.  The  normal  rounded  contour  or 
convexity  of  the  shoulder  is  maintained  by  the  upper  extremity  of  the 
humerus,  over  which  the  deltoid  muscle  is  closely  applied  (see  figs.  66 
and  67).  The  great  tuberosity  lies  in  advance  of  the  acromion  process, 
beneath  the  outer  or  more  convex  part  of  the  deltoid  area,  and  constitutes 
the  point  of  the  shoulder ;  the  lesser  tuberosity  lies  more  to  the  front 
and  faces  directly  forwards  ;  it  can  sometimes  be  distinguished  by  deep 
palpation.  In  a  normal  shoulder,  the  head  of  the  humerus  is  closely 
related  to  the  under  aspect  of  the  acromion,  and  will  be  felt  rotating 
beneath  it  when  the  arm  is  moved  in  different  directions.  When  the 
deltoid  is  paralysed,  and  in  deep  anaesthesia,  the  distance  between  the 
acromion  and  the  humerus  is  increased,  and  the  tips  of  the  fingers  can 
be  thrust  into  the  intervening  gap.  The  posterior  circumflex  artery  and 
the  circumflex  nerve  pursue  a  horizontal  direction  from  behind  forwards 
beneath  the  deltoid,  their  path  being  indicated  by  a  transverse  line 
passing  a  little  above  the  centre  of  the  muscle.  Incisions  made  for  the 
purpose  of  reaching  the  shoulder-joint  should  be  placed  near  the  anterior 
border  of  this  muscle,  so  that  as  little  damage  as  possible  may  be  inflicted 
upon  the  nerve,  a  good  point  from  which  to  commence  being  midway 
between  the  tip  of  the  acromion  and  the  coracoid  process,  the  incision 
descending  from  this  parallel  to  the  anterior  border  of  the  muscle.  The 
normal  contour  of  the  shoulder  may  be  modified  either  by  an  increase  or 
by  a  diminution  of  its  normal  convexity.  In  cases  of  joint  effusion,  viz., 
serous  or  purulent  synovitis,  the  deltoid  area  is  abnormally  full  and  prom- 
inent, and  fluctuation  may  possibly  be  detected  by  placing  one  hand 
behind  and  another  in  front.  When  the  head  of  the  humerus  is  dislocated 
inwards,  beneath  the  coracoid  process,  or  downward&ibeneath  the  glenoid 
fossa,  the  deltoid  muscle  is  no  longer  prominent,  but  descends  vertically 
from  its  upper  to  its  lower  attachment,  the  acromion  becomes  at 
the  same  time  unduly  prominent,  and  the  shoulder  is  said  to  be 
flattened. 

The  Scapular  Region  is  limited  in  its  extent  by  the  subjacent 
bone.  It  is  subdivided  into  an  upper  or  supra-spinous  and  a  lower  or 
sub-spinous  district  by  the  scapular  spine,  which,  commencing  at  the 
vertebral  border  of  the  bone  opposite  the  third  dorsal  spine,  passes 
upwards  and  outwards  and  becomes  continuous  with  the  acromion.  It 
is  easily  identified,  and,  like  the  other  bony  landmarks  in  the  vicinity, 
becomes  very  distinct  in  the  course  of  wasting  diseases.  The  skin  in 
the  scapular  region  is  thick  and  is  closely  connected  to  the  subcutaneous 
tissue,  which  at  this  level  possesses  considerable  density.  This,  no  doubt, 
serves  to  explain  the  predisposition  which  boils  and  carbuncles  have  for 
this  locality.  In  addition  to  the  spine,  acromion  and  coracoid  processes, 
the  vertebral  border  and  inferior  angle  of  the  scapula  are  easily  palpated, 
especially  when  the  shoulder  is  fully  retracted,  with  the  elbow  drawn 
out  from  the  side.  The  anterior  aspect  or  venter  of  the  scapula  is 
occupied  by  the  subscapularis  muscle  which  forms  the  greater  part  of  the 
posterior  wall  of  the  axilla.  The  remaining  boundaries  of  this  space  are 
formed  for  the  most  part  by  the  muscles  which  pass  from  the  trunk  to 
the  upper  limb,  viz.,  the  two  pectoral  muscles  and  the  latissimus  dorsi. 
The  latter  of  these  forms  the  posterior  fold  of  the  axilla ;  it  occupies  a 
somewhat  lower  level  than  the  lower  border  of  the  pectoralis  major, 
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which  forms  the  anterior  fold   of  the  axilla,  but,  like   this   muscle,  it 
becomes  very  distinct  when  the  arm  is  held  away  from  the  side. 

The  outlet  of  the  axilla  or  armpit  lies  between  the  anterior  and 
posterior  axillary  folds,  and  is  normally  concave  in  all  positions  of  the 
upper  limb.  Its  concave  aspect  is  due  to  the  connections  which  are 
established  by  the  clavi-pectoral  fascia  which  descends  from  the  clavicle 
to  enclose  the  pectoralis  minor,  and  lower  down  fuses  with  the  axillary 
fascia,  which  stretches  across  the  floor  of  the  space,  and  with  the  deep 
aspect  of  the  skin.  A  fulness  at  the  site  of  the  armpit  is  invariably  due 
to  some  pathological  condition,  such  as  enlarged  axillary  glands,  abscess 
collections,  the  dislocated  head  of  the  humerus,  or  an  axillary  aneurysm. 
By  thrusting  the  tips  of  the  index  and  middle  fingers  from  below 
upwards  into  the  axilla  it  is  possible  to  feel  the  articular  surface  of  the 
head  of  the  humerus,  especially  when  the  limb  is  abducted  from  the  side. 
In  this  attitude  the  articular  surface  comes  most  fully  into  contact  with 
the  lower  aspect  of  the  capsule  at  a  point  where  it  is  unprotected  by 
muscle  (see  shoulder-joint).  The  skin  of  the  armpit  is  thin  ;  at  its  central 
part  it  is  studded  with  hairs,  and  it  is  rich  in  sebaceous  and  sweat  glands. 

THE  CLAVICLE. — The  clavicle  and  the  scapula  constitute  the 
shoulder-girdle  or  pectoral  arch  which  serves  to  connect  the  upper  limb 
with  the  trunk.  The  clavicle  alone  articulates  with  the  latter  and  forms 
the  key-stone  of  the.arch.  Through  the  medium  of  the  scapula,  the  upper 
limb  is  suspended  from  the  outer  extremity  of  the  clavicle  and  maintained 
by  it  at  an  uniform  distance  from  the  trunk  during  the  various  gliding 
movements  of  the  scapula  against  the  chest  wall.  When  the  shaft  of 
the  clavicle  is  fractured  this  function  is  seriously  interfered  with ;  the 
shoulder  no  longer  retains  its  normal  level  on  that  side,  but  becomes 
immediately  depressed,  and  approaches  nearer  to  the  middle  line  of  the 
body.  The  inner  or  larger  curve  of  the  clavicle  presents  an  important 
relationship  behind  to  the  subclavian  vessels  and  the  cords  of  the  brachial 
plexus ;  it  is  separated  from  these,  however,  by  the  subclavius  muscle 
and  by  the  axillary  sheath.  The  outer  curve  of  the  bone  overlies  the 
coracoid  process  and  is  connected  to  it  by  the  coraco-clavicular  ligaments. 
The  sternal  extremity  of  the  clavicle  is  related  behind  to  the  innominate 
vein,  and  also,  on  the  right  side,  to  the  bifurcation  of  the  innominate 
artery,  on  the  left  side  it  is  related  to  the  common  carotid  artery,  but  on 
both  sides  this  extremity  of  the  bone  is  separated  from  these  vessels  by 
the  sterno-hyoid  and  sterno-thyroid  muscles.  In  front  it  is  overlaid  by 
the  sternal  head  of  the  sterno-mastoid  muscle.  The  shaft  of  the  bone 
in  front  is  merely  covered  by  the  integument,  superficial  fascia,  and 
platysma  fibres,  and  is  crossed  by  the  descending  supraclavicular  branches 
of  the  cervical  plexus,  and  occasionally  by  a  vein  passing  upwards  from 
the  cephalic  to  join  the  external  jugular,  or  by  the  cephalic  vein  itself. 

The  clavicle  is  an  important  centre  for  muscular  attachment  for  the 
neck,  pectoral  region,  and  upper  limb,  and  cases  have  been  recorded 
where  the  opposing  action  of  these  muscles  has  been  sufficiently  great  to 
fracture  the  bone.  The  accident  has  occurred  to  an  individual,  for 
example,  who,  while  swinging  by  the  feet  from  a  trapeze,  tried  to  raise 
himself  so  as  to  seize  the  bar  with  his  hands ;  the  site  of  fracture  in  this 
case  was  in  the  inner  third  (Le  Gros  Clark).  According  to  Stimson,  it 
is  probable  that  the  clavicular  fibres  of  the  deltoid  and  pectoralis  major 
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are  the  most  efficient  agents  in  producing  this  form  of  fracture,  since 
their  contraction  tends  to  draw  the  clavicle  downwards  and  outwards 
towards  the  humerus  when  the  arm  is  fixed.  Professor  Bennett,  on  the 
other  hand,  considers  that  fracture  of  the  clavicle  by  muscular  action  is 
caused  by  leverage  of  the  bone  over  the  sternal  extremity  of  the  first 
rib.  Separation  of  the  scale-like  epiphysis  at  the  inner  extremity  of  the 
clavicle  may  be  caused  by  a  forcible  muscular  strain  exerted  by  the 
muscles  upon  the  sterno-clavicular  ligaments. 

The  structure  of  the  clavicle  is  deserving  of  note.  In  its  inner  two 
thirds  it  is  cylindrical  or  prismatic  in  shape,  and  on  section  presents  a 
thick  layer  of  compact  bone,  which  becomes  thinner,  however,  near  the 
sternal  extremity,  and  surrounds  a  central  core  of  cancellous  tissue,  but 
no  true  medullary  canal.  In  its  outer  third  the  bone  is  flattened  from 
above  downwards,  and  is  adapted  in  its  configuration  to  that  of  the 
acromion  process,  with  which  it  articulates  ;  this  segment  of  the  shaft  is 
made  up  of  cancellous  tissue  surrounded  by  a  very  thin  compact  layer. 

THE  ARTICULATIONS  OF  THE  CLAVICLE.— The  inner  extremity  of  the 
clavicle  articulates  with  the  sternum  and  first  costal  cartilage,  and  is  connected  to  the  latter  in 
addition  by  the  stout  costo-clavicular  or  rhomboid  ligament. 

The  Sterno-Clavicular  Articulation. — The  sternal  articular  facet  of  the  clavicle  is  some- 
what triangular  in  outline  and  considerably  larger  than  that  of  the  sternum,  from  which  it  is 
separated  by  a  disc  of  fibro-cartilage  (fig.  62).  The  clavicular  facet  also  is  slightly  convex  from 
above  downwards  and  concave  from  before  backwards  ;  its  posterior  basal  angle  is  the  most 
prominent,  and  slopes  backwards  and  downwards  towards  the  posterior  aspect  of  the  articulation. 
This  articulating  surface  is  continuous  inferiorly  with  a  facet  for  the  costal  cartilage  of  the  first 
rib  (fig.  62).  The  sternal  articular  surface  is  more  circular  in  outline  ;  it  is  situated  at  the  upper 
and  outer  angle  of  the  manubrium  sterni,  and  faces  outwards  and  backwards  ;  both  it  and  the 
articular  facet  of  the  clavicle  are  coated  with  fibro-cartilage. 

The  capsular  ligament  which  surrounds  the  articulation  extends  in  a  fairly  tense  manner 
between  the  adjoining  peri-articular  margins  of  the  clavicle  and  the  sternum,  and  is  very  closely 
connected  also  with  the  periphery  of  the  interarticular  fibro-cartilage.  It  is  most  distinctly 
defined  in  front  and  behind,  constituting  the  anterior  and  posterior  sterno-claviciilar  ligaments, 
but  is  very  weak  below,  being  represented  here  by  a  thin  and  lax  connective-tissue  membrane. 
Superiorly  it  is  overlaid  and  inseparably  connected  with  the  interclavicular  ligament. 

The  interclavicular  ligament  is  a  strong  prismatic  band  composed  of  fibrous  connective  tissue, 
which  extends  from  the  upper  or  apical  extremity  of  the  articular  facet  of  the  clavicle,  and  from 
the  interarticular  fibro-cartilage  to  the  upper  border  of  the  sternum,  over  which  it  is  prolonged  to 
a  corresponding  point  on  the  opposite  clavicle.  Its  fibres,  however,  do  not  all  extend  quite 
across  the  notch  from  one  side  to  the  other,  but  a  large  proportion  is  attached  to  the  upper 
border  of  the  manubrium. 

The  interarticular  fibro-cartilage  is  disc-shaped,  thicker  at  the  periphery  than  at  the  centre, 
and  is  accurately  adapted  to  the  articular  surfaces  between  which  it  lies.  It  subdivides  the 
articulation  into  two  distinct  synovial  cavities,  but  occasionally  it  is  perforated  at  its  centre, 
allowing  the  two  cavities  to  communicate.  By  its  upper  extremity  it  is  attached  to  the  clavicle 
at  the  summit  of  its  articular  facet,  by  its  lower  extremity  it  curves  outwards  slightly  between  the 
lower  articular  facet  of  the  clavicle  and  the  first  costal  cartilage,  and  is  attached  to  the  latter  near 
the  sternal  margin  (fig.  62).  By  its  periphery  it  fuses  with  the  capsule  of  the  joint. 

The  rhomboid  ligament  (costo-clavicular}. — Like  the  interclavicular  ligament,  this  too  is  to  be 
regarded  as  accessory  to  the  ligaments  proper  of  the  articulation.  It  is  made  up  of  a  series  of  short 
fibrous  bundles,  which  from  the  anterior  part  of  the  upper  surface  of  the  first  costal  cartilage  are 
directed  upwards  and  backwards  to  an  irregular  rough  surface  on  the  under  aspect  of  the  clavicle, 
close  to  its  inferior  or  costal  articular  facet. 

The  range  of  movement  permitted  at  the  sterno-clavicular  articula- 
tion is  somewhat  limited,  and  is  restrained  mainly  by  the  tension  of  its 
ligaments.  It  would  appear  that  in  its  vertical  or  up-and-down  movements 
the  sternal  end  of  the  clavicle  moves  against  the  interarticular  fibro-carti- 
lage and  upon  the  adjoining  surface  of  the  first  costal  cartilage  (fig.  62)  ; 
movement  in  the  antero-posterior  direction,  however,  takes  place  between 
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the  fibro-cartilage  and  the  sternum.  The  chief  source  of  strength  to  the 
articulation  is  to  be  sought,  not  in  the  shape  of  its  articular  surfaces, 
which  are  but  slightly  adapted  to  each  other,  but  in  its  ligaments, 
especially  those  described  above  as  accessory,  viz.,  the  interclavicular  and 
rhomboid.  Excessive  upward  movement  of  the  sternal  extremity  of  the 
clavicle  is  resisted  by  the  interarticular  cartilage,  by  the  anterior  and 
posterior  sterno-clavicular  ligaments,  and  by  the  rhomboid  ligament. 
Excessive  downward  movement  is  resisted  by  the  first  costal  cartilage. 
Excessive  forward  movement  is  resisted  by  the  anterior  sterno-clavicular 
ligament  and  by  the  backward  and  downward  projection  of  the  clavicular 
facet  behind  the  sternum.  Excessive  backward  movement  is  resisted 
mainly  by  the  rhomboid  ligament,  and  also  by  the  posterior  sterno- 
clavicular  ligament. 

The  most  striking  proof  of  the  strength  of  this  articulation  and  the 
effective  manner  in  which  it  resists  severe  strains  is  afforded  by  contrast- 
ing the  infrequency  of  dislocation  here  with  the  comparative  frequency 
of  fractures  of  the  shaft  of  the  clavicle,  both  being  caused,  as  a  rule,  by 
indirect  violence,  the  force  being  applied  to  the  outer  extremity  of  the 
shoulder  directly,  or  transmitted  to  it  from  the  hand  or  elbow. 

Dislocations. — Notwithstanding  its  strength  and  apparent  security, 
dislocation  does  sometimes  occur  at  the  sterno-clavicular  articulation. 
There  are  three  directions  in  which  it  may  occur,  viz.,  forwards,  back- 
wards, and  upwards.  Dislocation  downwards  is  impossible,  owing  to  the 
close  proximity  of  the  first  costal  cartilage. 

(i)  Dislocation  forwards  is  usually  caused  by  violence  applied  to 
the  shoulder,  whereby  the  outer  extremity  of  the  clavicle  is  forced 
downwards  and  backwards  and  its  inner  extremity  forwards.  A  powerful 
strain  is  thrown  upon  the  sterno-clavicular  ligaments,  the  sternal  ex- 
tremity of  the  clavicle  pressing  meanwhile  against  the  first  costal 
cartilage,  which  acts  as  a  fulcrum.  Should  the  strain  be  sufficiently 
great,  and  provided  a  fracture  does  not  occur,  the  opposing  ligaments 
give  way  and  a  luxation  results.  The  sternal  extremity  of  the  clavicle 
is  driven  inwards,  forwards,  and  a  little  downwards,  and  rests  upon  the 
front  of  the  manubrium  sterni  and  the  sternal  head  of  the  sterno-mastoid 
muscle.  The  interarticular  cartilage  would  appear,  as  a  rule,  to  retain 
its  connection  with  the  clavicle. 

A  forward  subluxation  of  the  inner  extremity  of  the  clavicle  on  one  or 
both  sides  is  sometimes  observed  to  occur  spontaneously  in  the  course  of 
pulmonary  phthisis,  and  would  appear  to  depend  mainly  upon  a  relaxed 
condition  of  the  ligamentous  structures  of  the  articulation.  (2)  Disloca- 
tion backwards  is  more  common.  The  force  which  produces  it  may  be 
applied  either  directly  to  the  front  of  the  sternal  extremity  of  the 
clavicle  or  indirectly  at  the  shoulder,  the  latter  being  carried  at  the  same 
time  forwards  and  inwards.  In  a  typical  case  the  extremity  of  the 
clavicle  is  displaced  behind  the  manubrium,  and  is  lodged  between  the 
sterno-hyoid  and  sterno-thyroid  muscles  and  the  deep  aspect  of  this 
segment  of  the  sternum,  and  all  the  ligaments  of  the  articulation  are 
probably  torn.  There  is  a  depression  in  front,  at  the  site  normally  occu- 
pied by  the  sternal  extremity  of  the  clavicle.  Pressure  upon  the  trachea 
and  oesophagus  may  be  sufficiently  great  to  give  rise  to  urgent  dyspnoea 
and  dysphagia.  Compression  of  the  innominate  vein  will  be  followed 
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by  venous  congestion  of  the  upper  limb,  and  of  the  side  of  the  neck  and 
head  upon  the  same  side.  (3)  Dislocation  upwards  is  much  the  rarest  form  ; 
it  also  is  caused  by  a  powerful  force,  applied  in  such  a  way  as  to  depress 
the  outer  extremity  of  the  clavicle.  The  sternal  extremity  of  the  bone  is 
forced  upwards  and  mounts  over  the  upper  border  of  the  sternum,  and 
occupies  the  interval  between  the  sterno-hyoid  and  sterno-mastoid 
muscles,  the  sternal  head  of  the  latter  bulging  in  front  of  the  bone,  and 
in  this  relationship  the  upward  contrasts  with  the  forward  dislocation 
just  described. 

In  many  cases  considerable  difficulty  is  experienced  in  retaining  the 
sternal  extremity  of  the  clavicle  in  position  after  reduction  has  been 
effected,  especially  when  the  dislocation  has  been  in  the  forward  direc- 
tion, although  numerous  ingenious  devices  have  been  advocated  for  the 
purpose  of  preventing  a  recurrence  of  the  displacement. 

The  Acromio-clavicular  Articulation. — The  articular  surfaces,  which  are  opposed  to  each 
other  in  this  articulation,  are  oval  and  flat,  and  their  long  axes  are  directed  from  before  back- 
wards. They  do  not  lie  exactly  in  the  sagittal  plane,  however,  but  are  somewhat  obliquely 
directed  from  without  inwards  and  from  above  downwards,  so  that  the  clavicular  facet  rests  upon 
that  of  the  acromion.  The  outer  extremity  of  the  clavicle,  too,  projects  to  a  varying  extent  above 
the  plane  of  the  upper  surface  of  the  acromion.  Sometimes  the  articular  surfaces  are  separated 
by  an  interarticular  cartilage  ;  more  commonly,  however,  this  is  wanting.  The  two  surfaces  are 
retained  in  position  by  a  capsular  ligament,  which  is  most  distinctly  marked  above  and  below, 
constituting  the  stiperior  and  inferior  acromio-clavicular  ligaments. 

The  Coraco-clavicular  Ligament  consists  of  two  parts,  which  are  known  as  the  conoid  and 
trapezoid  ligaments.  These  extend  from  an  oblique  ridge  on  the  posterior  half  of  the  upper 
surface  of  the  coracoid  process  to  the  conoid  tubercle,  on  the  posterior  border  of  the  acromial 
extremity  of  the  clavicle,  and  to  a  ridge — trapezoid — which  extends  outwards  and  forwards  from 
this  to  the  anterior  border  of  the  bone. 

The  strength  of  the  acromio-clavicular  articulation  mainly  depends 
upon  the  firm  manner  in  which  the  outer  extremity  of  the  clavicle  is  con- 
nected with  the  coracoid  process  by  the  coraco-clavicular  ligament.  Were 
it  not  for  the  powerful  aid  of  the  latter,  the  ligaments  proper  of  the  joint 
would  be  quite  unequal  to  the  task  of  maintaining  the  articular  surfaces 
in  apposition.  The  coraco-davicular  ligament  has  the  power  of  limiting 
movement  of  the  outer  extremity  of  the  clavicle,  either  backwards  or 
forwards,  or  directly  upwards  from  its  point  of  contact  with  the 
acromion.  Another  factor  which  contributes  to  the  security  of  this  joint 
is  the  slope  of  the  articular  surfaces  of  the  clavicle  and  the  acromion. 
The  clavicular  facet  rests  upon  and  is  supported  by  the  acromion,  and 
in  this  way  downward  displacement  of  the  sternal  extremity  of  the 
clavicle  is  very  effectively  prevented. 

The  most  common  form  of  dislocation  at  this  articulation  is  that  in 
which  the  outer  extremity  of  the  clavicle  is  displaced  upwards  over  the 
acromion,  and  is  the  one  which  would  be  expected  a  priori,  bearing  in 
mind  the  slope  of  the  articular  surfaces.  It  is  usually  caused  by  a  direct 
blow  on  the  shoulder,  the  scapula  being,  in  fact,  driven  beneath  the 
clavicle.  The  reduction  of  the  dislocation  is  easy,  but  its  maintenance  is 
a  matter  of  extreme  difficulty. 

Fractures  of  the  Clavicle. — The  clavicle  is  more  frequently  the  seat 
of  fracture  than  any  other  bone  in  the  body.  The  usual  situation  for 
the  lesion  is  inside  the  coraco-clavicular  ligaments,  in  the  middle  fourth 
of  the  bone,  and  it  may,  when  very  oblique,  occupy  the  entire  length  of 
this  segment  of  the  shaft.  The  direction  of  the  fracture  is  invariably 
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oblique,  the  plane  of  the  obliquity  passing  from  without  inwards,  and 
from  above  downwards,  in  consequence  of  which  the  inner  fragment 
overlaps  the  outer.  Different  hypotheses  have  been  advanced  to  explain 
the  mechanism  of  this  fracture,  one  of  the  most  generally  accepted  being 
that  the  force  of  the  injury  is  transmitted  indirectly  to  the  clavicle, 
which,  being  fixed  at  its  sternal  extremity  by  strong  ligaments,  is 
compressed  in  the  direction  of  its  longitudinal  axis  between  two  op- 
posing forces,  and  gives  way  at  its  weakest  part,  viz.,  at  the  junction 
of  its  curves.  This  theory  has  been  ably  refuted  by  Professor  Bennett. 


FIG.  68. — Fractures  of  the  clavicle.  —  A,  usual  fracture  of  the  shaft ;  B,  incomplete  or 
' '  greenstick  fracture  " ;  C,  fracture  outside  the  conoid  and  trapezoid  ligaments,  showing 
the  typical  displacement  of  the  outer  fragment  ;  D,  fracture  of  the  sternal  extremity, 
with  marked  displacement.  The  author  is  indebted  to  Professor  Bennett  for  the 
specimens  from  which  these  figures  have  been  drawn. 

According  to  this  distinguished  authority,  the  effects  of  a  longitudinal 
force  applied  to  the  clavicle  appear  to  be  very  constant,  and  may  be 
proved  experimentally  by  placing  "the  clavicle  with  its  ends  fairly 
supported  in  the  jaws  of  a  vice  whose  blades  move  parallel  to  each  other." 
"  In  no  case  does  the  bone  break  at  the  junction  of  its  curves,  or  any- 
where near  the  seat  of  the  ordinary  surgical  fracture.  More  frequently 
the  sternal  end  of  the  bone  breaks  obliquely,  the  plane  of  the  fracture 
passing  from  above  and  behind,  downwards  and  forwards." 

The  mechanism  of  the  ordinary  fracture  of  the  shaft  of  the  clavicle  is 
explained  by  Professor  Bennett  in  the  following  way  :  When  the  clavicle 
is  subjected  to  indirect  violence,  as  when  an  individual  falls  upon  the 
outstretched  palm,  elbow,  or  point  of  the  shoulder,  the  force  in  all  cases 
is  transmitted  to  it  through  the  glenoid  cavity  of  the  scapula  and  the 
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ligaments  attaching  the  coracoid  process  to  the  clavicle.  "  Even  in  falls 
upon  the  shoulder,  the  path  of  the  shock  is  still  through  the  glenoid, 
seeing  that  the  point  of  the  shoulder  is  formed  by  the  great  tuberosity  of 
the  humerus,  and  not  by  the  acromion.  In  all  cases,  therefore,  the  force 
is  concentrated  on  the  clavicle  immediately  internal  to  the  coraco- 
clavicular  ligament,  and  appears  to  act  in  such  a  way  as  to  twist  the 
outer  segment  of  the  clavicle  upon  the  inner,  and  not  to  act  in  the 
longitudinal  axis  of  the  bone."  The  degree  of  fixity  necessary  for  the 
production  of  the  injury  is  effected  by  the  muscles.  Displacement  of 
the  fractured  ends  is  the  rule  in  this  fracture,  and  is  confined  for  the 
most  part  to  the  outer  fragment,  which  is  drawn  downwards  and 
inwards,  the  trapezius  not  being  able  to  support  the  weight  of  the  limb. 
This  displacement  is  also  aggravated  by  the  pectoral  muscles,  the 
latissimus  dorsi  and  the  deltoid.  The  outer  fragment  is  also  rotated  so 
that  its  outer  extremity  is  carried  forwards  and  its  inner  extremity 
backwards,  the  serratus  magnus  being  the  principal  agent  by  which  this 
change  of  attitude  is  effected,  as  it  causes  the  scapula  to  rotate  forwards 
against  the  side  of  the  chest.  The  result  of  these  displacements  is  that 
the  inner  fragment  overrides  the  outer  and  leads  to  shortening  of  the 
long  axis  of  the  bone. 

Complications  rarely  attend  fractures  of  the  shaft  of  the  clavicle  unless 
when  the  bone  is  comminuted.  In  such  cases  one  of  the  fragments  may 
be  driven  into  one  of  the  large  vessels,  such  as  the  subclavian  artery 
or  vein  or  the  internal  jugular  vein.  Injury  of  the  subclavian  artery 
is  excessively  rare ;  aneurysm  of  this  artery,  following  fracture  of  the 
clavicle,  is  mentioned,  however,  by  Dupuytren,  and  quite  recently  another 
interesting  case  has  been  recorded  by  Mr  W.  Taylor,  F.R.C.S.I.  Paralysis 
and  loss  of  sensation  in  the  upper  limb  have  also  been  noted  as  the  result 
of  injury  of  the  brachial  plexus.  Not  uncommonly  fracture  of  the  shaft 
of  the  clavicle  is  incomplete ;  in  fact,  this  bone  is  the  commonest  seat  of 
' greenstick'  fracture  (fig.  68  B).  The  extreme  rarity  of  compound  frac- 
ture of  the  clavicle  is  to  be  attributed  to  the  remarkable  laxity  of  the 
overlying  tissues.  Fractures  of  the  outer  extremity  of  the  bone  possess 
but  little  anatomical  interest.  The  usual  site  of  the  lesion  is  between 
the  conoid  and  trapezoid  ligaments  and  the  acromio-clavicular  joint — 
'fracture  outside  the  ligaments'  Occasionally  the  path  of  the  fracture 
crosses  the  bone  at  the  level  of  the  attachment  of  these  ligaments,  and 
is  consequently  alluded  to  as  'fracture  between  the  ligaments'  With  the 
first  of  these  displacement  is  usually  considerable,  owing  to  the  small 
outer  fragment  which  remains  connected  with  the  acromion  becoming 
rotated  forwards  and  inwards  in  such  a  way  that  its  inner  or  fractured 
surface  comes  to  lie  in  front  of  and  at  right  angles  to  the  inner  fragment 
(fig.  68  c).  When  the  fracture  is  between  the  ligaments  it  is  not  usual 
for  it  to  be  attended  by  any  appreciable  degree  of  displacement,  as  the 
fragments  are  maintained  securely  in  apposition  by  their  firm  ligamentous 
connections. 

The  mode  of  production  of  fracture  of  the  inner  extremity  of  the 
clavicle  has  been  discussed  above.  It  is  attended  usually  by  displace- 
ment, the  outer  fragment  moving  downwards  and  forwards  to  such  an 
extent  as  to  simulate  a  dislocation  of  the  sternal  extremity  of  the 
clavicle.  The  path  of  the  fracture  usually  commences  outside  the 
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attachment  of  the  rhomboid  ligament,  from  which  it  passes  downwards 
and  forwards,  and  terminates  at  the  anterior  border  of  the  clavicle,  close 
to  its  sternal  articular  surface  (fig.  68  D). 

THE   SCAPULA. — The  scapula  serves  to  connect  the  upper  limb 
with  the  trunk,  and  greatly  extends  its  range  of  movement.     Even  when 
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FlG.  69. — Sagittal  section  through  the  shoulder  and  chest  on  the  left  side.  Note  the  position 
of  the  scapula  with  reference  to  the  chest  wall,  the  close  manner  in  which  it  is  invested 
by  muscles,  and  its  arched  outline.  The  anterior  or  pectoral  wall  of  the  axilla  is  also  seen, 
as  well  as  the  space  itself  with  its  contained  structures.  This  figure  has  been  drawn  from 
a  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College. 

the  shoulder-joint  is  firmly  ankylosed,  the  upper  limb  still  retains  a  fair 
degree  of  mobility  through  its  connection  with  the  scapula.  Movement 
of  the  latter  in  an  upward  direction  is  effected  by  the  upper  fibres  of  the 
trapezius,  the  levator  anguli  scapulae,  rhomboid,  and  sterno-mastoid 
muscles.  The  bone  is  depressed,  mainly  by  the  lower  fibres  of  the 
trapezius,  the  pectoralis  minor,  latissimus  dorsi,  and  the  lower  fibres  of 
the  pectoralis  major.  It  is  carried  forwards  upon  the  chest  by  the 
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serratus  magnus  and  by  the  two  pectoral  muscles  ;  backwards  by  the 
trapezius,  rhomboids,  and  latissimus  dorsi.  Its  rotatory  movements  are 
effected  by  these  muscles  acting  in  combination. 

The  scapula  affords  valuable  protection  to  the  upper  and  back  part 
of  the  chest  wall  from  the  second  to  the  seventh  ribs,  against  which  it  is 
closely  applied,  and  the  two  scapulae  furthermore  possess  an  additional 
function  in  providing  fixed  points,  from  which  the  muscles  which  are 
instrumental  in  increasing  the  capacity  of  the  thorax,  viz.,  the  two  pec- 
torals, the  serratus  magnus,  and  the  latissimus  dorsi  on  each  side,  are 
enabled  to  act  to  the  fullest  advantage  in  cases  of  difficult  respiration. 

The  more  superficial  and  accessible  parts  of  the  scapula  have  been 
already  noted  in  the  account  of  the  topography  of  the  shoulder.  In  the 
greater  part  of  its  extent  this  bone  is  closely  invested  and  concealed  by 
its  own  intrinsic  muscles  and  by  those  which  connect  it  with  the  trunk. 
The  rarity  of  fracture  involving  the  body  of  the  scapula  is  due  mainly  to 
the  protective  action  of  these  muscles,  to  its  free  mobility,  and  to  the 
elasticity  of  the  chest  wall.  The  occurrence  of  fracture  is  favoured,  how- 
ever, by  the  vertical  and  antero-posterior  arches  of  the  bone  (fig.  69), 
which  are  rendered  very  evident  on  placing  a  macerated  specimen  with 
its  ventral  aspect  resting  against  a  flat  surface.  It  seems  probable  that 
the  tendency  of  a  violent  shock  applied  to  the  posterior  aspect  of  the 
scapula  during  life  is  to  flatten  out  these  curves  against  the  chest  wall, 
and  that  in  consequence  of  the  brittleness  of  its  texture  it  breaks.  The 
usual  site  of  the  fracture  is  the  infraspinous  fossa,  across  which  it  is 
directed  transversely.  Although  both  overlapping  and  angular  projec- 
tion of  the  fragments  are  to  a  large  extent  prevented  by  the  muscles 
which  invest  the  bone  acting  as  so  many  efficient  splints,  yet  in  some 
cases  the  degree  of  displacement,  viz.,  overlapping,  is  by  no  means 
inconsiderable.  The  method  of  examination  best  adapted  for  the  recog- 
nition of  a  fracture  of  this  kind  consists  in  grasping  the  acromion  and 
outer  end  of  the  clavicle  in  one  hand  and  drawing  the  shoulder  back- 
wards, while  the  other  hand  grasps  the  prominent  lower  angle  of  the 
scapula  and  seeks  to  obtain  abnormal  mobility,  and  possibly  crepitation. 

The  acromion  process,  notwithstanding  its  exposed  position,  is  but 
seldom  the  seat  of  a  fracture.  When  the  latter  does  occur  it  is  usually 
behind  the  articular  facet  for  the  clavicle,  but  it  may  open  into  the  acromio- 
clavicular  articulation.  There  is  little  tendency  for  displacement,  owing 
to  the  thick  fibrous  investment  of  this  part  of  the  bone.  It  is  well  to 
remember,  however,  that  the  acromial  epiphysis  may  fail  to  unite  with 
the  spine  of  the  scapula,  and  remain  connected  with  it  by  a  layer  of 
cartilage,  or  the  two  may  even  be  connected  by  a  distinct  articulation. 
It  is  probable  that  this  condition  has  occasionally  been  mistaken  for 
fracture  of  the  acromion.  Normally,  the  acromial  epiphysis  commences 
to  ossify  about  the  fifteenth  year,  and  joins  the  spine  about  the  twenty- 
fifth.  It  is  of  interest  to  note  also  that  the  acromion  sometimes  becomes 
detached  from  the  spine  of  the  scapula  in  the  course  of  chronic  rheumatic 
arthritis  affecting  the  shoulder  or  acromio-clavicular  joint. 

Owing  to  its  sheltered  position  beneath  the  clavicle,  the  coracoid 
process  is  but  little  exposed  to  injury.  It  is  sometimes  fractured,  however, 
the  most  frequent  cause  being  dislocation  of  the  head  of  the  humerus 
inwards  from  beneath  the  coraco-acromial  arch.  Very  rarely  is  it  broken 
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by  muscular  action,  the  biceps  and  coraco-brachialis  being  the  most 
potent  agents  in  this  direction.  In  some  cases  no  marked  displacement 
of  the  detached  fragment  can  be  detected,  as  it  is  evidently  retained  in 
close  relation  to  the  clavicle  by  the  coraco-clavicular  ligament.  Dis- 
placement does,  however,  sometimes  take  place,  the  fragment  being  drawn 
downwards  and  forwards  for  fully  half  an  inch  by  the  short  head  of  the 
biceps  and  the  coraco-brachialis  muscles.  When  this  happens,  union  by 
ligamentous  tissue  may  be  expected. 

The  surgical  neck  of  the  scapula  is  the  term  applied  to  that  portion 
of  the  bone  which  is  indicated  by  a  line  running  from  the  suprascapular 
notch  to  the  upper  part  of  the  axillary  border,  and  almost  parallel  to  the 
glenoid  articular  surface.  This  portion  of  the  scapula  is  sometimes, 
though  rarely,  the  site  of  fracture.  The  degree  of  displacement  of  the 
detached  segment  is  necessarily  limited,  owing  to  the  strong  ligamentous 
connection  which  is  interposed  between  the  coracoid  and  the  clavicle. 
A  useful  form  of  examination  to  adopt  as  an  aid  to  the  correct  diagnosis 
of  this  form  of  injury  is  to  place  the  palm  of  one  hand  flat  over  the  top 
of  the  shoulder,  with  the  index  ringer  resting  on  the  coracoid  process, 
and  with  the  other  hand  to  rotate  the  humerus;  crepitation  will  probably 
be  elicited  in  the  course  of  the  examination. 

A  peculiar  alteration  in  the  position  of  the  scapula  is  sometimes 
observed  as  a  sequela  of  paralysis  of  the  serratus  magnus  muscle  through 
injury  of  the  posterior  thoracic  or  external  respiratory  nerve,  which  has 
been  known  to  follow  the  pressure  of  heavy  weights  carried  upon  the 
shoulder.  The  most  important  action  of  the  serratus  magnus  is  to 
maintain  the  scapula  in  close  contact  with  the  chest  wall,  as  in  the 
forcible  movement  of  hitting  out  straight  from  the  shoulder,  or  in  drawing 
the  latter  back  to  its  fullest  extent.  When  the  muscle  is  paralysed,  the 
vertebral  border  and  inferior  angle  of  the  scapula  no  longer  remain  in 
contact  with  the  chest  wall,  but  project  out  from  it  like  a  wing,  and  this 
abnormal  attitude  is  rendered  much  more  striking  when  the  limb  is 
moved  in  different  directions. 


THE  AXILLA. 

The  axilla  is  the  pyramidal-shaped  space  which  is  situated  between  the  upper  and  lateral 
aspect  of  the  chest  wall  and  the  upper  limb.  It  presents  for  examination  ( I )  an  anterior  or  clavi- 
pectoral,  (2)  a  posterior  or  scapular,  and  (3)  an  internal  or  thoracic  wall.  The  apex  or  inlet  of  the 
space  transmits  the  large  vessels  and  nerves  which  pass  to  and  fro  between  the  upper  limb  and 
the  root  of  the  neck  ;  it  is  somewhat  triangular  in  outline,  and  is  bounded  in  front  by  the  clavicle 
and  subclavius  muscle,  behind  by  the  first  rib  and  the  first  digitation  of  the  serratus  magnus 
muscle,  externally  by  the  coracoid  process.  The  floor  or  base  of  the  axillary  pyramid  is  directed 
downwards,  and  corresponds  to  the  hollow  of  the  armpit  already  noted,  which  has  for  its  con- 
fines the  anterior  and  posterior  axillary  folds,  the  chest  wall,  and  the  inner  aspect  of  the  arm. 

The  Clavi-pectoral  Region. — The  mode  of  constitution  of  the  anterior  wall  of  the  axilla 
next  demands  the  attention  of  the  reader,  its  surface  anatomy  having  been  disposed  of  in  the 
introductory  section  (topography  of  shoulder  region,  page  234). 

In  the  course  of  a  dissection  of  this  region  it  will  be  observed  that  the  structures  which 
enter  into  its  constitution  are  arranged  in  three  strata.  The  first  includes  the  integument  and 
superficial  fascia,  with  its  contained  vessels  and  nerves,  the  second  consists  of  the  pectoralis 
major  muscle,  while  the  third  is  represented  by  the  costo-coracoid  membrane  or  clavi-pectoral 
fascia  and  the  pectoralis  minor  muscle  ;  these  strata  are  shown  diagrammatically  in  fig.  70. 

When  the  superficial  structures  have  been  removed  from  the  surface  of  the  pectoralis  major, 
the  muscle  will  be  found  enclosed  within  the  thin  pectoral  fascia,  a  linear  interval  separating  its 
clavicular  and  costo-sternal  portions.  At  the  upper  and  outer  border  of  the  muscle  there  is  an 
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elongated  and  very  narrow  triangular  interval  separating  it  from  the  deltoid  and  containing  the 
cephalic  vein,  the  humeral  branch  of  the  acromio-thoracic  artery,  together  with  one  or  two  small 
lymphatic  glands  (infradavicular}.  The  division  and  reflection  of  the  clavicular  head  of  the 
pectoralis  major  (fig.  72)  brings  into  view  the  branches  of  the  external  anterior  thoracic  nerve 
and  of  the  acromio-thoracic  artery  by  which  it  is  supplied,  and  also  a  membranous  layer,  which 
varies  much  in  distinctness  in  different  individuals,  and  stretches  from  the  clavicle  and  subclavius 
muscle  above  to  the  pectoralis  minor  below,  and  from  the  chest  wall  internally  to  the  coracoid 
process  externally.  This  is  the  costo-coracoid  membrane  or  clavi-pectoral  fascia.  Having 
enveloped  the  pectoralis  minor  muscle  it  descends  to  meet  the  axillary  fascia  as  it  stretches  from 
the  anterior  to  the  posterior  axillary  fold,  and  beyond  this  it  terminates  by  fusing  with  the 
superficial  tissues  of  the  armpit.  In  consequence  of  its  evident  action  in  drawing  up  the  skin 
towards  the  apex  of  the  space  it  has  received  the  name  of  the  suspensory  ligament  of  the  axilla 
(Gerdy). 

Above  the  pectoralis  minor  muscle  the  clavi-pectoral  fascia  is  pierced  by  the  cephalic  vein, 
the  branches  of  the  acromio-thoracic  artery  and  vein,  and  by  the  external  anterior  thoracic  nerve. 
An  expansion  also  passes  from  its  deep  aspect  to  fuse  with  the  sheath  of  the  axillary  vessels,  its 
connection  with  the  vein  being  particularly  intimate.  The  interspace  between  the  two  pectoral 
muscles  is  occupied  by  some  loose  cellular  tissue,  some  branches  of  the  acromio-thoracic  vessels, 

Deep  Cerv.  Fascia  (Pretracheal  Layer). 
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FIG.  70. — Diagram  to  illustrate  the  arrangement  of  the  deep  cervical  fascia  at  the  level  of  the 
omo-clavicular  triangle,  and  its  connection  with  the  costo-coracoid  membrane  ;  the  con- 
nection of  the  latter  with  the  axillary  fascia  is  also  represented. 

and  of  the  anterior  thoracic  nerves,  and  occasionally  a  ymphatic  gland  (infraclavicular 
group). 

The  posterior  or  scapular  wall  of  the  axilla  is  formed  from  above  downwards  by  the  sub- 
scapularis,  latissimus  dorsi,  and  teres  major  muscles.  Externally  it  approaches  very  close  to  the 
anterior  wall  at  the  level  of  the  bicipital  groove  of  the  humerus,  the  angular  interval  which 
separates  the  two  being  occupied  by  the  long  and  short  heads  of  the  biceps  and  coraco- 
brachialis  muscles,  in  close  relationship  to  the  inner  aspect  of  which  lie  the  axillary  vessels  and 
nerves  (fig.  71). 

The  inner  or  costal  -wall  of  the  space  corresponds  in  extent  to  the  five  upper  ribs  with  the 
intervening  spaces  ;  these  are  concealed,  however,  by  the  serratus  magnus  muscle,  which  is 
inserted  posteriorly  along  the  inner  aspect  of  the  vertebral  border  of  the  scapula,  and  effectually 
closes  the  space  in  this  direction.  The  posterior  thoracic  nerve,  which  appears  from  behind  the 
axillary  vessels,  subsequently  lies  in  contact  with  the  superficial  aspect  of  this  muscle,  and 
diminishes  gradually  in  size  as  it  descends. 

The  structures  which  constitute  the  floor  of  the  axilla  are  the  integument,  the  subcutaneous 
tissue,  and  the  axillary  fascia.  This  last  is  an  ill-defined  layer,  which  fuses  in  front  with  the 
pectoral  fascia,  and  is  continuous  behind  with  that  which  envelops  the  latissimus  dorsi  and  teres 
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major  muscles ;  internally  it  is  continuous  with  the  fascia  over  the  serratus  magnus,  and  exter- 
nally it  fuses  with  the  deep  fascia  which  invests  the  arm. 

THE  AXILLARY  CONTENTS.— The  axillary  artery,  which  is  the  direct  continua- 
tion of  the  subclavian,  extends  from  the  outer  border  of  the  first  rib  to  the  lower  border  of  the  teres 
major  muscle,  beyond  which  it  is  known  as  the  brachial  artery.  Throughout  its  course  it  is  closely 
accompanied  by  the  axillary  vein,  and  has  very  intimate  although  changing  relationships  with 
the  nerves  of  the  brachial  plexus,  the  collective  structures  constituting  a  large  nervo-vascular 
bundle,  which  is  loosely  invested  by  the  cellular  tissue  of  the  axilla,  with  its  contained  lymphatic 
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FIG.  71. — Dissection  of  the  Axilla. 

glands.  A  prolongation  of  the  deep  cervical  fascia  also  extends  downwards  over  the  vessels, 
forming  the  axillary  sheath.  The  artery  is  divided  into  three  stages,  which  correspond  to  the 
portions  of  the  vessel  situated  above,  behind,  and  below  the  pectoralis  minor  muscle.  The 
direction  of  the  artery  varies  somewhat  with  the  position  of  the  upper  limb.  When  the  latter 
hangs  by  the  side,  the  artery  forms  a  distinct  curve,  the  convexity  of  which  is  directed  upwards 
and  outwards.  When  the  arm  is  raised  to  a  right  angle  with  the  trunk  this  curve  almost 
disappears,  and  when  the  limb  is  held  up  vertically  the  artery  again  curves  to  some  extent  as  it 
passes  beneath  the  lower  part  of  the  capsule  of  the  shoulder-joint,  against  which  the  head  of  the 
humerus  projects  in  this  attitude  of  the  limb. 

The  first  stage  of  the  artery  is  related  by  its  inner  and  anterior  aspect  to  the  axillary  vein. 
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The  cords  of  the  brachial  plexus  lie  behind  and  to  its  outer  side,  and  it  is  crossed  by  the  cephalic 
vein  from  without  inwards,  on  its  way  to  join  the  axillary  trunk  (fig.  72).  By  its  deep  aspect 
the  artery  is  related  to  the  first  intercostal  space,  the  serratus  magnus  muscle,  and  the  posterior 
thoracic  nerve.  To  reach  the  artery  from  the  front,  it  would  be  necessary  to  remove  the  integu- 
ment, some  fibres  of  the  platysma,  the  descending  supraclavicular  nerves,  the  pectoral  fascia,  the 
clavicular  head  of  the  pectoralis  major  muscle,  the  costo-coracoid  membrane,  and  the  axillary  sheath. 

When  the  arm  is  held  at  right  angles  to  the  side,  the  axillary  vein  tends  to  overlap  the  artery 
and  conceal  it  from  view. 

One  branch  only  is  given  off,  as  a  rule,  from  the  first  stage  of  the  vessel,  viz. ,  the  superior 
thoracic.  It  arises  at  the  level  of  the  first  intercostal  space,  and  distributes  branches  to  the 
surrounding  muscles.  It  anastomoses  with  the  suprascapular,  acromio- thoracic,  and  internal 
mammary  arteries. 

The  second  stage  is  the  shortest.  The  inner,  outer,  and  posterior  cords  of  the  brachial  plexus 
are  arranged  around  it  in  the  exact  order  that  their  names  indicate,  and  the  following  branches  take 
their  origin  from  it:  (i)  The  acromio-thoracic  artery.  This  vessel  arises  just  below  the  upper 
border  of  the  pectoralis  minor  muscle,  pierces  the  costo-coracoid  membrane,  and  divides  into  its 
terminal  branches,  the  general  direction  of  which  is  indicated  by  their  names,  viz.,  acromial, 
pectoral,  clavicular,  and  humeral  (fig.  72) ;  they  form  extensive  anastomoses  with  neighbouring 
vessels.  (2)  The  long  thoracic  artery  is  directed  downwards  and  forwards  in  close  proximity  to 
the  lower  border  of  the  pectoralis  minor  muscle  along  the  side  of  the  chest.  It  anastomoses  with 
branches  of  the  aortic  intercostals,  with  the  acromio-thoracic  and  subscapular  arteries.  It  is 
•distributed  to  the  pectoral  muscles  and  to  the  outer  and  deep  aspects  of  the  mammary  gland, 
hence  the  name  sometimes  applied  to  it  of  external  mammary  artery. 

The  third  stage  of  the  artery  (fig.  71)  is  at  first  overlaid  by  the  pectoralis  major  muscle, 
but  before  reaching  its  termination  it  emerges  from  beneath  this  and  occupies  a  superficial 
position.  The  nerves  proceeding  from  the  brachial  plexus  are  arranged  around  it  in  the  following 
manner : — in  front,  the  inner  head  of  the  median  nerve  ;  internally,  the  internal  cutaneous 
and  ulnar  nerves,  the  lesser  internal  cutaneous  nerve  being  separated  from  the  artery  by  the 
axillary  vein  (fig.  71);  externally,  the  median  and  musculo-cutaneous  nerves;  posteriorly,  the 
rnusculo-spiral  and  circumflex  nerves.  The  lower  and  inner  part  of  the  capsule  of  the  shoulder- 
joint  and  the  coraco-brachialis  muscle  are  related  to  the  artery  on  its  external  aspect ;  the 
latissimus  dorsi  and  teres  major  muscles  are  related  to  it  behind. 

Occasionally  the  vessel  is  crossed  by  a  muscular  or  tendinous  slip,  passing  from  the 
latissimus  dorsi  to  the  deep  fascia  on  the  inner  side  of  the  arm. 

The  following  branches  are  given  off  by  this  stage  :  (l)  The  alar  thoracic  artery.  This 
small  vessel  is  inconstant  as  to  its  origin  ;  occasionally,  as  in  fig.  7 1 ,  it  springs  from  the  subscapular 
artery  or  from  the  long  thoracic  ;  it  is  distributed  to  the  axillary  tissue  and  lymph  glands. 
(2)  The  subscapular  artery  is  a  vessel  of  considerable  size  ;  it  arises  at  the  lower  border  of  the 
subscapularis  muscle,  and  runs  downwards  and  backwards  in  relation  to  the  posterior  fold  of  the 
axilla,  in  company  with  the  long  subscapular  nerve.  Its  most  important  branch,  the  dorsalis 
scapula  artery,  reaches  the  infraspinous  fossa  of  the  scapula,  where  it  anastomoses  with  the  pos- 
terior scapular  and  suprascapular  arteries.  Branches  of  the  subscapular  artery  also  reach  the  inner 
wall  of  the  axilla,  where  they  anastomose  with  the  aortic  intercostals,  internal  mammary,  and  long 
thoracic  arteries.  (3)  The  anterior  circumflex  artery  is  usually  a  small  vessel  which  passes 
outwards  in  front  of  the  surgical  neck  of  the  humerus  and  behind  the  biceps  and  coraco-brachialis 
muscles.  It  sends  a  branch  upwards  in  the  bicipital  groove  to  the  joint,  and  another  which 
passes  to  the  deep  surface  of  the  deltoid  to  anastomose  with  the  posterior  circumflex  artery,  and 
contribute  to  the  supply  of  this  muscle.  (4)  The  posterior  circumflex  artery  passes  backwards 
from  its  origin,  in  company  with  the  circumflex  nerve,  through  the  quadrilateral  space  bounded 
above  by  the  subscapularis,  below  by  the  teres  major,  internally  by  the  long  head  of  the  triceps, 
and  externally  by  the  surgical  neck  of  the  humerus.  It  reaches  the  deep  aspect  of  the  deltoid 
muscle,  which  it  supplies,  and  in  addition  sends  branches  to  the  shoulder -joint  and  the  humerus. 
It  anastomoses  with  the  acromio-thoracic,  suprascapular,  anterior  circumflex,  and  with  the 
ascending  branch  of  the  superior  profunda  artery  (brachial). 

The  axillary  vein  is  formed  by  the  junction  of  the  basilic  vein  with  the  vena?  comites  of  the 
brachial  artery.  It  is  closely  accompanied  on  its  inner  aspect  in  the  lower  part  of  the  space  by 
the  lesser  internal  cutaneous  nerve,  and  the  glands  belonging  to  the  external  axillary  group  are 
scattered  along  its  antero-internal  aspect.  Its  principal  affluent  is  the  cephalic  vein,  which  joins 
it  a  short  distance  below  the  clavicle,  viz.,  within  the  clavi-pectoral  triangle. 

THE  BRACHIAL  PLEXUS.— The  brachial  plexus  is  formed  by  the  anterior  primary 
divisions  of  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves  together  with  the  greater  part  of 
the  first  thoracic  nerve.  The  individual  nerves  appear  in  the  lower  part  of  the  posterior  triangle 
of  the  neck  (supraclavicular  fossa),  where  they  emerge  through  the  slit-like  interval  which  separates 
the  scalenus  anticus  in  front  from  the  scalenus  medius  and  posticus  muscles  behind.  As  they 
proceed  towards  the  axilla  they  converge  more  and  more,  and  as  they  pass  behind  the  clavicle 
they  are  massed  together  into  a  compact  bundle.  The  relations  which  they  present  to  the  sub- 
clavian  vessels  and  the  deeper  structures  within  the  posterior  triangle  have  been  noted  in  the 
section  dealing  with  this  region  of  the  neck. 
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Before  giving  off  their  ultimate  branches  of  distribution,  the  constituent  nerves  of  the  plexus 
undergo  division  and  present  an  arrangement  which  is  fairly  constant,  and  of  which  the  following 
is  a  resum^ : — The  five  nerves  destined  for  the  formation  of  the  plexus  are  at  first  separate,  but 
only  for  a  short  distance.  The  two  upper  and  the  two  lower  members  of  the  series  unite  with 
each  other,  the  intermediate  or  seventh  cervical  nerve  remaining  single,  and  in  this  way  three 
large  nerve  cords  are  formed.  Almost  immediately  after  the  formation  of  these  cords,  and  at  the 
level  of  the  entrance  to  the  axilla  each  of  the  constituent  nerves  splits  into  an  anterior  or  ventral 
and  a  posterior  or  dorsal  division,  and  from  these  are  formed  the  three  ultimate  cords  of  the 
plexus  which  have  been  observed  to  surround  the  second  stage  of  the  axillary  artery. 

The  Outer  Cord  of  the  plexus  is  derived  from  the  anterior  or  ventral  divisions  of  the  fifth, 
sixth,  and  seventh  cervical  nerves.  Its  branches  of  distribution  are,  the  external  anterior  thoracic 
nerve,  the  musctilo-cutaneous  newe,  and  the  outer  head  of  the  median  nerve. 


Brachial  Plexus. 
Coracoid  Process. 


•  •      •        Clavi-pectoral  Fascia  and  Subclavius  M. 
•      Axillary  Vein. 

•  Axillary  Art. 

External  Anterior  Thoracic  N. 
Internal  Anterior  Thoracic  N. 

Pectoralis  Minor  M. 
Inter-pectoral  Region. 
Clavic.  part  of  Pectoralis  Major. 
Cephalic  Vein. 

FIG.  72. — Dissection  of  the  first  stage  of  the  axillary  artery.  The  axillary  vessels  and  the  cords 
of  the  brachial  plexus  have  been  exposed  within  the  clavi-pectoral  triangle,  i.e.  the  space 
bounded  above  by  the  clavicle  and  subclavius  muscle,  below  by  the  pectoralis  minor. 
The  clavicular  head  of  the  pectoralis  major  has  been  turned  aside  and  the  structures  related 
to  its  deep  surface,  viz.,  the  two  anterior  thoracic  nerves,  the  branches  of  the  acromio- 
thoracic  artery,  and  the  cephalic  vein,  have  been  preserved.  Note  the  cephalic  vein 
crossing  over  the  artery,  from  without  inwards,  and  terminating  in  the  axillary  vein. 

The  Inner  Cord  of  the  plexus  is  derived  from  the  anterior  or  ventral  division  of  the  eighth 
cervical  nerve  and  the  greater  part  of  the  first  thoracic  nerve.  Its  branches  of  distribution  are, 
the  inner  head  of  the  median,  the  ulnar,  internal  cutaneous,  lesser  internal  cutaneous,  and  the 
internal  anterior  thoracic  nerve. 

The  Posterior  Cord  of  the  plexus  results  from  the  fusion  of  the  posterior  or  dorsal  divisions 
of  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves.  Its  branches  of  distribution  are,  the 
circumflex,  the  three  subscapular,  and  nmsculo- spiral  nerves. 

All  the  foregoing  branches  of  the  brachial  plexus  are  given  off  below  the  clavicle  (infra- 
clavicular  branches) ;  a  certain  number  are  given  off,  however,  above  the  clavicle  (supraclavicular 
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branches').  They  include  the  suprascapular  and  posterior  thoracic  nerves,  the  nerves  to  the 
subclavius,  levator  anguli  scapulas,  scalene  and  longus  colli  muscles,  also  a  communicating  twig 
which  joins  the  phrenic  nerve.  The  second  thoracic  nerve  also  contributes  to  the  supply  of  the 
upper  limb  through  its  lateral  cutaneous  branch,  i.e.  the  intercosto-hiimeral  nerve  (fig.  71). 

THE  AXILLARY  LYMPHATIC  GLANDS.— These  important  glands  are  im- 
bedded in  the  loose  cellular  and  fatty  connective  tissue  which  occupies  the  axillary  space.  They 
appear  to  vary  in  number,  and  in  size  too  they  present  great  irregularity,  some  being  so  small  as 
to  almost  escape  detection.  The  following  groups  are  to  be  noted  : — ( I )  An  anterior  or  pectoral 
group,  consisting  of  five  or  six  glands,  lying  against  the  outer  surface  of  the  serratus  magnus 
muscle  and  behind  the  anterior  axillary  fold.  These  glands  receive  the  lymph  stream  proceeding 
from  the  pectoral  region,  the  outer  two-thirds  of  the  mammary  gland,  the  upper  part  of  the 
anterior  and  lateral  abdominal  wall  above  the  umbilicus  and  the  side  of  the  chest  (fig.  74).  (2)  A 
central  group,  varying  in  number  from  ten  to  fifteen.  These  glands  are  situated  beneath  the 
axillary  fascia  at  the  level  of  the  hairy  portion  of  the  integument  which  covers  in  the  armpit  ; 
their  main  afferent  vessels  come  from  the  upper  limb,  and  they  are  traversed  by  the  intercosto- 
humeral  nerve.  (3)  A  posterior  or  subscapular  group,  five  or  six  in  number,  which  are  arranged 
along  the  posterior  axillary  fold  in  relation  to  the  subscapular  artery  and  the  long  subscapular 
nerve  which  supplies  the  latissimus  dorsi  muscle.  These  glands  receive  the  lymph  stream  pro- 
ceeding from  the  superficial  tissues  of  the  back  and  from  the  posterior  part  of  the  side  of  the 
chest.  (4)  An  external  or  deep  group  arranged  along  the  course  of  the  axillary  vessels,  and 
varying  in  number  from  six  to  ten.  These  are  continuous  superiorly  with  the  deep  lymphatic 
glands  at  the  root  of  the  neck  and  within  the  mediastinum  ;  they  communicate  freely  with  the 
central  and  other  groups  of  axillary  glands,  and  receive  the  greater  number  of  the  lymphatic 
vessels  from  the  upper  limb. 

A  few  i nfraclavicular  glands  are  found  in  the  pectoral  region,  in  the  interval  between  the 
pectoralis  major  and  the  deltoid  muscles,  between  the  pectoralis  major  and  minor  muscles,  and 
near  the  point  where  the  branches  of  the  acromio-thoracic  artery  diverge  from  each  other.  These 
glands  receive  afferent  vessels  from  the  outer  side  of  the  arm,  from  the  shoulder  region,  and  some 
also  which  issue  from  the  mammary  gland. 

Axillary  Tumours. — The  commonest  form  of  axillary  tumour  is  no 
doubt  that  which  has  its  origin  in  the  lymphatic  glands  of  the  space. 
Various  causes  tend  to  promote  enlargement  of  the  axillary  lymphatic 
glands,  such  as  sepsis,  tuberculosis,  syphilis.  They  become  enlarged 
also  in  cases  of  lymphadenoma  (Hodgkin's  Disease),  and  are  occasionally 
the  seat  of  sarcomatous  disease — lympho-sarcoma.  The  cancerous  form 
of  malignant  disease,  however,  is  rather  common,  owing  to  the  frequency 
with  which  these  glands  become  infected  secondarily  to  a  cancerous 
growth  originating  in  the  mammary  gland.  A  progressively  increasing 
axillary  tumour  leads  to  a  general  expansion  of  the  space,  its  anterior 
wall  becomes  prominent,  its  floor  bulges,  and  the  scapula  is  pushed  away 
from  the  chest  wall. 

Axillary  Abscesses. — There  are  two  available  sites  for  abscess  in  the 
axillary  region,  (i)  the  pectoral  region,  i.e.  superficial  to  the  clavi-pectoral 
fascia  or  costo-coracoid  membrane,  (2)  the  axillary  space  (fig.  70). 

A  pectoral  abscess  may  have  its  origin  in  a  penetrating  wound  or  in 
one  of  the  infraclavicular  glands.  As  a  rule,  it  fails  to  attain  large 
dimensions,  and  becomes  superficial  either  in  the  infraclavicular  fossa  or 
at  the  level  of  the  anterior  axillary  fold. 

An  abscess  within  the  axillary  space  is  usually  of  lymphatic  origin, 
and  is  preceded  by  an  acute  or  chronic  enlargement  of  one  or  more  of  the 
axillary  glands  (lymphadenitis} ;  or  it  may  succeed  inflammation  of  the 
lymphatic  vessels  themselves  (lymphangitis],  the  infection  having  reached 
them  from  some  neighbouring  source,  more  especially  the  fingers,  as  these 
are  so  much  exposed  to  injury  and  septic  influences.  Such  an  abscess 
may  be  preceded  also  by  suppuration  within  the  shoulder-joint,  or  by 
caries  of  one  of  the  upper  ribs.  Should  the  progress  of  the  suppuration 
continue  unchecked,  the  entire  axilla  may  be  converted  into  an  abscess 
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cavity ;  its  floor,  which  is  always  concave  under  normal  conditions, 
bulges  downwards  and  becomes  distinctly  convex,  and  its  anterior  wall 
also  becomes  unusually  prominent.  Owing  to  the  free  communication 
which  exists  between  the  axilla  and  the  deep  part  of  the  supraclavicular 
fossa,  the  abscess  finds  no  difficulty  in  extending  upwards  behind  the 
clavicle  into  the  root  of  the  neck,  but  its  progress  in  a  backward  direc- 
tion is  prevented  by  the  attachment  of  the  serratus  magnus  to  the  scapula. 
Extension  into  the  arm  along  the  path  of  the  vessels  is  sometimes 
observed;  indeed  a  collection  of  pus  may  gravitate  from  the  axilla  to 
the  bend  of  the  elbow. 

The  proper  treatment  for  all  abscesses  within  the  axilla  is  early  and 
free  evacuation  of  their  contents.  The  incision  is  directed  midway 
between  the  anterior  and  posterior  axillary  folds,  so  as  to  avoid  the  long 
thoracic  and  subscapular  vessels.  The  back  of  the  knife  is  directed 
towards  the  arm  and  its  cutting  edge  towards  the  chest  wall,  the  object 
being  to  keep  well  away  from  the  axillary  vessels,  especially  the  axillary 
vein,  which  occupies  the  outer  angle  of  the  space.  Subsequent  to  the 
evacuation  of  a  large  axillary  abscess,  the  cavity  shrinks,  and  the  granula- 
tion tissue  of  its  walls  becomes  organised,  the  result  being  a  mass  of 
cicatricial  tissue,  which  has  the  unpleasant  effect  of  limiting  the  normal 
free  gliding  movements  between  the  scapula  and  the  chest  wall,  and  of 
interfering  with  the  motions  of  the  shoulder. 

The  Surgery  of  the  Axilla. — Extensive  operations  are  frequently 
carried  out  nowadays  within  the  axilla,  more  especially  those  which  have 
for  their  aim  the  radical  treatment  of  cancer  of  the  breast.  The  principal 
structure  endangered  is  the  axillary  vein.  A  glance  at  fig.  74  will  show 
that  this  large  vessel  is  situated  at  the  outer  angle  of  the  axillary  space, 
and  is  closely  related  to  the  deep  group  of  lymphatic  glands  which  are 
continuous  through  the  axillary  inlet  with  the  deep  glands  at  the  root 
of  the  neck.  A  wound  of  the  vein  high  up  is  particularly  dangerous, 
not  only  by  reason  of  the  profuse  haemorrhage  which  inevitably  follows, 
but  also  owing  to  the  risk  of  air  entering  the  vessel,  its  walls  being  held 
apart  by  the  fascial  expansion  which  it  derives  from  the  costo-coracoid 
membrane.  It  is  advisable,  therefore,  in  all  extensive  axillary  operations, 
to  expose  the  axillary  vein  as  soon  as  possible,  as  one  will  be  more  likely 
thereby  to  avoid  wounding  it  in  the  course  of  the  subsequent  manipula- 
tions. By  the  aid  of  a  sharp  scalpel  or  pair  of  blunt-pointed  scissors 
curved  on  the  flat,  the  loose  tissue  which  surrounds  the  axillary  vessels 
and  the  large  brachial  nerves  can  be  freely  removed,  and  a  clean  dissec- 
tion made  of  the  space  up  to  the  clavicle.  In  the  course  of  these 
extensive  axillary  dissections  the  operator  should  also  avoid  wounding 
the  posterior  thoracic  nerve,  which  descends  upon  the  surface  of  the 
serratus  magnus  muscle,  and  the  long  subscapular  nerve,  which  is  closely 
associated  with  the  subscapular  vessels  and  supplies  the  latissimus  dorsi 
muscle. 

A  portion  of  the  axillary  vein  may  require  resection,  particularly 
when  its  wall  is  involved  in  a  mass  of  cancerous  glands.  In  such  cases 
the  obliteration  of  the  vessel  may  be  followed  by  a  slight  degree  of  con- 
gestion of  the  upper  limb,  but  it  is  usually  of  a  transitory  nature,  and 
disappears  when  the  latter  is  elevated,  the  blood  being  carried  away 
principally  by  the  cephalic  vein. 
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Penetrating  Wounds  of  the  Axilla  are  often  accompanied  by  free 
haemorrhage,  especially  if  one  of  the  main  vessels  has  been  divided.  Should 
the  blood  not  find  free  exit  externally,  it  will  form  an  extensive  extra- 
vasation or  haematoma  within  the  axilla,  which  fluctuates  on  pressure, 
and  is  quickly  succeeded  by  extensive  ecchymosis  of  the  skin.  In 
cases  of  such  extravasation,  if  it  is  evident  the  bleeding  is  continuing, 
the  rule  of  treatment  is  to  freely  open  the  axillary  space,  search  for  the 
bleeding  point,  and  apply  a  ligature  to  it,  as  one  can  never  be  quite 
certain  which  particular  vessel  is  wounded.  A  profuse  and  alarming 
haemorrhage  may  proceed  from  one  of  the  axillary  branches,  such  as  the 
subscapular  or  the  long  thoracic  artery,  the  main  vessels  being  quite  intact. 
If  both  the  axillary  artery  and  vein  be  wounded  simultaneously,  an 
arterio-venous  aneurysm  will  probably  develop  at  that  point. 

One  or  more  of  the  large  nerves  are  liable  to  be  wounded  also,  the 
nature  of  the  injury  being  revealed  by  loss  of  power  or  sensation  or  both 
in  the  parts  supplied  by  the  particular  nerve  ;  the  median  nerve  would 
appear  to  suffer  most  frequently. 

Axillary  Aneurysm. — The  comparative  frequency  with  which  the 
axillary  artery  is  the  seat  of  aneurysm  can  scarcely  be  wondered  at, 
considering  its  close  proximity  to  the  heart,  its  well  marked  curve, 
and  its  free  range  of  mobility.  Owing  to  its  close  relationship  to  the 
shoulder,  also,  it  is  exposed  to  overstrain  in  the  execution  of  the  widely 
extended  movements  which  are  constantly  taking  place  at  this  articula- 
tion. In  the  reduction  of  old  dislocations,  too,  the  artery  is  liable  to  be 
injured  in  the  process  of  breaking  down  adhesions  between  it  and  the 
tissue  which  invests  the  head  of  the  humerus. 

The  presence  of  the  aneurysm  is  usually  revealed  by  a  tumour  in 
the  axilla.  If  the  upper  part  of  the  artery  be  implicated,  the  aneurysmal 
tumour  has  a  tendency  to  project  below  the  clavicle  and  to  obliterate 
the  infraclavicular  fossa.  When  the  aneurysm  springs  from  the  lower 
part  of  the  artery,  however,  the  anterior  fold  of  the  axilla  is  raised,  the 
hollow  of  the  armpit  disappears,  and  is  replaced  by  a  soft,  compressible 
and  pulsating  tumour ;  the  pulsation  can  be  arrested,  however,  by  com- 
pressing the  third  stage  of  the  subclavian  artery  against  the  first  rib.  In 
consequence  of  the  laxity  of  the  tissue  surrounding  the  artery,  the  aneurysm 
meets  with  little  resistance,  and  its  growth  accordingly  is  usually  rapid. 
Pressure  of  the  aneurysm  upon  the  nerves  of  the  brachial  plexus  causes 
pain,  and  subsequently  loss  of  sensation  in  certain  of  the  cutaneous  areas 
in  the  upper  limb  ;  loss  of  power  also  follows  through  interference  with 
its  motor  nerves.  Compression  of  the  axillary  vein,  if  excessive,  may 
give  rise  to  oedema  of  the  hand  and  arm.  The  surgical  treatment  best 
adapted  to  these  cases  is  either  compression  or  ligature  of  the  subclavian 
artery  in  its  third  stage.  For  an  account  of  the  latter  operation  see 
p.  229. 

Ligature  of  the  Axillary  Artery  is  performed  either  in  the  first 
stage  of  the  vessel,  viz.,  above  the  pectoralis  minor,  or  in  its  third  stage 
as  it  lies  upon  the  tendon  of  the  latissimus  dorsi  muscle. 

Ligature  of  tJie  first  stage. — This  operation  is  attended  with  consider- 
able difficulty,  owing  to  the  deep  situation  of  the  artery,  the  numerous 
small  vessels  which  are  encountered  in  approaching  it,  and  the  narrow 
limits  of  the  space  in  which  the  final  manipulations  are  conducted. 
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The  shoulder  having  been  pushed  upwards  and  backwards  as  far  as 
possible,  a  slightly  curved  incision  is  made  through  the  skin,  from  a  point 
inside  the  tip  of  the  coracoid  process  to  a  point  just  below  the  sterno- 
clavicular  articulation,  the  descending  supraclavicular  nerves,  some 
platysma  fibres,  and  possibly  a  vein  connecting  the  cephalic  with  the 
external  jugular  being  at  the  same  time  divided.  The  clavicular  portion 
of  the  pectoralis  major  muscle  is  exposed  and  divided  in  the  full  length 
of  the  wound.  The  cephalic  vein  may  now  appear,  and  if  so,  it  should  be 
drawn  downwards  and  inwards,  as  its  principal  tributaries  join  it  on  its 
inner  aspect.  The  pectoralis  minor  muscle  is  next  identified  and  drawn 
downwards  by  a  broad  retractor,  the  deep  part  of  the  wound  being  mean- 
while fully  illuminated.  The  costo-coracoid  membrane,  which  is  now 
exposed,  is  not  always  very  distinct ;  it  is  carefully  divided  close  to  the 
coracoid  process,  care  being  taken,  at  the  same  time,  to  avoid  wounding 
the  branches  of  the  acromio-thoracic  artery  and  the  external  anterior 
thoracic  nerve,  which  come  forwards  at  this  level  (fig.  72).  The  internal 
anterior  thoracic  nerve  may  also  be  identified ;  it  will  be  found  passing 
forwards  between  the  vein  and  the  artery,  and  is  connected  with  the 
external  anterior  thoracic  nerve  by  a  slender  branch  of  communication. 
As  the  axillary  vein  comes  into  view  it  is  drawn  inwards  by  a  curved 
blunt  retractor,  and  the  sheath  of  the  artery  having  been  opened,  the 
aneurysm  needle  is  passed  around  it  from  within  outwards.  To  do  this 
it  may  be  necessary  to  bring  the  arm  down  towards  the  side,  seeing  that 
the  vein  tends  to  overlie  and  conceal  the  artery  when  the  limb  is  at  right 
angles  to  the  trunk.  The  nerves  of  the  brachial  plexus,  which  lie  behind 
and  to  the  outer  side  of  the  artery,  can  scarcely  be  endangered  if  ordinary 
care  be  taken. 

The  collateral  circulation,  after  ligature  of  tne  first  stage  of  the  axillary 
artery,  is  the  same  as  that  which  comes  into  play  when  the  subclavian 
artery  is  ligatured  in  its  third  stage  (p.  230). 

Ligature  of  the  third  stage. — An  incision  is  made  through  the  integu- 
ment at  the  outer  part  of  the  armpit,  parallel  to  the  course  of  the  vessel, 
and  at  the  junction  of  the  anterior  and  middle  thirds  of  a  line  connecting 
the  anterior  with  the  posterior  axillary  fold.  In  order  to  get  the  direction 
of  the  artery  the  limb  is  placed  at  right  angles  with  the  trunk,  and  as  it 
lies  in  this  position  a  line  is  drawn  from  a  point  about  half  an  inch  inside 
the  centre  of  the  clavicle  to  the  centre  of  the  bend  of  the  elbow ; 
this  line  will  indicate  the  course  both  of  the  axillary  and  brachial 
arteries. 

When  the  superficial  tissues  have  been  divided,  the  coraco-brachialis 
muscle  should  be  exposed  and  drawn  outwards  together  with  the  musculo- 
cutaneous  nerve.  The  artery  will  be  found  in  the  bottom  of  the  wound, 
surrounded  by  the  large  brachial  nerves.  The  median  nerve  is  drawn 
outwards,  and  if  the  axillary  vein  comes  into  view,  it  is  drawn  inwards 
along  with  the  internal  cutaneous  nerve  ;  it  very  commonly  happens,  how- 
ever, that  the  venae  comites  of  the  brachial  artery  have  not  yet  been 
joined  at  this  level  by  the  basilic  vein  to  form  the  axillary  (fig.  71).  The 
best  site  probably  to  apply  the  ligature  is  between  the  origin  of  the 
subscapular  and  the  two  circumflex  arteries. 

The  collateral  circulation  will  be  carried  on  by  means  of  anastomoses 
between  the  branches  of  the  axillary  artery  and  those  of  the  thyroid  axis  ; 
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thus  the  suprascapular  and  the  acromio-thoracic  arteries  arising  above 
the  site  of  the  ligature  anastomose  with  the  posterior  circumflex  which 
is  given  off  below.  When  the  ligature  is  applied  above  the  point  of 
origin  of  the  subscapular  artery,  the  collateral  circulation  will  be  carried 
on  by  means  of  the  anastomoses  around  the  scapula  (p.  230). 

The  method  of  ligaturing  the  axillary  artery  which  is  associated 
with  the  name  of  Guthrie  is  that  in  which  an  incision  is  made  straight 
down  upon  the  artery  in  the  direction  of  its  long  axis,  through  the  entire 
thickness  of  the  anterior  wall  of  the  axilla.  It  affords  very  free  access  to 
the  vessel  in  any  part  of  its  extent,  but  inflicts  great  damage  upon  the 
pectoral  muscles. 

Abnormalities  of  the  Axillary  Artery. — (i)  Occasionally  the  artery 
bifurcates  before  passing  between  the  two  heads  of  the  median  nerve. 
One  branch  runs  superficially  in  front  of  the  median  nerve,  and  the 
other,  which  is  usually  the  larger,  descends  behind  the  nerve.  The 
superficial  or  smaller  of  the  two  vessels  corresponds,  as  a  rule,  to  the 
radial  artery.  (2)  The  axillary  artery  may  present  a  form  of  branching 
closely  resembling  that  of  the  femoral  artery  and  its  deep  or  profunda 
femoris  branch.  In  the  case  of  the  axillary  the  superficial  branch  repre- 
sents the  brachial  artery,  and  descends  in  front  of  the  median  nerve. 
The  deep  branch,  which  gives  off  usually  the  subscapular,  the  two 
circumflex,  and  the  superior  profunda  arteries,  passes  backwards  between 
the  two  heads  of  the  median  nerve  (Joessel).  In  such  a  case  one  would 
find  both  the  axillary  and  brachial  arteries  in  front  of  instead  of  behind 
the  median  nerve. 
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The  mammary  glands  form  an  accessory  portion  of  the  reproductive 
system  in  the  class  mammalia ;  they  are  situated  in  the  human  subject 
in  the  subcutaneous  tissue  which  overlies  the  anterior  aspect  of  the  chest, 
and  they  present  considerable  variability  in  size  and  structure,  depending 
upon  the  different  periods  of  life  and  functional  activity  subsisting  at  the 
time  of  examination. 

The  fully  formed  adult  female  breast  is  somewhat  hemispherical  in 
shape,  and  possesses  a  moderately  firm  consistency.  Its  rounded  contour, 
however,  is  most  evident  in  its  lower  segment  and  in  the  erect  attitude, 
as  the  weight  of  the  gland  causes  it  to  gravitate  to  the  most  dependent 
point.  In  the  supine  position  the  shape  of  the  breast  is  more  uniformly 
hemispherical.  Deviations  from  the  normal  shape  of  the  breast  are, 
however,  very  common.  In  females  whose  subcutaneous  tissue  is  loaded 
with  fat  the  breasts  are  often  large  and  pendulous,  but  in  those  of 
spare  build,  and  more  particularly  after  the  menopause,  the  breast 
becomes  quite  flaccid,  and  hangs  down  over  the  front  of  the  chest, 
separated  from  the  adjacent  portion  of  the  integument  by  a  deep 
groove.  Very  frequently,  too,  there  is  a  want  of  symmetry  between 
the  breasts,  the  left  being,  as  a  rule,  the  larger.  The  skin  which  overlies 
the  breast  is  thin,  smooth,  and  freely  movable.  Its  delicate  texture 
renders  the  superficial  veins  visible,  especially  when  these  are  enlarged 
during  the  period  of  lactation. 
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The  Nipple,  when  well  formed,  is  conical  in  shape,  is  directed  for- 
wards and  outwards,  and  springs  from  the  summit  of  the  breast.  Its 
free  extremity  is  slightly  fissured,  and  is  pierced  by  the  milk  ducts,  their 
orifices  being  sufficiently  large  to  admit  a  bristle.  Before  opening  upon 
the  surface  of  the  nipple,  however,  the  ducts  are  dilated,  especially  during 
the  period  of  lactation,  when  they  form  temporary  reservoirs  for  the 
milk.  In  multiparous  females  the  nipples  are  often  considerably 
elongated,  owing  to  the  mechanical  dragging  to  which  they  have  been 


FIG.  73. — The  female  breast. 

subjected,  but  in  nulliparae  their  degree  of  projection  is  often  slight; 
they  may,  in  fact,  exceed  little,  if  at  all,  the  level  of  the  surrounding  skin. 
It  has  been  asserted  that  such  a  maldevelopment  of  the  nipples  is 
capable  of  being  produced  by  the  pressure  of  tightly  fitting  corsets  ; 
when  it  exists  in  marked  degree,  it  may  render  it  impossible  for  the  infant 
to  suckle  the  breast.  The  skin  which  surrounds  the  nipple,  i.e.  the  areola, 
is  very  thin  and  dark  in  colour,  the  depth  of  the  tint  varying  with  the 
complexion  of  the  individual,  being  pink  in  those  who  are  fair,  but  more 
distinctly  pigmented  in  those  of  a  brunette  type.  It  becomes  darker 
also  during  the  earlier  months  of  pregnancy.  The  surface  of  the  areola  is 
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uneven,  sometimes  quite  nodular,  the  nodules  corresponding  to  collections 
of  sebaceous  glands  (Montgomery  s  glands)  beneath  the  skin  (fig.  73).  Its 
outline  is  approximately  circular,  and  its  diameter  measures,  on  an  average, 
from  one  to  one  and  a  half  inches.  The  skin  of  the  nipple  and  areola  is 
provided  with  a  certain  amount  of  unstriped  muscular  tissue,  which  can 
be  made  to  contract  reflexly  by  local  stimulation  ;  it  causes  the  nipple  to 
become  somewhat  harder  and  to  elongate  slightly,  and  is  obviously  in- 
tended to  facilitate  the  act  of  suckling. 

As  a  clear  conception  of  the  normal  anatomy  of  the  mammae  in  the 
adult  can  only  be  acquired  by  the  study  of  their  development,  the 
following  brief  account  deserves  the  attention  of  the  reader. 

DEVELOPMENT. — The  mammary  gland  is  of  cutaneous  or  epiblastic  origin.  In  the 
embryo  of  the  third  month,  epithelial  buds,  derived  from  a  localised  thickening  of  the  epiblast, 
grow  down  into  the  subjacent  mesoblastic  layer,  which  later  on  is  transformed  into  the  subcu- 
taneous tissue  and  the  fascial  investment  of  the  pectoralis  major  muscle.  In  some  mammals,  such 
as  the  sow,  bitch,  etc.,  an  epiblastic  ridge  appears  on  the  ventral  aspect  of  the  embryo,  extending 
on  each  side  from  the  region  of  the  axilla  to  the  groin  ;  it  is  known  as  the  mammary  or  inguino- 
axillary  line,  and  from  each  of  these  ridges  a  series  of  mammae  is  developed.  There  is  some 
doubt  as  to  whether  similar  epiblastic  ridges  are  present  in  the  human  embryo  ;  from  the  occa- 
sional presence  of  supernumerary  mammary  glands  or  nipples,  however,  their  existence  would 
appear  not  improbable. 

In  its  earlier  development  the  mamma  has  a  close  resemblance  to  a  sebaceous  gland,  in  that 
it  originates  in  a  series  of  ingrowing  epithelial  processes  or  buds,  from  each  of  which  a  lobe  of 
the  gland  subsequently  develops.  In  the  earlier  period  of  its  development  the  site  of  the  gland 
is  indicated  by  a  shallow  depression,  but  approaching  full  term  it  becomes  raised  slightly  above 
the  level  of  the  surrounding  integument,  the  most  prominent  part  of  the  projection  constituting 
the  rudimentary  nipple. 

In  the  infant  and  young  child  the  structure  of  the  mamma  departs  but  little  from  the 
infantile  form  ;  it  consists  almost  entirely  of  a  number  of  branching  ducts,  with  but  little  gland- 
ular tissue.  The  mesoblastic  tissue  which  separates  the  ducts  and  the  rudimentary  acini,  and 
surrounds  the  gland,  undergoes  a  certain  amount  of  condensation  in  the  course  of  development. 
The  periglandular  portion  is  connected  by  means  of  a  number  of  fibrous  septa  with  the  deep 
aspect  of  the  skin  (suspensory  ligaments  of  Sir  Astley  Cooper)  ;  it  is  also  connected,  but  in  a  very 
loose  manner,  with  the  underlying  pectoral  fascia. 

At  the  period  of  puberty  the  rudimentary  gland  buds  undergo  a  rapid  growth  and 
multiplication,  as  the  result  of  which  the  acini  and  gland  lobules  are  formed.  During  pregnancy 
there  is  a  very  marked  increase  in  the  development  of  gland  tissue  ;  the  interglandular  tissue 
diminishes,  the  gland  lobules  become  more  distinct  and  are  easily  dissected  out,  as  was  the  case 
in  the  specimen  represented  in  fig^.74  taken  from  a  female  subject  in  the  sixth  month  of 
pregnancy.  Corresponding  with  this  general  increase  in  its  proportions,  the  basal  portion  of  the 
gland  comes  into  much  closer  relationship  with  the  subjacent  muscles. 

The  Mammary  Gland  in  the  Adult  is  embedded  in  the  subcutaneous  fatty  tissue,  and  is 
somewhat  irregular  in  shape.  Its  main  part  or  body  is  pyramidal  ;  by  its  flat  basal  surface  it 
extends  from  the  second  to  the  sixth  rib,  and  is  related  to  the  fascia  overlying  the  pectoralis 
major  muscle  ;  in  addition  to  this  it  is  also  related  to  the  aponeurosis  of  the  rectus  abdominis  and 
to  the  external  oblique  muscle  below,  to  the  serratus  magnus  and  the  outer  margin  of  the  pectoralis 
minor  muscle  externally,  a  loose  layer  of  tissue  intervening  (retromammary  tissue).  Besides  this 
main  portion  of  the  gland,  straggling  offshoots  extend  from  it  into  the  adjoining  fatty  tissue,  in- 
wards close  to  the  margin  of  the  sternum,  upwards  and  outwards  into  the  axilla.  The  axillary 
process  of  the  gland  may  extend  as  far  upwards  as  the  upper  margin  of  the  third  rib,  coming  into 
close  relationship  with  the  anterior  or  pectoral  group  of  the  axillary  glands.  During  the  earlier 
stages  of  lactation  it  is  sometimes  recognisable  as  a  distinct  swelling,  and  possesses  considerable 
practical  importance.  Isolated  portions  of  gland  tissue  have  even  been  found  beneath  the  pectoral 
fascia,  in  direct  contact  with  the  fibres  of  the  pectoralis  major  muscle  (Heidenhain  and  Stiles). 
It  will  be  seen,  therefore,  that  tne  peripheral  limits  of  the  mammary  gland  are  very  irregular 
and  ill  defined,  and  that  they  circumscribe  a  wide  area,  which  by  no  means  corresponds  to  what 
one  is  accustomed  to  regard  as  the  circumferential  limit  of  '  the  breast '  ;  in  other  words,  if  an 
incision  be  made  circularly,  so  as  to  circumscribe  the  general  projection  of  the  breast,  it 
will  be  found  that  a  not  inconsiderable  amount  of  the  tissue  of  the  gland  will  be  situated  outside 
the  line  of  section. 

The  lobules  of  the  gland  are  surrounded  by  a  vascular  and  richly  cellular  connective  tissue 
(interglandular  tissue),  which  is  continuous  at  the  periphery  of  the  mamma  with  the  retro- 
mammary  and  supra-mammary  tissue.  This  latter,  as  already  noted  above,  is  connected  with  the 
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deep  aspect  of  the  skin  by  means  of  fibrous  septa,  which  were  designated  by  Sir  Astley  Cooper  the 
suspensory  ligaments  of  the  breast. 

The  Lymphatics  of  the  Breast.— Both  the  acini  and  the  ducts  of  the  gland  are  surrounded 
by  a  network  of  lymphatic  vessels  {peri-ductal  and peri-acinous  lymphatics'),  which  communicate 
freely  with  the  lymph  vessels  which  ramify  in  the  interglandular  tissue,  separating  the  gland 
lobules  (interlobar  lymphatics).  These  again  communicate  with  the  lymphatics  which  lie  in 
the  subcutaneous  tissue,  and  with  those  which  run  in  the  retromammary  tissue  and  traverse 
the  pectoral  fascia.  The  subcutaneous  or  supramammary  lymphatics  also  bring  the  vessels  of 
the  gland  into  free  communication  with  the  networks  in  the  skin,  the  '  suspensory  ligaments ' 
serving  as  conducting  paths  for  the  vessels  which  pass  to  and  fro.  Efferent  vessels  lead  away 
from  the  peripheral  margin  of  the  gland  to  the  axillary  glands,  the  majority  passing  to  the 
anterior  or  pectoral  group,  and  thence  to  the  central  and  the  deep  glands  which  are  arranged 
along  the  anterior  and  inner  aspects  of  the  axillary  vessels.  Some  of  the  efferent  vessels  from 
the  gland,  however,  pass  directly  to  this  deep  group  without  being  intercepted  on  the  way. 
Certain  of  the  lymphatics  from  the  inner  part  of  the  mamma  betake  themselves  to  the  anterior 
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FIG.  74. — Dissection  of  the  mammary  gland  and  axillary  outlet  in  a  subject  in  the  sixth  month 
of  pregnancy.  Note  that  the  basal  aspect  of  the  gland  is  related  to  the  pectoralis  major 
muscle  above,  to  the  serratus  magnus  externally,  to  the  origins  of  the  rectus  abdominis 
and  external  oblique  muscles  below.  The  nipple  has  been  retained  in  situ,  and  the  large 
milk  ducts  are  seen  entering  its  deep  aspect.  Observe  how  the  upper  and  outer  extremity 
of  the  gland  comes  into  close  proximity  with  the  axillary  space.  Some  lymphatic  glands 
and  fatty  tissue  conceal  the  large  vessels  and  nerves  ;  the  axillary  vein,  however,  is  seen  at 
the  outer  angle  of  the  space.  Compare  this  figure  with  No.  71.  This  dissection  is  instruc- 
tive in  connection  with  cancer  of  the  breast  and  its  surgical  treatment. 

mediastinal  glands  which  are  situated  alongside  the  internal  mammary  vessels  (fig.  62).  A  few 
of  the  lymphatics  which  leave  the  gland  pass  to  the  infraclavicular  group  which  is  situated  in 
the  pectoral  region,  between  the  deltoid  and  pectoralis  major  muscles,  and  alongside  the  termi- 
nation of  the  cephalic  vein.  The  lymphatic  systems  of  the  two  mammary  glands  appear  to 
communicate  by  means  of  certain  vessels  which  cross  the  middle  line. 

Examination  of  the  Breast. — The  free  mobility  of  the  normal 
mammary  gland  is  one  of  its  most  important  characteristics ;  the  facility, 
however,  with  which  it  slips  away  from  beneath  the  fingers  is  apt  to 
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render  the  detection  of  small  breast  tumours  somewhat  uncertain.  It 
is  for  this  reason  that  palpation  of  the  gland  is  most  easily  conducted 
with  the  individual  in  the  supine  position.  The  palm  of  the  hand  is 
applied  quite  flat  over  the  breast  and  the  main  part  of  the  gland  is 
compressed  against  the  resisting  chest  wall.  In  this  way  small  tumours 
of  a  cystic  or  solid  nature  will  be  less  likely  to  slip  aside  and  escape 
detection,  and  their  presence  will  probably  reveal  itself  by  their  firm 
consistency  and  their  projection  beyond  the  peripheral  limits  of  the 
gland  ;  it  will  be  possible  also  to  detect  any  marked  difference  in  the 
volume  of  the  two  breasts,  or  in  their  degree  of  sensitiveness. 

Advantage  is  sometimes  taken  of  the  mobility  of  the  breast  in  the 
removal  of  certain  tumours  of  a  benign  type.  The  method  of  operation 
devised  by  Thomas  consists  in  making  a  curved  incision  exactly  in  the 
groove  between  the  lower  segment  of  the  breast  and  the  chest  wall. 
The  tissues  having  been  divided  down  to  the  muscles,  the  breast  is 
turned  upwards  so  as  to  expose  its  deep  aspect  ;  this  is  incised,  the 
tumour  is  removed,  and  the  gland  subsequently  replaced,  the  cutaneous 
wound  being  closed  by  a  subcuticular  suture.  Except  when  the  incision 
is  very  extensive,  it  does  not  show  subsequently  in  the  ordinary  de- 
pendent position  of  the  breast. 

Cancer  of  the  Breast. — The  progress  of  this  disease  serves  to 
illustrate  many  points  of  interest  in  the  anatomy  of  the  mammary  gland. 
The  growth  may  have  its  origin  either  in  the  columnar  epithelium  of  the 
ducts  (duct  cancer}  or  in  the  glandular  epithelium  of  the  acini  (acinous 
cancer),  the  latter  being  much  the  commoner  variety.  If  the  reader  will 
bear  in  mind  the  normal  relationships  which  exist  between  the  inter- 
glandular  and  "periglandular  tissues,  and  the  connections  which  exist 
between  the  latter  and  the  skin,  on  the  one  hand,  and  the  pectoral  fascia 
on  the  other,  and  also  the  general  arrangement  of  the  lymphatic  vessels 
of  the  gland,  it  will  not  be  difficult  to  trace  the  various  paths  of  extension 
of  this  disease.  The  growth  usually  commences  within  the  substance  of 
the  gland  as  a  small  hard  "nodule,  which  tends  to  increase  in  size,  the 
increase  being  characterised  by  progressive  cancerous  infiltration  of  the 
surrounding  tissues.  An  important  feature  of  the  pathology  of  the 
growth  is  the  contractility  of  the  stroma  or  fibrous  connective  tissue 
which  surrounds  the  loculi  in  which  are  lodged  the  cancer  cells  (scirrhus 
cancer).  In  some  cases,  especially  those  of  a  chronic  type,  the  fibrous 
element  is  strongly  in  evidence,  the  growth  is  consequently  very  hard, 
and  there  is  much  puckering  and  distortion  of  the  surrounding  tissues 
(atrophic  cancer).  In  other  cases,  especially  those  of  more  rapid  growth, 
the  cellular  element  predominates,  and  owing  to  the  smaller  amount  of 
stroma  there  is  much  less  tendency  for  contraction  (medullary  cancer). 
Retraction  of  the  nipple,  which  is  a  frequent  phenomenon  of  the  disease, 
is  brought  about  by  cicatricial  changes  in  the  tissue  surrounding  the 
acini,  this  being  continuous  superficially  with  the  tissue  enveloping  the 
large  ducts  which  traverse  the  nipple  and  open  upon  its  summit. 

The  connection  established  between  the  periglandular  tissue  and  the 
skin  by  means  of  a  series  of  fibrous  tissue  bands — suspensory  ligaments 
— and  the  abundant  lymphatic  channels  by  which  these  are  traversed, 
explain  how  the  overlying  skin  is  so  frequently  implicated,  and  finally 
rendered  adherent.  When  pinched  it  cannot  be  raised  up  in  the  form  of 
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a  fold,  but  exhibits  a  number  of  dimples  or  depressions,  the  appearance 
of  which  has  been  very  appropriately  compared  to  the  rough  skin  of  an 
orange.  Involvement  of  the  skin  effected  in  this  way  takes  the  form 
either  of  a  number  of  small  isolated  nodules  or  of  a  diffuse  growth,  which, 
owing  to  its  tendency  to  spread  over  a  wide  superficial  area,  renders  the 
skin  hard  and  brawny,  and  gives  it  a  dusky  red  colour.  From  its  rigid 
unyielding  character  this  diffuse  form  of  skin  infiltration  has  received 
the  name  of  cancer  en  cuirasse.  By  extending  deeply,  the  growth  exceeds 
the  limits  of  the  gland  and  invades  the  retromammary  tissue  and  the 
pectoral  fascia,  this  stage  in  its  progress  being  indicated  by  the  loss  of 
the  normal  mobility  of  the  breast.  By  a  further  extension  in  this 
direction  the  disease  may  eventually  make  its  way  through  the  pectoral 
muscles  to  the  chest  wall,  and  even  to  the  pleura  and  lung. 

The  lymphatic  glands  are  usually  involved  (metastatic  deposits)  at  a 
comparatively  early  period.  Those  which  overlie  the  serratus  magnus, 
viz.,  the  anterior  or  pectoral  group  are  the  first,  as  a  rule,  to  show  evidences 
of  enlargement.  They  are  most  easily  recognised  by  applying  the  hand 
flat  against  the  chest  wall,  the  superficial  tissues  being  made  to  glide 
backwards  and  forwards  at  the  same  time.  Other  glandular  groups  in 
which  metastases  may  be  expected  are,  the  infraclavicular,  the  central, 
and  the  deep  or  external  group  which  surrounds  the  front  and  inner 
aspect  of  the  axillary  vein.  The  subscapular  group  is  not  uncommonly 
implicated  also  when  the  disease  has  existed  for  some  time.  At  a  later 
period  the  main  lymphatic  vessels  may  become  obstructed  to  such  an 
extent  as  to  lead  to  a  condition  of  lymphatic  cedema  of  the  limb.  Venous 
oedema  also,  from  compression  of  the  axillary  or  subclavian  veins  by 
masses  of  enlarged  glands,  is  by  no  means  rare. 

Pain  shooting  down  the  inner  and  posterior  aspect  of  the  arm  is 
sometimes  noted  early,  and  would  appear  to  have  its  origin  in  com- 
pression of  the  intercosto-humeral  nerve,  which,  as  already  noted,  is 
surrounded  by  the  central  group  of  glands.  In  the  later  stages  of  the 
disease  painful  symptoms  of  a  very  distressing  nature  are  indicative  of 
compression  of  the  large  nerves  of  the  brachial  plexus. 

The  lymphatic  glands  (anterior  mediastinal)  which  are  arranged 
around  the  internal  mammary  vessels  in  the  upper  four  intercostal 
spaces  (fig.  62)  are  liable  to  infection  when  the  primary  focus  of  the 
disease  is  situated  in  the  inner  quadrant  of  the  breast.  It  has  been 
asserted  also  that  cancer  may  spread  from  one  mammary  gland  to  the 
other  by  way  of  lymphatic  vessels  which  cross  the  middle  line. 

The  Operative  Treatment  of  Cancer  of  the  Breast  is  directed  nowa- 
days not  merely  to  the  removal  of  the  tangible  mass  of  the  disease  in 
the  mammary  gland  itself,  but  also  to  the  eradication  of  the  axillary 
glands,  irrespective  of  whether  they  are  enlarged  or  not.  Some  operators 
also  advocate  removal  of  the  supraclavicular  glands.  In  addition  to 
these  structures  it  is  considered  advisable  in  all  cases  to  remove  the 
pectoral  fascia  and  the  pectoral  muscles,  seeing  that  considerable 
numbers  of  lymphatic  vessels  from  the  breast  traverse  these  to  reach 
the  axilla.  The  axillary  vein  is  carefully  divested  of  all  its  envelop- 
ing tissue  from  the  clavicle  downwards.  The  skin  which  overlies  the 
breast  also  should  be  freely  excised,  especially  if  at  any  point  it  be  found 
adherent. 
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The  principal  blood-vessels  encountered  in  the  course  of  the  operation  are 
(i)  the  long  thoracic  or  external  mammary  artery,  which  follows  the  lower 
border  of  the  pectoralis  minor  muscle;  (2)  some  branches  of  the  pectoral 
division  of  the  acromio-thoracic  artery  ;  (3)  the  alar  thoracic  artery  ; 
(4)  lateral  branches  from  the  second,  third,  and  fourth  intercostal  arteries  : 
these  are  small  as  a  rule,  but  may  attain  a  considerable  size  when  the 
breast  is  the  seat  of  an  actively  growing  cancer  and  (5)  perforating  branches 
of  the  internal  mammary  artery  which  emerge  from  the  second,  third, 
and  fourth  spaces. 

The  operator  should  not  lose  sight  of  the  fact  that,  in  addition  to 
the  main  mass  of  the  gland,  irregular  processes  extend  away  into  the 
surrounding  tissues  from  its  peripheral  border.  It  is  essential  therefore  that 
the  area  included  in  the  operation  should  extend  from  the  sternal  margin 
outwards  to  the  centre  of  the  axilla.  There  is  not  much  doubt  that  many 
cases  of  supposed  lymphatic  gland  recurrence  have  been  due  in  reality 
to  the  continuation  of  the  growth  in  outstanding  processes  of  the  gland. 

In  the  removal  of  the  axillary  tissue,  care  should  be  taken  of  the  long 
subscapular  nerve  which  supplies  the  latissimus  dorsi  muscle  and  runs  in 
close  proximity  to  the  subscapular  vessels  and  io  the  subscapular  lym- 
phatic glands.  The  posterior  thoracic  nerve  (nerve  of  Bell}  should  also  be 
preserved  if  possible ;  it  descends  in  close  contact  with  the  outer  surface 
of  the  serratus  magnus  muscle,  which  it  supplies  (see  figs.  71  and  74). 

Inflammation  of  the  Breast,  or  Mastitis,  is  observed  with  greatest 
frequency  during  the  earlier  stages  of  lactation,  when  the  glandular 
tissue  is  highly  vascularised  and  attains  its  maximum  degree  of 
functional  activity.  The  usual  channels  by  which  infection  is  conveyed 
to  the  part  are  the  lymphatics  and  the  milk  ducts.  Acute  mastitis  has 
frequently  been  observed  to  succeed  a  fissure  or  abrasion  of  the  nipple, 
and  in  such  cases  it  would  appear  very  probable  that  the  infection 
spreads  deeply  from  this  superficial  breach  of  surface,  and  is  succeeded 
by  a  deep  suppurative  lymphangitis  within  the  gland  (intramammary 
abscess).  That  septic  infection  travels,  in  many  cases,  by  the  ducts  to  the 
deeper  portions  of  the  gland  can  scarcely  be  denied.  Duct  infection,  as 
a  cause  of  abscess,  is  observed  in  other  glandular  organs,  such  as  the 
parotid  gland,  the  liver  and  the  kidney.  It  is  probable  that  fermenta- 
tion and  decomposition  of  milk  in  the  cracks  and  crevices  of  the  nipple 
are  succeeded  by  similar  changes  in  one  or  more  of  the  large  ducts 
which  are  dilated  near  their  termination  in  the  form  of  reservoirs,  and  in 
which  the  milk  is  apt  to  stagnate.  The  frequency  with  which  the 
inflammatory  changes  are  confined  at  first  to  a  single  lobule  of  the  gland 
would  seem  to  indicate  that  the  infection  is  often  carried  by  the  ducts. 
And  again,  when  large  acute  mammary  abscesses  are  incised,  they  are 
not  uncommonly  found  to  contain  a  considerable  quantity  of  milk 
mingled  with  the  pus  (milk  abscess),  making  it  appear  as  if  the  collection 
had  been  primarily  confined  within  a  dilated  duct.  Inflammation,  when 
once  started  within  the  breast,  has  a  tendency  to  spread  from  one  lobule  to 
another,  along  the  interglandular  tissue,  the  abscess  meanwhile  tunnelling 
the  breast  in  various  directions,  and  leading  to  extensive  destruction  of 
the  gland  substance  and  the  formation  of  a  large  anfractuous  cavity. 

Suppuration  may  take  place  quite  outside  the  peripheral  limits  of  the 
gland,  either  in  the  overlying  tissues  (supramammary  abscess)  or  in  the 
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loose  connective-tissue  stratum  upon  which  the  gland  rests  (retro- 
mammary  abscess).  Both  of  these  varieties  of  abscess,  however,  ma}-  be 
secondary  to  intramammary  suppuration  by  extension  of  the  inflam- 
matory process  to  the  periglandular  tissue.  A  retromammary  abscess  is 
occasionally  found  to  have  originated  in  caries  of  one  of  the  subjacent  ribs. 

Owing  to  the  free  mobility  of  the  breast  it  is  essential  that  its  move- 
ments should  be  restrained  as  much  as  possible  in  the  course  of  all 
inflammatory  processes  either  within  it  or  in  its  immediate  vicinity. 
Neglect  of  this  precaution  is  very  apt  to  retard  resolution  or  prevent 
the  closure  of  the  abscess  cavity  when  its  contents  have  been  evacuated 
and  to  lead  to  the  establishment  of  troublesome  sinuses.  Another  rule 
to  be  observed  is  that  all  incisions  made  into  the  substance  of  the  breast 
should  be  arranged  in  lines  radiating  from  the  nipple,  in  order  that  the 
larger  ducts  which  converge  to  this  point  may  escape  injury. 

Congenital  Abnormalities. — Deviations  from  the  normal  mode  of 
development  of  the  mammary  glands,  an  account  of  which  is  given 
above,  are  occasionally  observed.  The  defect  may  assume  one  of  two 
forms,  viz.,  either  an  imperfection  in  the  developmental  process  or 
development  carried  to  excess. 

Imperfect  Development. — Absence  of  one  or  both  mammae  (amazia) 
is  exceedingly  rare,  and  when  it  does  occur  is  usually  associated  with 
defective  development  of  the  chest  wall.  Absence  of  one  mamma  has 
been  observed  in  connection  with  defective  development  of  the  pectoralis 
major  muscle.  Defective  development  or  absence  of  the  nipples  (athelid) 
is  another  form  of  defect,  and  may  exist  even  with  glands  of  normal 
development  The  ducts  in  such  cases  open  on  a  depression  at  the  site 
of  the  nipple,  i.e.  in  the  centre  of  the  areola.  Imperfect  development  of 
the  nipple  not  uncommonly  takes  the  form  of  excessive  shortness,  or  it 
may,  although  fairly  well  formed,  be  surrounded  by  a  deep  fossa, 
resembling  somewhat  in  appearance  one  of  the  circumvallate  papillae  of 
the  tongue.  Both  of  these  defects  are  calculated  to  render  the  suckling 
of  the  infant  impossible. 

Excessive  Development. — Supernumerary  mammae  (polymazid)  possess 
very  great  developmental  interest.  In  the  account  given  above  of  the 
early  condition  of  the  mamma  in  the  foetus  it  was  stated  that  in  certain 
mammalian  embryos  there  exists,  on  each  side  of  the  ventral  aspect  of 
the  middle  line,  a  distinct  epiblastic  ridge  which  extends  from  the 
axillary  region  to  the  groin  (inguino-axillary  line).  When  super- 
numerary mammae  exist  in  the  human  subject  their  position  appears,  as 
a  rule,  to  correspond  to  the  direction  of  these  lines,  the  most  common  site 
being  below  and  internal  to  the  gland,  between  it  and  the  umbilicus. 
However,  they  have  been  observed  also  in  the  axilla,  and  one  case  at 
least  has  been  recorded  in  which  four  well  developed  and  actively 
secreting  mammae  were  present,  the  two  extra  ones  being  situated  in  the 
axilla.  Supernumerary  mammae  are  very  commonly  imperfect,  the  nipple 
alone  being  present  (J>olythelia),  in  many  cases  in  a  rudimentary  state, 
and  closely  resembling  a  small  naevus  or  pigmentary  spot.  Occasionally 
a  supernumerary  gland  is  present  without  a  nipple.  In  so  far  as  the  sites 
occupied  by  those  supernumerary  mammae  coincide  with  the  embryonic 
mammary  ridges,  it  would  appear  as  if  their  presence  could  be  most 
readily  explained  on  the  theory  of  atavism,  i.e.  reversion  to  an  ancestral 
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type.  This  theory,  however,  finds  difficulty  in  acceptance  in  view  of  the 
fact  that  supernumerary  mammae  are  occasionally  observed  at  points 
quite  remote  from  the  inguino-axillary  lines,  viz.,  on  the  back,  over  the 
buttock,  on  the  external  aspect  of  the  thigh,  over  the  acromion,  and  even 
upon  the  face. 


THE  DELTOID  REGION  AND  THE  SHOULDER  JOINT. 

The  deltoid  muscle,  as  already  stated,  overlies  and  conceals  the  shoulder-joint,  consequently 
it  must  be  divided  close  to  its  origin  and  thrown  downwards  when  it  is  desired  to  bring  this 

Coraco-acromial  Ligament. 

Acromial  Branch  of  Acromio-thoracic  Art. 

Trapezoid  Ligament  (Coraco-clavicular). 

Coracoid  Process. 
Tendon  of  Subscapularis  M.  Clavi-pectoral  Fascia  (Costo-coracoid  Memb.). 

Acromion  Process. 

Subacromial  bursa. 
Intertubercular  bursa. 

Posterior  Circumflex  Art. 
Circumflex  Nerve. 


Cephalic  Vein.  •      : 

Tendon  of  Pect.  Major.     ; 

Anterior  Circumflex  Art. 


j    Clavicular  Portion  of  Pectoral  is 

Major  M. 
External  Anterior  Thoracic  Nerve. 


_Pectoralis  Minor  M. 
Coraco-brachialis  and  Biceps  Muscles. 


FIG.  75. — Dissection  of  the  deltoid  region — viewed  from  the  front.  The  deltoid  muscle  has  been 
divided  close  to  its  origin  and  turned  downwards,  and  the  principal  structures  in  relation 
to  its  deep  aspect  have  been  exposed — see  Dissection  of  Deltoid  Region  in  the  text. 

articulation  into  view.  Such  a  dissection  is  represented  in  fig.  75  in  which  the  reader  will 
note  the  greater  number  of  the  structures  about  to  be  enumerated.  Between  the  muscle 
and  the  upper  part  of  the  humeral  shaft  there  is  usually  a  quantity  of  loose  fatty  tissue,  and 
one  or  more  bursal  cavities,  the  presence  of  which  is  explained  by  the  incessant  movements 
which  take  place  between  the  muscle  and  the  bone. 
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The  parts  beneath  the  deltoid  deserving  of  note  are  :  ( i )  The  coracoid  process,  into  the 
inner  border  of  which  the  pectoralis  minor  is  inserted,  and  from  the  apex  of  which  the  short  head 
of  the  biceps  and  the  coraco-brachialis  muscle  take  origin.  Its  connection  with  the  costo- 
coracoid  membrane  or  clavi-pectoral  fascia  have  been  noted,  as  have  also  the  ligaments — coraco- 
claviailar — which  pass  between  it  and  the  under  aspect  of  the  clavicle.  (2)  The  coraco-acromial 
ligament,  a  flat  ligamentous  band,  triangular  in  outline,  which  stretches  from  the  outer  border 
of  the  coracoid  to  the  acromion  process,  and  helps  to  complete  the  coraco-acromial  arch  (fig.  76). 
(3)  The  capsule  of  the  shoulder-joint,  with  which  the  short  scapular  muscles,  supra-  and  infra- 
spinatus  and  teres  minor  are  intimately  connected.  (4)  The  subacromial  bursa,  interposed 
between  the  deep  aspect  of  the  coraco-acromial  arch  and  the  tendons  of  the  capsular  muscles. 
An  aperture  leading  into  this  bursa  is  seen  in  fig.  75.  (5)  The  long  tendon  of  the  biceps 
muscle,  descending  in  the  bicipital  groove.  (6)  The  tendons  of  the  pectoralis  major,  latissimus 
dorsi  and  teres  major  muscles  which  are  inserted  into  the  margins  and  floor  of  the  groove.  (7) 
The  anterior  and  posterior  circumflex  vessels,  with  the  circumflex  nerve.  (8)  The  acromial 
branch  of  the  acromio-thoracic  artery.  (9)  The  upper  part  of  the  shaft  of  the  humerus  and  its 
two  tuberosities. 

THE  SHOULDER-JOINT.— In  this  joint,  which  is  of  the  ball  and  socket  variety,  the 
head  of  the  humerus  articulates  with  the  glenoid  fossa  of  the  scapula. 

The  articular  surface  presented  by  the  scapula  is  pyriform  in  outline,  its  narrow  extremity 
being  directed  upwards  ;  it  is  made  up  of  the  shallow  glenoid  fossa,  which  is  coated  by  hyaline 
cartilage  and  surrounded  by  the  glenoid  ligament.  The  humeral  articular  surface  is  approximately 
hemispherical  in  shape  ;  it  also  is  coated  by  hyaline  cartilage,  and  is  very  large  in  comparison 
with  that  of  the  scapula  ;  only  a  small  part  of  it,  however,  rests  in  contact  with  the  glenoid 
surface  at  any  one  time. 

In  a  recent  specimen  it  will  be  observed  that  the  coraco-acromial  arch,  which  consists  of  the 
coracoid  and  acromion  processes  connected  by  the  coraco-acromial  ligament,  overhangs  the 
articulation,  and  constitutes  an  essential  part  of  its  architecture.  The  subacromial  bursa  is 
situated  beneath  this  arch  and  separates  it  from  the  capsule  and  the  tendons  of  the  capsular 
muscles.  The  opposing  surfaces  resemble  in  many  respects  those  of  a  diarthrodial  joint,  the 
bursa  having  the  appearance  of  an  articular  synovial  cavity. 

The  Capsular  Ligament. — Before  this  ligament  is  fully  exposed  it  is  necessary  to  dissect 
away  the  short  muscles  which  pass  from  the  scapula  to  the  humeral  tuberosities,  viz.,  the  supra-  and 
infraspinatus  and  the  teres  minor,  the  tendons  of  which  fuse  with  the  capsule  and  are  closely 
incorporated  with  it.  The  subscapularis  muscle  differs  from  these  in  being  separated  from  the 
capsule  by  the  large  subscapular  bursa,  and  at  this  level  also  the  capsule  usually  presents  a 
deficiency  of  variable  extent,  through  which  the  synovial  membrane  of  the  joint  protrudes  in  the 
form  of  a  small  pouch. 

When  fully  divested  of  the  muscles  just  mentioned  the  capsule  appears  lax,  and  the  articu- 
lar surfaces  of  the  bones  fall  away  from  each  other.  It  is  attached  above  or  internally  to  the 
bony  rim  of  the  glenoid  fossa  and  to  the  glenoid  ligament  of  the  scapula  ;  below  or  externally 
it  is  attached  around  the  head  of  the  humerus.  The  line  of  humeral  attachment  in  front  and  ex- 
ternally coincides  with  the  anatomical  neck  ;  behind  and  internally,  however,  the  line  of  attach- 
ment recedes  from  the  anatomical  neck,  and  runs  some  little  distance  from  the  articular  surface. 

The  capsule  is  not  quite  uniform  in  thickness,  but  is  strengthened  at  certain  points  by 
accessory  ligamentous  bands. 

Accessory  Ligaments. — (i)  The  coraco- humeral  ligament  is  a  flattened  band  which  extends 
from  the  root  and  outer  border  of  the  coracoid  process  downwards  and  outwards  to  the  great 
tuberosity  of  the  humerus.  When  traced  backwards  it  fuses  directly  with  the  capsule,  but  in 
front  it  terminates  in  a  free  border,  which  is  separated  from  the  capsule  by  a  narrow  interval. 

Little  can  be  seen  of  the  remaining  accessory  ligaments  from  the  exterior  of  the  capsule  ; 
they  project,  however,  towards  the  joint  cavity  on  its  upper  and  anterior  aspect,  and  are  known 
as  the  gleno-humeral  ligaments.  (2)  The  superior  gleno- humeral  ligament  extends  from  the 
upper  part  of  the  glenoid  fossa  at  the  root  of  the  coracoid  process,  outwards  to  the  lesser 
tuberosity  of  the  humerus  close  to  the  bicipital  groove ;  it  is  situated  at  the  inner  side  of  the 
biceps  tendon,  and  helps  to  form  a  groove  for  its  reception.  (3)  The  middle  gleno-humeral 
ligament  extends  from  the  upper  and  anterior  part  of  the  glenoid  margin  to  the  inner  aspect  ot 
the  lesser  tuberosity  of  the  humerus.  It  forms  the  lower  limit  of  the  aperture  in  the  capsule, 
which  is  overlaid  by  the  subscapularis  muscle.  (4)  The  inferior  gleno-humeral  ligament  extends 
from  the  middle  of  the  anterior  margin  of  the  glenoid  fossa  to  the  lower  part  of  the  neck  of  the 
humerus.  (5)  In  addition  to  the  capsule,  some  ligamentous  fibres  extend  across  the  upper 
part  of  the  bicipital  groove,  and  convert  it  into  a  canal ;  they  constitute  the  transverse  humeral 
ligament. 

The  long  tendon  of  the  biceps  is  in  reality  an  important  accessory  ligament  of  the  joint. 
It  is  attached  above  to  a  small  depression  at  the  upper  part  of  the  glenoid  fossa  and  to  the  glenoid 
ligament,  and  crosses  the  head  of  the  humerus  a  little  to  the  inner  side  of  its  summit ;  it  is 
invested  by  a  fold  of  the  synovial  membrane  and  carries  a  tubular  prolongation  of  this  latter  into 
the  bicipital  groove  (intertubercular  bursa),  which  ends  blindly  opposite  the  insertion  of  the 
pectoralis  major  muscle. 
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The  Glenoid  Ligament  is  formed  by  a  ring  of  fibro-cartilage,  prismatic  on  cross  section, 
which  is  attached  to  the  periphery  of  the  glenoid  fossa.  It  is  reinforced  above  by  the  biceps 
tendon,  and  deepens  the  articular  socket  for  the  head  of  the  humerus. 

The  stability  of  the  Shoulder-joint  depends  mainly  upon  the 
following: — (i)  The  short  scapular  muscles.  The  intimate  relationship 
which  exists  between  these  and  the  capsule  has  been  already  noted.  They 
are  mainly  instrumental  in  maintaining  the  articular  surfaces  in  contact, 
for  when  they  are  removed,  the  head  of  the  humerus  falls  away  from  the 
glenoid  fossa.  (2)  The  coraco-acromial  arch.  This  presents,  on  its 
under  aspect,  a  smooth  concave  surface,  with  which  the  tendons  of  the 
capsular  muscles  are  in  contact — the  subacromial  bursa  intervening — 
and  against  which  they  play  in  the  various  shoulder  movements.  The 
security  provided  by  this  arch  makes  up  to  a  large  extent  for  the  want 
of  adaptability  between  the  articular  surfaces.  Its  most  obvious  function 
is  to  support  the  head  of  the  humerus  and  prevent  its  upward  displace- 
ment, but  it  also  prevents  displacement  of  the  latter,  either  forwards  or 
backwards,  seeing  that  its  extremities  (coracoid  and  acromion  processes) 
•descend  lower  than  the  summit  of  the  head  of  the  humerus.  (3)  The 
long  tendon  of  the  biceps,  which  crosses  the  head  of  the  humerus  a  little 
inside  its  centre,  acts  as  a  powerful  brace  in  steadying  it  in  the  various 
movements  of  the  limb;  it  also  tends  to  prevent  any  sudden  impact 
between  the  humerus  and  the  coraco-acromial  arch.  Slipping  away  of 
the  tendon  from  its  normal  line  of  contact  with  the  humerus  is  probably 
prevented  by  the  superior  gleno-humeral  ligament  which  lies  along  its 
inner  side.  (4)  The  atmospheric  pressure.  No  actual  joint  cavity  exists 
during  life  ;  the  cavity  is  of  the  potential  variety.  Folds  of  the  synovial 
membrane  and  of  the  capsule  fill  up  all  the  inequalities  between  the 
articular  surfaces.  The  most  pronounced  of  these  folds  is  found  at  the 
lower  part  of  the  capsule  as  the  arm  hangs  by  the  side  ;  when  it  is  raised, 
however,  the  articular  surface  of  the  humerus  descends  and  obliterates 
the  fold.  If  the  capsule  be  perforated  and  air  be  allowed  to  enter,  the 
potential  is  converted  into  an  actual  cavity,  and  the  laxity  of  the  capsule 
allows  the  articular  surfaces  to  fall  widely  apart 

Movement  at  the  Shoulder-joint  is  very  free,  and  in  this  respect 
one  will  observe  in  this  articulation  a  remarkable  adaptability  of  structure 
to  function,  as  freedom  of  movement  is  one  of  the  most  important 
requirements  of  the  upper  limb.  There  are  six  principal  varieties  of 
movement  possible,  viz.,  flexion,  extension,  adduction,  abduction,  circum- 
duction,  and  rotation.  In  the  movement  of  flexion,  the  arm,  from  its  state 
of  rest  beside  the  trunk,  is  capable  of  being  moved  forwards  through  the 
arc  of  half  a  circle,  i.e.  until  it  is  directed  vertically  upwards.  Extension 
has  a  more  limited  range ;  it  is  restrained  by  the  anterior  part  of  the 
capsule  and  by  the  contact  of  the  head  of  the  humerus  with  the  coracoid 
process.  The  movements  of  flexion  and  extension  of  the  arm,  however, 
are  to  a  large  extent  the  outcome  of  the  mobility  of  the  scapula,  which 
•executes  a  sort  of  rotatory  movement  on  an  imaginary  axis  passing 
through  its  centre  ;  thus,  when  the  arm  is  flexed,  the  superior  angle  of 
the  scapula  moves  backwards  and  its  inferior  angle  forwards,  while 
movements  of  a  reverse  nature  take  place  with  extension.  The  lax 
acromio-clavicular  ligaments  favour  these  movements ;  they  are  restrained, 
however,  by  the  coraco-clavicular  ligaments.  Adduction  of  the  upper 
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limb  is  prevented  by  the  direct  contact  of  the  latter  with  the  side. 
Adduction  forwards  and  inwards  is  possible  to  a  certain  extent,  but  is 
limited  by  the  chest  wall.  The  movement  of  abduction  is  free,  and,  like 
the  movement  of  flexion,  enjoys  a  range  of  half  a  circle,  its  limit  being" 
reached  when  the  limb  is  held  vertically  over  the  head  and  parallel  to 
the  long  axis  of  the  trunk  ;  it  is  limited  by  contact  of  the  humerus  with 
the  acromion,  and  by  the  tension  of  the  lower  part  of  the  capsule,  against 
which  the  articular  surface  of  the  humerus  is  brought  into  forcible 
contact.  The  movement  of  circumduction  is  favoured  by  the  shallow- 
ness  of  the  glenoid  socket  and  by  the  large  articular  surface  of  the 
humerus.  In  this  respect  the  shoulder  contrasts  forcibly  with  the  hip- 
joint,  in  which  circumduction  is  limited.  Rotatory  movements  also  take 
place  at  the  shoulder-joint,  but  they  have  a  limited  range. 

Dislocations. — Notwithstanding  the  various  factors  just  mentioned 
as  contributing  to  the  security  of  the  shoulder-joint,  there  is  no  articula- 
tion in  the  body  so  commonly  the  seat  of  dislocation.  The  following 
circumstances  appear  to  be  largely  responsible  for  its  occurrence:  (i) 
the  frequency  with  which  the  joint  is  exposed  to  injury  through  falls 
upon  the  outstretched  hand,  the  elbow,  or  point  of  the  shoulder,  the 
effect  of  such  forms  of  violence  being  to  thrust  the  head  of  the  humerus 
forcibly  against  the  capsule — its  anterior  part  usually  ;  (2)  the  shallowness 
of  the  glenoid  fossa  and  its  small  size  in  comparison  to  the  large  hemi- 
spherical head  of  the  humerus  ;  (3)  the  muscular  character  of  the  joint.  So 
long  as  the  capsular  muscles  are  well  braced  up  they  afford  considerable 
security  to  the  articulation,  but  in  the  event  of  the  joint  being  subjected 
to  violence  when  these  muscles  are  off  their  guard,  a  dislocation  is  much 
more  readily  effected.  There  is  little  doubt  also  that  were  it  not  for  the 
great  freedom  of  movement  of  the  scapula,  dislocation  at  the  shoulder- 
joint  would  be  of  much  more  frequent  occurrence.  There  are  three 
directions  in  which  the  head  of  the  humerus  may  be  dislocated:  (l) 
forwards  and  inwards  ;  (2)  backwards  ;  (3)  downwards. 

Dislocation  forwards  and  inwards. — This  is  by  far  the  most 
frequent  variety.  The  head  of  the  humerus  is  thrust  through  the 
anterior  or  inner  part  of  the  capsule,  beneath  the  subscapularis  muscle. 
This  part  of  the  capsule,  in  addition  to  being  rather  weak,  presents 
usually  a  small  aperture,  through  which  the  synovial  membrane  com- 
municates with  the  bursa  beneath  the  subscapularis  muscle.  As  the 
humerus  leaves  the  glenoid  socket  it  is  obliged  to  descend  somewhat 
in  order  to  pass  beneath  the  coracoid  process.  Should  the  displace- 
ment cease  at  this  point,  the  dislocation  is  said  to  be  subcoracoid ' ; 
the  posterior  part  of  the  anatomical  neck  of  the  humerus  rests  in 
contact  with  the  anterior  margin  of  the  glenoid  cavity,  and  its  articular 
extremity  is  directly  beneath  the  coracoid  process.  More  frequently, 
however,  the  head  of  the  humerus  is  carried  further  inwards,  and  lies 
for  the  most  part  to  the  inner  side  of  the  coracoid  process,  the  anatomical 
neck  still  resting  against  the  glenoid  rim  as  in  the  last  case,  but  there  is 
a  greater  degree  of  inward  rotation  of  the  humerus.  This  is  the  most 
common  dislocation  at  the  shoulder.  In  consequence  of  the  relative 
position  of  the  head  of  the  humerus  to  the  coracoid  process,  this  dislocation 
of  the  shoulder  was  termed  intracoracoid  by  Malgaigne.  A  good  repre- 
sentation of  an  old  unreduced  intracoracoid  dislocation  is  seen  in  fig.  76. 
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Amongst  other  things  it  shows  a  marked  degree  of  deflection  of  the 
biceps  tendon  downwards  and  inwards  from  its  normal  course.  The 
glenoid  fossa  was  occupied  by  a  mass  of  fibrous  tissue,  and  a  new  socket 
had  been  formed  upon  the  inner  aspect  of  the  neck  of  the  scapula.  The 
subscapularis  muscle  in  these  dislocations  is  either  greatly  stretched  over 
the  head  of  the  humerus  or  extensively  lacerated.  The  remaining  short 
scapular  muscles  are  greatly  stretched  also ;  they  may  be  torn,  or,  as 
sometimes  happens,  the  great  tuberosity  of  the  humerus  to  which  they 
are  attached  may  become  detached  from  the  shaft. 


FIG.  76. — Old  unreduced  intracoracoid  dislocation  of  the  humerus.  Note  that  the  head  of  the 
bone  lies  for  the  most  part  to  the  inner  side  of  the  coracoid  process,  and  that  the  long 
tendon  of  the  biceps  muscle  has  deviated  inwards  with  it.  Observe  also  the  coraco- 
acromial  arch  overhanging  the  glenoid  cavity.  This  figure  has  been  drawn  from  a  specimen 
in  the  Surgical  Museum,  Trinity  College. 

A  further  degree  of  inward  displacement  is  occasionally  though 
rarely  observed.  The  head  of  the  humerus  is  carried  more  completely 
into  the  axilla  and  upwards  towards  the  clavicle,  into  the  interval 
between  the  pectoral  muscles  and  the  serratus  magnus.  It  has  even 
been  known  to  come  forwards  between  the  pectoralis  major  and  the 
deltoid,  and  to  project  underneath  the  skin.  This  so-called  sub- 
clavicular  dislocation  is  usually  associated  with  extensive  tearing  of 
the  capsule  and  of  the  capsular  muscles. 

In  all  three  dislocations  just  described  (subcoracoid,  intracoracoid, 
and  subclavicular)  the  external  configuration  of  the  shoulder  under- 
goes a  very  marked  alteration,  its  rounded  contour  disappears,  the 
deltoid  muscle  is  no  longer  moulded  over  the  great  tuberosity  of  the 
humerus,  but  drops  perpendicularly  from  the  acromion  and  appears 
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quite  flattened.  The  long  axis  of  the  humerus  also  is  altered ;  it  is 
directed  upwards  and  inwards  to  the  inner  aspect  of  the  glenoid  cavity, 
and  its  upper  extremity  causes  the  anterior  wall  of  the  axilla  to 
project  and  obliterate  the  infraclavicular  fossa.  The  shoulder  on  that 
side  gives  a  vertical  circumferential  measurement  considerably  in  excess 
of  that  of  the  sound  limb  (Callender).  The  range  of  movement  upon 
the  affected  side  is  limited,  and  in  consequence  of  this  fact  a  useful  test 
for  dislocation  may  sometimes  be  employed  in  doubtful  cases.  The 
individual  is  requested  to  place  the  palm  of  the  hand  of  the  injured  limb 
upon  the  opposite  shoulder,  the  elbow  being  applied  meanwhile  to  the 
side  of  the  chest.  Inability  to  do  this  is  a  valuable  diagnostic  sign  in 
favour  of  dislocation  (Dugas).  As  a  rule,  however,  the  diagnosis  of  a 
dislocated  shoulder  is  easy,  and  can  often  be  made  by  inspection  alone. 

The  displaced  head  of  the  humerus  may  compress  the  axillary  vessels, 
and  lead  to  gangrene  or  an  cedematous  condition  of  the  limb.  In  old 
unreduced  dislocations  the  axillary  artery  may  become  adherent  to  the 
fibrous  tissue  immediately  investing  the  humerus,  and  this  would  entail 
great  risk  of  the  vessel  being  torn  or  otherwise  injured  in  subsequent 
attempts  at  reduction. 

Pressure  upon  the  nerves  of  the  brachial  plexus  is  apt  to  occasion 
severe  pain  throughout  the  limb  and  shooting  into  the  fingers ;  the 
circumflex  nerve  is  especially  liable  to  suffer,  owing  to  its  close  proximity 
to  the  neck  of  the  bone. 

Dislocation  downwards. — In  this  dislocation  the  head  of  the  humerus 
makes  its  way  through  the  capsule  below  the  subscapularis  muscle  and 
in  front  of  the  triceps  tendon,  and  comes  to  rest  below  and  to  the  inner 
side  of  the  glenoid  fossa ;  it  has  consequently  been  termed  subglenoid 
dislocation.  The  mode  of  production  of  this  injury  has  been  explained 
in  the  following  manner :  When  a  person  falls  on  the  inside  of  the  elbow 
while  the  arm  is  abducted,  the  upper  extremity  represents  a  lever  of  the 
third  order,  of  which  the  fulcrum  is  at  the  point  of  contact  of  the  elbow 
with  the  ground  and  the  power  at  the  folds  of  the  axilla ;  the  attach- 
ment of  these  muscles  at  right  angles  to  the  lever  and  at  a  considerable 
distance  from  the  fulcrum  enables  them  to  act  at  a  great  mechanical 
advantage,  and  their  sudden  contraction  makes  the  upper  end  of  the 
humerus  to  become  the  movable  extremity  of  the  lever  and  presses  it 
against  the  capsule,  which  gives  way  between  the  triceps  and  subscapu- 
laris muscles. 

Dislocation  backwards. — In  this  dislocation  the  head  of  the  humerus 
bursts  through  the  posterior  part  of  the  capsule  and  passes  beneath  the 
posterior  pillar  of  the  coraco-acromial  arch.  It  may  remain  beneath  this 
(subacromial  dislocation),  or  may  travel  further  backwards  and  take  up 
its  position  in  the  infraspinous  fossa,  below  the  spine  of  the  scapula  and 
beneath  the  infraspinatus  and  deltoid  muscles  (subspinous  dislocation}, 
where  it  causes  a  distinct  and  characteristic  projection. 

Effusions  into  the  Cavity  of  the  Shoulder-joint  distend  the  capsule 
and  cause  an  abnormal  fulness  of  the  deltoid  region.  Fluctuation  may 
possibly  be  elicited  by  applying  one  hand  quite  flat  against  the  posterior 
margin  of  the  deltoid  muscle  and  the  other  hand  in  front.  Should  an 
articular  abscess  tend  to  make  its  way  to  the  surface,  it  will  probably 
find  exit  from  the  joint  by  following  the  biceps  tendon  and  the  synovial 
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sheath  by  which  it  is  surrounded  within  the  bicipital  groove  (inter- 
tubercular  bursa),  and  point  opposite  the  lower  border  of  the  pectoralis 
major  tendon,  or  still  lower  down  upon  the  inner  aspect  of  the  limb. 
Another  direction  which  may  be  taken  by  the  abscess  is  inwards,  beneath 
the  subscapularis  muscle  into  the  axilla.  The  best  form  of  incision  to 
employ  in  reaching  the  cavity  of  the  joint  has  been  already  described 
with  the  account  of  the  topography  of  the  shoulder,  p.  237.  An  abscess 
originating  in  the  loose  tissue  beneath  the  deltoid  may  possibly  be 
confounded  with  one  within  the  joint ;  such  an  abscess  has  been  known 
to  have  had  its  origin  in  the  subacromial  bursa,  subsequently  ulcerating 
through  the  wall  of  the  bursa  and  becoming  diffused  throughout  the 
subdeltoid  tissue. 

Excision  of  the  Shoulder. — The  joint  is  reached  by  means  of  a 
straight  incision  about  four  inches  in  length,  which  commences  below  the 
tip  of  the  coracoid  process  and  traverses  the  superficial  tissues  and  the 
anterior  fasciculi  of  the  deltoid  muscle.  This  incision,  owing  to  its 
close  proximity  to  the  anterior  border  of  the  muscle,  inflicts  but  little 
damage  upon  its  substance,  does  not  interfere  with  its  nervous  supply, 
and  consequently  does  not  tend  to  impair  its  action  as  an  elevator  of  the 
limb.  The  groove  between  the  pectoralis  major  and  the  deltoid  muscles 
is  to  be  avoided,  as  it  contains  the  cephalic  vein.  The  edges  of  the 
wound  being  held  apart,  a  vertical  incision  is  made  through  the  capsule 
into  the  joint,  outside  and  parallel  to  the  long  tendon  of  the  biceps,  which 
is  easily  identified  as  it  descends  in  the  bicipital  groove.  The  external 
rotator  muscles — supra-  and  infraspinatus  and  teres  minor — are  now 
detached  subperiosteally  from  the  great  tuberosity,  the  biceps  tendon  is 
displaced  out  of  its  groove  and  drawn  inwards,  the  subscapularis  tendon 
being  at  the  same  time  detached  subperiosteally  from  the  lesser 
tuberosity.  The  next  step  consists  in  removing  the  upper  extremity 
of  the  humerus,  the  exact  line  of  bone  section  depending  upon  the 
exigencies  of  the  case.  The  most  favourable  site  as  regards  the  after 
use  of  the  limb  is  the  '  anatomical  neck' ;  frequently,  however,  the  section 
traverses  the  tuberosities,  and  occasionally  it  is  placed  at  the  level  of  the 
'  surgical  neck.'  This  last  section  is  attended  by  serious  consequences,  as 
it  entails  the  loss  of  the  fulcrum  action  of  the  humerus  against  the 
glenoid  cavity  and  loss  of  power  in  elevating  the  limb,  but  as  the  biceps, 
coraco-brachialis,  pectoralis  major,  latissimus  dorsi,  and  teres  major 
muscles  are  preserved,  the  limb  retains  its  power  of  performing  under- 
handed movements.  Rotatory  power  is  to  a  large  extent  lost  owing  to 
detachment  of  the  muscles  which  are  inserted  into  the  tuberosities  of  the 
humerus.  Subperiosteal  resection  undoubtedly  gives  the  best  functional 
results,  but  it  cannot  be  employed  when  the  excision  is  performed  for 
new  growths,  especially  sarcomata  which  involve  the  upper  end  of  the 
humerus. 

Amputation  through  the  Shoulder-joint. — The  operation  by  means 
of  a  racket-shaped  incision  which  is  associated  with  the  name  of  Spence 
is  probably  the  best  and  is  carried  out  as  follows.  While  the  arm  is 
moderately  abducted  and  rotated  outwards,  an  incision  is  made  directly 
down  upon  the  head  of  the  humerus,  commencing  immediately  below 
and  to  the  outer  side  of  the  tip  of  the  coracoid  process,  passing  down- 
wards between  the  anterior  fibres  of  the  deltoid  and  through  the  tendon 
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of  the  pectoralis  major  muscle.  From  the  lower  border  of  this  latter 
the  incision  curves  outwards  horizontally  across  the  limb,  through  the 
superficial  tissues  and  the  lower  part  of  the  deltoid,  to  meet  the  posterior 
axillary  fold.  A  second  incision  is  now  made,  commencing  at  the  lower 
extremity  of  the  vertical  limb  of  the  first,  and  is  carried  horizontally 
around  the  inner  aspect  of  the  limb,  but  through  the  superficial  tissues 
only,  and  joins  the  horizontal  portion  of  the  first  incision.  The  outer  or 
deltoid  flap,  containing  the  posterior  circumflex  vessels  and  the  circum- 
flex nerve,  is  now  raised  from  contact  with  the  humerus;  the  tendons  of 
the  short  capsular  muscles,  the  biceps  tendon,  and  the  capsule  are  divided 
and  the  head  of  the  humerus  disarticulated.  While  the  limb  is  held 
away  from  the  side,  the  remaining  muscular  attachments  on  the  posterior 
aspect  of  the  limb  are  divided,  viz.,  the  latissimus  dorsi,  teres  major,  long 
and  external  heads  of  the  triceps,  the  edge  of  the  knife  being  kept, 
throughout  this  stage  of  the  procedure,  in  close  contact  with  the  surgical 
neck  of  the  humerus,  so  as  to  avoid  wounding  the  posterior  circumflex 
artery.  The  final  section  is  transverse  in  direction  and  traverses  the 
cephalic  vein,  the  humeral  branch  of  the  acromio-thoracic  artery,  some 
fibres  of  the  deltoid  muscle,  the  biceps  and  coraco-brachialis  muscles, 
and  the  axillary  vessels  and  nerves. 

If  it  be  desired,  the  axillary  vessels  may  be  secured  and  tied  between 
ligatures  before  the  tissues  at  the  inner  side  of  the  limb  are  divided. 

The  principal  advantages  which  may  be  claimed  for  this  operation 
are  the  following: — (i)  the  first  or  vertical  incision  enables  the  operator 
to  examine  the  upper  extremity  of  the  humerus  and  the  condition  of  the 
joint,  and  to  decide  definitely  between  amputation  and  excision ;  (2)  the 
posterior  circumflex  artery,  with  the  exception  of  its  smaller  terminal 
branches,  is  retained  in  the  deltoid  flap ;  (3)  disarticulation  of  the 
humerus  is  readily  effected ;  and  (4)  it  leaves  a  well-shaped  stump. 


THE  ARM. 

Topography  and  Superficial  Anatomy. — The  external  configuration 
of  the  arm  depends  largely  upon  the  age  and  sex  of  the  individual.  In 
children  and  in  females  it  is  usually  cylindrical,  owing  to  the  feeble 
development  of  the  muscles  and  the  large  amount  of  subcutaneous  fat, 
but  in  adult  males  it  is  flattened  from  side  to  side,  in  consequence  of  its 
muscles  being  grouped  mainly  in  front  and  behind.  It  displays  a  vary- 
ing degree  of  fulness  in  front,  which  is  most  evident  at  its  middle,  corre- 
sponding to  the  fleshy  belly  of  the  biceps  muscle.  When  the  latter  is 
thrown  into  action  by  forcibly  flexing  the  elbow,  the  fulness  becomes 
greatly  accentuated,  its  upward  slope  is  lost  beneath  the  anterior  margin 
of  the  deltoid,  and  below  the  centre  of  the  arm  it  narrows  rather 
abruptly  into  a  rounded  tendon,  which  dips  backwards  into  the  triangular 
space  in  front  of  the  elbow — antecubital  fossa.  The  outer  border  of  the 
tendon  is  the  more  distinct ;  the  inner  is  somewhat  obscured  by  the 
bicipital  fascia  which  connects  it  to  the  deep  fascia  of  the  forearm.  The 
fulness  at  the  back  of  the  arm  is  most  marked  also  at  its  centre,  and  is 
caused  by  the  fleshy  mass  of  the  triceps  muscle,  but  below  this  the  surface 
of  the  limb  presents  a  flattened  appearance,  corresponding  to  the  triceps 
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tendon.  The  inner  aspect  of  the  arm  is  marked  by  a  distinct  groove, 
the  internal  bicipital  sulcus ;  its  commencement  lies  in  front  of  the 
posterior  axillary  fold,  and  as  it  descends  it  follows  the  inner  aspect  of 
the  limb  as  far  as  its  lower  third,  at  which  level  it  inclines  obliquely 
forwards  and  terminates  at  the  centre  of  the  bend  of  the  elbow.  It 
separates  the  coraco-brachialis  and  biceps  muscles  in  front  from  the 
triceps  behind,  and  as  it  approaches  its  termination  it  marks  the  line  of 
separation  between  the  biceps  and  the  pronator  radii  teres.  This  sulcus 
indicates  the  direction  taken  by  the  basilic  vein,  and  constitutes  the 
superficial  guide  to  the  brachial  vessels.  The  external  bicipital  sulcus 
is  shorter  than  the  internal  and  is  less  distinct  ;  it  commences  at  the 
dimple  or  depression  at  the  middle  of  the  arm  which  overlies  the 
insertion  of  the  deltoid  muscle,  and  ends  in  front  of  the  bend  of  the 
elbow.  It  affords  a  superficial  indication  of  the  interval  between  the 
biceps  and  brachialis  anticus  muscles  in  front,  and  the  triceps  behind, 
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Internal  Condyle  of  Humerus. 
FIG.  77. — Inner  aspect  of  the  arm  and  the  front  of  the  forearm. 

while  at  its  lower  part  it  separates  the  supinator  longus  and  the  radial 
extensors  of  the  carpus  from  the  biceps.  The  cephalic  vein  ascends 
in  this  sulcus  to  its  upper  extremity,  and  then  follows  the  anterior 
border  of  the  deltoid  muscle. 

Surface  Markings. — The  course  of  the  brachial  artery  is  indicated 
by  a  line  drawn  along  the  inside  of  the  arm  from  a  point  immediately  in 
front  of  the  posterior  axillary  fold  to  the  centre  of  the  bend  of  the  elbow 
while  the  limb  is  held  at  right  angles  to  the  side  with  the  forearm  supine. 
The  course  of  the  median  nerve  will  be  indicated  by  the  same  line.  The 
pulsation  of  the  artery  is  often  quite  distinct  in  thin  or  wasted  arms,  and 
in  the  aged  it  may  be  observed  to  take  a  tortuous  course,  which  is  indica- 
tive of  atheromatous  changes.  The  ulnar  nerve  follows  the  line  of  the  artery 
in  the  upper  third  of  the  arm  ;  beyond  this  its  further  course  will  be 
represented  by  a  line  directed  downwards  and  backwards  to  the  posterior 
aspect  of  the  internal  condyle  of  the  humerus.  The  musculo-spiral  nerve 
follows  the  line  of  the  artery  for  a  short  distance  beyond  the  posterior 
axillary  fold  ;  its  continuation  downwards  will  be  indicated  by  a  line  de- 
scending obliquely  outwards  across  the  posterior  aspect  of  the  arm  to  the 
external  bicipital  sulcus,  about  one  inch  below  the  deltoid  insertion,  from 
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which  point  it  follows  this  sulcus  to  its  bifurcation  in  front  of  the  external 
condyle  of  the  humerus.  The  depression  on  the  outer  side  of  the  limb 
which  marks  the  insertion  of  the  deltoid  is  a  valuable  landmark ;  it  is 
opposite  the  insertion  of  the  coraco-brachialis  muscle  to  the  inner  border 
of  the  humerus ;  it  also  indicates  the  level  at  which  the  principal  nutrient 
artery  enters  its  foramen,  and  at  which  the  musculo-spiral  nerve  crosses 
the  posterior  aspect  of  the  bone. 

The  skin  on  the  front  and  inside  of  the  arm  is  smooth,  thin,  very 
mobile,  and  retracts  greatly  when  cut ;  that  which  covers  its  outer  and 
posterior  aspects  is  thicker,  more  adherent,  and  of  a  much  coarser 
texture. 

A  brief  consideration  of  the  surface  guides  just  given  will  render  it 
quite  obvious  why  deep  incisions  should  be  avoided  in  the  course  of  the 
internal  bicipital  sulcus,  at  the  posterior  aspect  of  the  arm  just  below  the 
deltoid  insertion,  along  the  lower  part  of  the  external  bicipital  sulcus,  and 
at  the  back  of  the  inner  condyle  of  the  humerus. 

The  Subcutaneous  Stratum  of  the  arm  contains  a  variable  amount  of  fatty  tissue,  and  is 
directly  continuous  with  that  of  the  adjoining  regions  of  the  axilla,  deltoid  region,  and  forearm. 
Consequently,  diffuse  forms  of  inflammation  have  little  difficulty  in  spreading  from  one  to  the 
other.  Within  the  subcutaneous  tissue  are  found  (i)  the  basilic  vein  in  the  lower  and  inner  part 
of  the  arm  ;  (2)  the  cephalic  vein  upon  its  outer  aspect ;  (3)  the  superficial  set  of  lymphatic  vessels 
and  the  supracondyloid  lymphatic  gland,  the  usual  site  of  the  latter  being  about  two  inches  above 
the  bend  of  the  elbow,  and  immediately  behind  the  internal  bicipital  sulcus ;  (4)  the  superficial 
nerves,  viz.,  the  intercosto-humeral,  lesser  internal  cutaneous,  internal  cutaneous  branch  of  the 
musculo-spiral,  and  some  branches  of  the  internal  cutaneous  nerve  upon  the  inside  of  the  arm ;  the 
upper  and  lower  external  cutaneous  branches  of  the  musculo-spiral  nerve  upon  its  outer  side  ; 
(5)  numerous  minute  arterial  twigs. 

The  Deep  Fascia  forms  a  continuous  investment  for  the  arm,  encasing  its  muscles.  Like 
the  subcutaneous  tissue,  it  is  directly  continuous  with  the  deep  fascia  of  the  forearm,  shoulder 
region,  and  axilla.  It  is  weak  in  front,  but  increases  in  strength  behind,  especially  where  it 
overlies  the  lower  part  of  the  triceps.  Along  the  outer  and  inner  borders  of  the  arm  it  is  con- 
nected with  the  supracondyloid  ridges  of  the  humerus  by  membranous  processes,  known  as  the 
internal  and  external  intermuscular  septa.  These  septa  subdivide  the  arm  into  two  osteo-fascial 
compartments.  The  anterior  compartment  contains  the  biceps,  coraco-brachialis,  and  brachialis 
anticus  muscles,  the  brachial  artery  and  its  venae  comites,  the  basilic  vein,  the  median,  internal 
cutaneous,  and  musculo-cutaneous  nerves.  The  posterior  contains  the  triceps  muscle.  Certain 
structures  are  common  to  both  compartments,  viz.,  the  musculo-spiral  nerve  and  the  superior 
profunda  artery,  the  ulnar  nerve,  the  inferior  profunda  artery,  and  the  anastomotica  magna  artery. 

The  Humerus. — The  humerus  is  classified  amongst  the  long  bones, 
and  consists  of  two  articular  extremities  and  a  shaft.  The  upper 
extremity,  which  includes  the  head  and  the  two  tuberosities,  has  been 
already  noted  in  connection  with  the  anatomy  of  the  shoulder-joint  and 
the  topography  of  this  region  ;  it  is  pierced  by  numerous  large  vascular 
foramina,  and  in  structure  presents  a  fairly  open  form  of  cancellous 
tissue.  The  faint  groove  which  immediately  surrounds  the  articular 
margin  is  known  as  the  anatomical  neck,  to  distinguish  it  from  the  smooth, 
cylindrical,  and  somewhat  constricted  portion  of  the  shaft  which  inter- 
venes between  the  tuberosities  and  the  insertions  of  the  axillary  muscles 
— pectoralis  major,  latissimus  dorsi,  and  teres  major — and  which  is  known 
as  the  surgical  neck.  Below  its  centre  the  shaft  of  the  bone  is  prismatic, 
and  still  further  down,  as  it  approaches  the  lower  articular  extremity,  it 
becomes  flattened  from  before  backwards,  and  curved  slightly  forwards. 
The  lateral  margins  of  this  part  of  the  bone  are  strong,  especially  the 
outer  ;  they  form  stout  supporting  columns,  and  are  continued  below 
directly  into  the  condyles  ;  hence  their  name,  supracondyloid  ridges.  The 
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external  ridge  gives  attachment  to  the  external  intermuscular  septum  of 
the  arm,  and  marks  the  line  of  separation  between  the  triceps  behind,  the 
supinator  longus  and  extensor  carpi  radialis  longior  muscles  in  front. 
The  internal  ridge  gives  attachment  to  the  internal  intermuscular  septum, 
and  separates  the  triceps  behind  from  the  brachialis  anticus  and  biceps 
muscles  in  front.  The  shaft  of  the  humerus  consists  of  a  central 
medullary  canal,  surrounded  by  a  thick  and  dense  layer  of  compact  tissue. 
Near  the  centre  of  its  inner  border  it  presents  the  aperture  of  the 
principal  nutrient  canal,  which  is  directed  downwards  and  has  a  course 
of  about  two  inches  within  the  bone  before  opening  into  the  medullary 
cavity;  not  infrequently  the  nutrient  foramen  is  placed  posteriorly  in 
the  musculo-spiral  groove.  The  rough  elevation  at  the  centre  of  the  outer 
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FIG.  78. — Transverse  section  through  tlie  middle  of  the  arm.  Drawn  from  a  mounted  specimen 
in  the  Anatomical  Department,  Trinity  College,  Dublin.  Note  how  the  section  is  flattened 
from  side  to  side,  in  consequence  of  the  grouping  of  the  muscles  in  front  and  behind 
the  humerus.  The  two  osteo-aponeurotic  compartments  are  well  defined,  their  boundaries 
consisting  of  the  deep  fascia,  the  intermuscular  septa,  and  the  humerus.  Observe  that 
the  brachial  vessels  are  overlapped  by  the  biceps  muscle,  and  that  the  musculo-spiral  nerve 
lies  in  immediate  contact  with  the  shaft  of  the  humerus  behind. 

aspect  of  the  shaft  indicates  the  insertion  of  the  deltoid  muscle  ;  its  posi- 
tion in  the  living  is  easily  recognised  by  a  dimple  or  depression  which 
limits  the  contour  of  the  deltoid  region  inferiorly,  and  marks  the  upper 
extremity  of  the  external  bicipital  sulcus.  The  posterior  surface  of  the 
shaft  is  marked  by  a  shallow  groove,  which,  commencing  above  and 
internally,  descends  with  an  oblique  direction  downwards  and  outwards, 
curving  round  the  bone  until  it  reaches  its  outer  border  about  an  inch 
below  the  deltoid  eminence ;  it  is  called  the  musculo-spiral  groove,  as  it 
is  traversed  by  the  nerve  of  the  same  name.  Its  course  and  direction 
are  explained  by  a  certain  degree  of  twisting  of  the  lower  segment  of  the 
shaft  of  the  bone  upon  its  longitudinal  axis. 

It  is  of  importance  to  note  the  mutual  relationships  which  exist  be- 
tween the  upper  and  lower  extremities  of  the  humerus.     The  tip  of  the 
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external  condyle  lies  in  the  same  straight  line  with  the  great  tuberosity 
above  and  also  with  the  acromial  angle ;  the  tip  of  the  inner  condyle 
has  the  same  direction  as  the  centre  of  the  upper  articular  extremity. 
In  certain  cases  of  fracture  of  the  humeral  shaft  there  is  a  tendency  to 
rotatory  displacement  of  the  lower  fragment  upon  the  upper,  and  unless 
proper  precautions  be  taken  to  maintain  the  normal  bony  relationships 
just  mentioned,  union  may  take  place  with  considerable  deformity. 

The  Relations  of  the  Humerus. — In  Front: — The  u^per  or  deltoid  segment  oi the  humerus 
is  overlaid  by  the  corresponding  muscle,  beneath  which  it  is  invested  by  the  loose  subdeltoid  tissue, 
and  is  related  in  addition  to  the  anterior  and  posterior  circumflex  vessels  and  the  circumflex 
nerve,  the  biceps  and  coraco-brachialis  muscles,  the  tendons  of  insertion  of  the  pectoralis  major, 
latissimus  dorsi,  and  teres  major  (fig.  75).  In  its  lower  or  subdeltoid  segment  the  shaft  of  the 
humerus  is  covered  by  the  brachialis  anticus,  which  in  turn  is  overlaid  by  the  biceps  muscle,  the 
brachial  vessels  and  median  nerve  internally,  the  musculo-cutaneous  and  musculo-spiral  nerves 
externally.  Behind  : — The  upper  segment  of  the  bone  is  overlaid  by  the  deltoid,  but  beneath 
this  its  more  immediate  relationships  consist  of  the  long  and  external  heads  of  the  triceps  muscle. 
It  is  crossed  horizontally  at  the  level  of  the  surgical  neck  by  the  posterior  circumflex  vessels  and 
the  circumflex  nerve.  Lower  down  it  is  crossed  by  the  musculo-spiral  nerve  and  the  superior 
profunda  artery,  as  they  wind  around  the  musculo-spiral  groove.  The  remainder  of  this  aspect 
of  the  humerus  is  closely  invested  by  the  triceps  muscle.  Immediately  above  the  olecranon  fossa, 
at  the  lower  articular  extremity,  there  is  an  arterial  arch  or  network  formed  by  branches  of 
the  anastomotica  magna,  superior  profunda,  and  interosseous  recurrent  arteries.  The  groove 
on  the  posterior  aspect  of  the  inner  condyle  lodges  the  ulnar  nerve  and  the  inferior  profunda 
artery. 

Internally  : — The  inner  border  of  the  shaft  of  the  humerus  is  related  above  to  the  brachial 
vessels,  the  median,  ulnar,  internal  cutaneous  and  musculo-spiral  nerves;  lower  down,  at  its  middle, 
it  furnishes  insertion  for  the  coraco-brachialis  muscle,  and  from  this  downwards  it  gives  attach- 
ment to  the  internal  intermuscular  septum,  which  is  pierced  by  the  ulnar  nerve  and  the  inferior 
profunda  artery.  Externally  : — The  shaft  is  overlapped  above  by  the  deltoid  muscle,  and  is 
crossed  by  the  posterior  circumflex  vessels  and  the  circumflex  nerve.  Lower  down  it  gives  attach- 
ment to  the  deltoid  muscle,  and  a  little  below  its  centre  it  is  crossed  by  the  musculo-spiral  nerve 
and  the  superior  profunda  artery.  In  the  remainder  of  its  extent  it  gives  attachment  to  the  external 
intermuscular  septum. 

The  Muscles  attached  to  the  Humerus  may  be  conveniently  classified  for  practical 
purposes  as  follows  : — (i)  Capsular :  Supraspinatus,  infraspinatus,  teres  minor,  and  subscapularis. 
(2)  Axillary:  Pectoralis  major,  latissimus  dorsi,  and  teres  major.  (3)  Suspensory:  Deltoid, 
biceps  and  coraco-brachialis.  (4)  Antero-posterior :  Brachialis  anticus  and  triceps. 

The  relationships  which  exist  between  the  humerus  and  the  muscles 
just  enumerated  present  certain  important  points  of  contrast,  according 
as  they  are  examined  above  or  below  the  deltoid  insertion.  Above  this 
point  a  considerable  area  of  the  bone  is  devoid  of  muscular  attachment, 
and  owing  to  this  circumstance  the  muscles  surrounding  the  humerus,  viz., 
the  deltoid,  biceps,  coraco-brachialis,  and  the  long  head  of  the  triceps, 
are  loosely  connected  with  their  surroundings  and  retract  very  freely 
when  divided.  Below  the  deltoid  insertion  the  bone  is  more  closely  in- 
vested by  muscle  tissue,  viz.,  the  triceps  behind  and  the  brachialis 
anticus  in  front.  When  these  muscles  are  divided,  excessive  retraction 
is  prevented  by  their  bony  attachments ;  the  biceps,  however,  has  no 
point  of  direct  attachment  to  the  humerus,  with  the  exception  of  the 
fibrous  expansion  which  binds  its  tendon  down  within  the  bicipital 
groove ;  it  merely  overlies  the  humerus,  and  is  loosely  connected  with 
its  sheath,  consequently  when  divided  its  margins  become  separated  by 
a  wide  interval. 

Fractures. — The  following  are  the  more  common  sites  for  fracture  of 
the  humerus,  and  it  will  be  observed  that  they  have  a  predilection  for  those 
parts  of  the  bone  which  are  the  least  securely  protected  by  muscles. 
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(i)  The  line  of  the  anatomical  neck.  (2)  The  surgical  neck.  (3)  Be- 
tween the  axillary  muscles  and  the  deltoid  insertion.  (4)  Immediately 
below  the  deltoid  insertion,  i.e.  the  centre  of  the  shaft.  (5)  The  supra- 
condyloid  region. 

Fracture  through  the  anatomical  neck  is  rare.  The  detached  head  of 
the  bone  may  be  driven  outwards  and  remain  impacted  in  the  cancellous 
tissue  of  the  great  tuberosity,  or  it  may  cause  this  portion  of  the  bone  to 
become  completely  detached  from  the  shaft. 

Fracture  tlirough  the  surgical  neck  is  a  fairly  common  lesion,  and,  like 
the  preceding,  may  be  followed  by  impaction,  but  of  a  reversed  type,  the 
lower  fragment  in  this  case  usually  penetrating  the  upper.  The  more 
usual  displacement  noted  in  the  non-impacted  fracture  is  a  lateral  one  ; 
the  upper  fragment  either  remains  stationary  or  is  drawn  outwards  by  the 
muscles  attached  to  the  great  tuberosity  (external  rotators) ;  the  lower 
fragment  is  drawn  inwards  by  the  axillary  muscles,  and  possibly  also 
upwards  by  the  biceps  and  triceps. 

When  the  line  of  fracture  is  placed  between  the  axillary  and  deltoid 
muscles,  the  typical  displacement,  so  far  as  the  muscles  are  concerned, 
is  that  in  which  the  lower  end  of  the  upper  fragment  is  drawn  inwards 
by  the  axillary  muscles,  and  the  upper  extremity  of  the  lower  fragment 
outwards  and  upwards  by  the  deltoid,  biceps,  coraco-brachialis,  and 
triceps.  These  two  fractures  of  the  upper  segment  of  the  humeral  shaft 
are  usually  followed  by  a  considerable  amount  of  haemorrhage  throughout 
the  subdeltoid  tissue;  the  extravasation  may  even  render  the  deltoid 
muscle  unduly  prominent,  and  cause  extensive  swelling  of  the  upper  part 
of  the  arm  and  ecchymosis  of  the  skin,  which  extends  to  the  axilla,  and 
possibly  to  the  side  of  the  chest.  The  form  of  treatment  best  adapted  to 
these  fractures,  in  which  the  displacement  of  the  broken  ends  is  usually 
in  a  lateral  direction,  consists  of  a  padded  splint  on  the  inner  aspect  of 
the  arm,  extending  well  up  into  the  axilla,  and  a  moulded  poroplastic, 
leather  or  gutta-percha  splint  which  is  carefully  adapted  to  its  outer 
aspect,  capping  the  shoulder  above  and  terminating  below  at  the 
elbow. 

Fracture  below  the  deltoid  insertion^  i.e.  at  the  centre  of  the  shaft  of  the 
humerus,  is  rather  common.  The  tendency  for  the  muscles  to  cause  dis- 
placement is  not  so  evident  here  as  with  the  fractures  just  described  ; 
the  deltoid,  however,  does  occasionally  give  some  trouble  in  tilting  the 
lower  extremity  of  the  upper  fragment  outwards.  On  the  whole,  there 
is  not  much  doubt  that  the  most  potent  factor  in  determining  displace- 
ment in  cases  of  fracture  of  the  shaft  of  the  humerus  is  not  the  action  of 
the  muscles  so  much  as  the  force  which  causes  the  fracture  (Malgaigne) ; 
it  is  also  favoured  to  a  great  extent  by  obliquity  in  the  direction  of  the 
fracture. 

Fracture  of  the  humerus  near  its  lower  articular  end  (supracondyloid) 
is  usually  directed  transversely  to  the  long  axis  of  the  shaft,  but  never- 
theless its  plane  as  a  rule  is  somewhat  oblique,  the  direction  of  the 
obliquity  being  very  commonly  from  above  and  behind,  downwards  and 
forwards.  The  resulting  displacement  is  usually  in  the  antero-posterior 
direction,  the  upper  fragment  projecting  forwards  above  the  level  of  the 
crease  of  the  elbow,  the  lower  fragment  with  the  elbow  being  carried 
backwards  by  the  triceps  muscle. 
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Fracture  by  muscular  action  is  more  common  in  the  humerus  than  in 
any  other  bone  in  the  skeleton.  It  is  caused  in  the  majority  of  instances 
by  a  forcible  effort  in  throwing,  and  has  its  site  most  frequently  just 
below  the  deltoid  insertion.  It  would  appear  that  the  mechanism  by 
which  the  fracture  is  caused  is  much  the  same  as  when  a  rod  is  broken 
by  being  snapped  sharply  like  a  whip.  The  contraction  of  the  deltoid 
arrests  the  bone  suddenly,  and  the  impetus  acquired  by  the  lower  end  of 
the  humerus  causes  the  break  (Stimson). 

Failure  of  the  broken  fragments  to  unite  (pseudarthrosis)  has  been 
observed  more  frequently  in  the  humerus  than  elsewhere,  and  different 
theories  have  been  advanced  in  explanation  of  this  fact.  According  to 
Hamilton,  the  cause  lies  in  defective  immobilisation  of  the  fracture.  As 
the  elbow  is  at  the  same  time  maintained  in  a  state  of  rigidity,  any 
vertical  movement  of  the  hand  or  forearm  is  likely  to  produce  a  horizontal 


FlG.  79. — Epiphyses  of  the  humerus.  Note  that  the  upper  epiphysis  includes  both  the  head 
and  the  tuberosities,  and  that  the  upper  extremity  of  the  diaphysis  ends  in  a  cone,  which 
fits  into  a  corresponding  depression  in  the  epiphysis.  Note,  too,  that  the  lower  epiphysis 
consists  of  two  parts,  viz.,  the  internal  condyle  and  the  epiphysis  proper,  which  is  made  up 
of  the  trochlea,  the  capitellum,  and  the  outer  condyle.  A  narrow  band  of  ligamentous 
tissue  is  shown  connecting  the  two. 

movement  of  the  lower  fragment  of  the  humerus  upon  the  upper.  The 
interposition  of  pieces  of  muscle  tissue  between  the  fragments  is  probably 
an  important  determining  factor  also. 

As  a  rule,  fractures  of  the  humerus  are  not  attended  by  serious 
complications.  The  most  frequent  is  paralysis  of  the  extensor  muscles 
of  the  forearm  and  '  drop  wrist '  in  consequence  of  damage  inflicted  upon 
the  musculo-spiral  nerve,  its  close  proximity  to  the  bone  as  it  lies  in 
the  musculo-spiral  groove  rendering  it  very  prone  to  injury,  either 
immediately  at  the  time  of  the  injury  through  displacement  of  the 
fragments,  or  at  a  more  remote  period — two  to  three  weeks — through 
compression  by  the  ensheathing  callus  formed  at  the  seat  of  fracture. 
Injury  to  the  brachial  artery  is  rare ;  it  may  be  stretched  to  such  an 
extent  by  the  displaced  fragments  as  to  occlude  its  lumen,  or  it  may 
become  thrombosed  in  consequence  of  excessive  bruising  of  its  coats  ;  it 
has  even  been  perforated  by  a  sharp  fragment  of  bone. 
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Ossification  of  the  Humerus. — The  shaft  or  diaphysis  is  ossified  from  a  single  centre  which 
appears  between  the  sixth  and  eighth  weeks  of  foetal  life,  and  at  the  time  of  birth  the  shaft  is  the 
only  part  in  which  ossification  has  taken  place. 

The  upper  Extremity.  —  An  epiphysary  centre  appears  in  the  head  of  the  bone  in  the  course 
of  the  first  year  after  birth  ;  another  appears  in  the  great  tuberosity  during  the  second  or  third 
year,  and  both  of  these  subsequently  coalesce.  A  third  centre  for  the  lesser  tuberosity  appears  at 
the  end  of  the  third  year  ;  its  appearance  may  be  postponed,  however,  for  a  year  or  two  longer. 
By  the  seventh  year  these  three  centres  have  fused  to  form  the  upper  epiphysis  of  the  humerus 
(fig.  79),  which  unites  with  the  shaft  about  the  twenty-fifth  year.  The  upper  extremity  of  the  shaft 
terminates  in  a  cone,  which  is  very  feebly  marked  at  first,  but  increases  in  height  as  the  period 
approaches  for  its  fusion  with  the  epiphysis.  The  latter  is  concave  on  its  under  aspect  and  rests 
like  a  cap  upon  the  shaft.  The  epiphysary  line  is  somewhat  sinuous,  and  crosses  the  bone  trans- 
versely beneath  the  tuberosities. 

The  lower  Extremity. — An  epiphysary  centre  appears  in  the  capitellum  about  the  second  or 
third  year  after  birth  and  subsequently  extends  inwards  to  form  the  outer  half  of  the  trochlea.  The 
centre  for  the  remaining  portion  of  the  trochlea  appears  about  the  eleventh  or  twelfth  year.  The 
epiphysis  for  the  external  condyle  appears  during  the  twelfth  year  ;  it  coalesces  subsequently  with 
the  other  two  centres  and  forms  the  lower  epiphysis  of  the  humerus  which  joins  the  shaft  in  the 
sixteenth  or  seventeenth  year.  The  internal  condyle  has  a  separate  centre  which  appears  during 
the  fifth  year  ;  it  remains  separate  from  the  other  epiphysary  centres,  and  joins  the  shaft  during 
the  eighteenth  or  nineteenth  year. 

Separation  of  the  upper  Epiphysis  of  the  Humerus  is  usually  noted 
at  some  period  before  the  twenty-first  year.  The  typical  displacement 
which  takes  place  in  these  cases  is  that  in  which  the  upper  extremity  of 
the  diaphysis  is  carried  forwards  and  inwards,  so  that  it  forms  a  distinct 
projection  in  front  of  the  shoulder  about  one  and  a  half  inches  below  the 
coraco-acromial  arch.  The  nature  of  the  lesion  may  be  revealed,  amongst 
other  things,  by  the  convexity  and  relatively  smooth  contour  of  the 
projection.  Reduction  can  be  effected,  as  a  rule,  without  difficulty.  It 
has  been  stated  that  this  injury  may  be  followed  by  permanent  shortening 
of  the  limb  through  premature  ossification  taking  place  at  the  epiphysary 
line. 

The  blood  supply  of  the  long  bones  such  as  the  humerus  is  furnished 
by  a  great  number  of  small  vessels  which  ramify  in  the  periosteum,  in 
the  Haversian  canals  which  traverse  the  bone,  and  in  the  medullary  tissue. 
They  may  be  divided  into  three  systems  of  vessels  as  follows :  ( i )  The 
nutrient  artery  proper,  which  traverses  the  bone  very  obliquely,  and  in 
the  humerus  is  directed  downwards.  On  reaching  the  medullary  cavity 
it  divides  into  an  ascending  and  a  descending  branch,  both  of  which 
break  up  into  very  fine  capillary  vessels  in  the  medullary  tissue,  and  form 
anastomoses  with  the  vessels  in  the  deeper  layers  of  the  bone  and  with 
those  distributed  to  the  articular  extremities.  It  is  to  be  noted  also 
that  the  epiphysis  towards  which  the  nutrient  artery  is  directed  is 
the  first  to  unite  with  the  shaft.  (2)  Vessels  which  penetrate  the 
large  vascular  foramina  situated  at  the  extremities  of  the  bone.  In 
the  humerus  these  are  most  evident  at  its  upper  extremity  and  the 
vessels  which  they  contain  are  distributed  to  the  cancellous  tissue  of 
the  articular  ends.  (3)  The  periosteal  vessels.  The  periosteum  is  rich 
in  arterial  networks,  the  finer  branches  of  which  penetrate  the  Haversian 
canals,  carrying  with  them  prolongations  from  the  periosteal  tissue. 
Within  the  bone  the  Haversian  canals  have  a  longitudinal  arrange- 
ment and  communicate  freely.  The  vessels  contained  within  these 
canals  anastomose  not  only  with  each  other  but  with  those  also  which 
ramify  within  the  cancellous  extremities  and  throughout  the  medullary 
canal. 
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Inflammatory  Affections  of  Bone  have  their  origin  in  the  soft  tissues 
of  the  bone  :  (a)  the  periosteum — periostitis  \  (b)  the  tissue  of  the  Haversian 
canals  within  the  bone — osteitis ;  (c)  the  medulla,  red  or  yellow,  of  the 
bone — osteo-myehtis.  Periostitis  apart  from  inflammation  of  the  subjacent 
bone  is  a  pathological  impossibility,  seeing  that  prolongations  from 
the  deep  aspect  of  the  membrane  are  continued  into  the  Haversian 
canals.  It  would  accordingly  be  more  correct  to  describe  the  condition 
as  osteo-periostitis. 

The  function  of  the  periosteum  in  the  earlier  years  of  life  is  a  two- 
fold one  :  it  plays  an  important  part  in  the  growth  of  the  bone  and  it  is 
the  main  source  of  its  blood  supply.  In  the  adult,  under  normal  con- 
ditions, its  nutrient  function  alone  persists,  but  in  the  course  of  certain 
pathological  processes  it  becomes  manifest  that  the  bone-forming  power 
of  the  membrane  has  not  been  lost,  but  is  merely  in  abeyance.  This 
is  well  seen  in  the  union  of  fractures  and  in  the  course  of  various  forms 
of  periostitis.  In  that  very  acute  affection  of  the  long  bones  known  as 
infective  periostitis  (acute  necrosis),  the  whole  or  the  greater  part  of  the 
shaft  may  lose  its  vitality  and  become  necrotic.  The  periosteum  having 
severed  its  connection  with  the  bone  owing  to  diffuse  subperiosteal 
suppuration,  rapidly  forms  a  new  ensheathing  case  of  bone  (involucrum), 
which  has  gained  sufficient  strength  to  enable  the  limb  to  retain  its 
stability  by  the  time  the  original  shaft  has  become  detached  as  a 
sequestrum.  In  view  of  its  bone-forming  power,  the  periosteum  is 
preserved  in  certain  surgical  procedures,  such  as  the  subperiosteal 
resection  of  joints  or  of  portions  of  the  shafts  of  certain  bones.  In 
amputations,  also,  flaps  of  periosteum  are  very  commonly  raised,  and 
subsequently  applied  against  the  divided  end  of  the  bone  in  order  to 
close  the  medullary  cavity  and  prevent  septic  infection  reaching  it  in  the 
event  of  the  wound  being  contaminated.  Another  useful  object  gained 
by  a  periosteal  flap  is  that  it  prevents  the  end  of  the  bone  contracting 
adhesion  directly  to  the  scar. 

THE  BRACHIAL  ARTERY.— The  brachial  artery,  which  is  the  direct  continuation  of 
the  axillary,  extends  from  the  lower  border  of  the  teres  major  to  a  point  about  half  an  inch  beyond 
the  skin  crease  at  the  bend  of  the  elbow,  where  it  bifurcates  midway  between  the  two  condyles 
of  the  humerus  into  the  radial  and  ulnar  arteries.  At  first  it  is  situated  upon  the  inner  aspect 
of  the  limb,  but  as  it  descends  it  inclines  outwards  and  comes  to  lie  directly  in  front.  In  the 
greater  part  of  its  extent  it  is  quite  superficial,  but  immediately  before  its  termination  it  dips 
backwards  into  the  antecubital  fossa  beneath  the  bicipital  fascia,  and  between  the  supinator 
longus  and  the  pronator  radii  teres  muscles.  Its  relations  will  be  considered  to  advantage 
under  three  heads  :  (a)  to  muscles,  (b)  to  nerves,  (c)  to  veins. 

(1)  Relationships  to  muscles.— Externally,  it  is  related  to  the  coraco-brachialis  in  the 
upper  part  of  the  arm,  and  for  the  remainder  of  its  extent  to  the  biceps  ;  in  muscular  limbs  the 
latter  may  overlap  the  artery  (fig.  78).     Posteriorly,  it  is  related  from  above  downwards  to  the 
long  and  internal  heads  of  the  triceps,  the  insertion  of  the  coraco-brachialis,  and  the  brachialis 
anticus  muscle. 

(2)  Relationships  to  nerves.  — At  its  commencement  its  nerve  relationships  closely  corre- 
spond to  those  of  the  third  stage  of  the  axillary  artery,  i.e.  the  median  nerve  is  situated  in  front 
and  externally,  the  ulnar  and  internal  cutaneous  nerves  internally,  and  the  musculo-spiral  nerve 
behind. 

The  median  nerve  alone  remains  in  close  relationship  with  the  artery  throughout  its  entire 
course  ;  at  first  it  lies  externally  ;  at  the  middle  of  the  arm  it  crosses  over,  occasionally  under, 
the  artery,  and  descends  along  its  inner  side  to  the  elbow. 

The  ulnar  nerve  accompanies  the  artery  in  the  upper  third  of  the  arm  ;  below  this  it 
gradually  inclines  inwards,  pierces  the  internal  intermuscular  septum  in  company  with  the 
inferior  profunda  artery,  and  descends  within  the  substance  of  the  triceps  to  the  back  of  the  inner 
condyle  of  the  humerus  (fig.  83). 
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The  internal  cutaneous  nerve  also  lies  alongside  the  artery  in  the  upper  third  of  the  arm  ; 
below  this,  it  pierces  the  brachial  aponeurosis  and  divides  into  an  anterior  and  a  posterior 
branch  ;  some  filaments  of  the  former  cross  the  artery  at  the  bend  of  the  elbow  (fig.  82). 

The  musculo-spiral  nerve  lies  immediately  behind  the  artery  at  its  commencement  and 
separates  it  from  the  long  head  of  the  triceps.  It  quickly  recedes,  however,  in  a  backward 
direction,  and  inclines  outwards  behind  the  humerus  in  the  musculo-spiral  groove.  On  reaching 
the  outer  border  of  the  humerus  the  nerve  pierces  the  external  intermuscular  septum,  and  descends 
within  the  anterior  osteo-fascial  compartment  of  the  arm,  between  the  brachialis  anticus  and  the 
extensor  carpi  radialis  longior,  and  at  its  termination  in  front  of  the  external  condyle  of  the 
humerus  it  is  separated  from  the  brachial  artery  by  the  biceps  tendon  and  by  a  portion  of  the 
brachialis  anticus  muscle  (fig.  83). 

(3)  Relationships  to  Veins.  — The  artery  is  usually  accompanied  by  two  venae  comites,  the 
larger  of  which  lies  in  front  and  internally.  Numerous  connecting  branches  pass  between  these 
veins,  some  crossing  in  front,  others  behind  the  artery.  The  basilic  vein  in  the  lower  part  of  the 
arm  is  separated  from  the  artery  by  the  deep  fascia,  but  above  this  the  vein  lies  within  the  deep 
fascial  investment  of  the  arm,  and  forms  an  internal  relationship  of  the  artery.  In  front  of  the 
elbow  the  artery  is  crossed  obliquely  by  the  median  basilic  vein  (fig.  82) ;  the  two  vessels  are 
separated,  however,  by  the  bicipital  fascia. 

The  artery,  its  venae  comites,  and  the  median  nerve  are  surrounded  by  a  quantity  of  loose 
connective  tissue,  and  are  accompanied  by  the  deep  lymphatic  vessels  of  the  limb. 

Branches  of  the  Brachial  Artery. — (i)  The  superior  profunda  artery  arises  from  the 
posterior  and  inner  aspect  of  the  main  trunk,  from  one  to  two  inches  below  the  posterior  axillary 
fold.  It  quickly  passes  backwards  and  associates  itself  with  the  musculo-spiral  nerve,  which 
it  accompanies  within  the  musculo-spiral  groove,  and  to  the  front  of  the  external  condyle  of  the 
humerus,  where  it  anastomoses  with  the  radial  recurrent  artery.  The  following  branches  of  the 
superior  profunda  are  deserving  of  note : — (a)  an  ascending  branch  which  passes  upwards  in  the 
substance  of  the  triceps  muscle  to  anastomose  with  the  posterior  circumflex  artery  ;  (t>)  a  posterior 
or  articular  branch,  which  descends  within  the  triceps  and  in  the  posterior  osteo-fascial  compart- 
ment of  the  arm  to  the  back  of  the  external  condyle,  where  it  anastomoses  with  the  interosseous 
recurrent  artery,  and  in  addition  helps  to  complete  an  arterial  arch  above  the  olecranon  fossa  with 
the  anastomotica  magna  artery ;  (c)  the  principal  nutrient  artery  of  the  humerus  not  infrequently 
arises  from  the  superior  profunda  in  the  musculo-spiral  groove.  (2)  The  inferior  profunda  artery 
usually  arises  near  the  middle  of  the  arm  and  associates  itself  with  the  ulnar  nerve,  which  it 
accompanies  to  the  groove  on  the  back  of  the  internal  condyle,  where  it  anastomoses  with  the 
posterior  ulnar  recurrent  artery  and  with  a  branch  of  the  anastomotica  magna  artery.  It  sends 
also  a  small  twig  in  front  of  the  inner  condyle  to  anastomose  with  the  anterior  ulnar  recurrent 
artery.  (3)  The  anastomotica  magna  artery  is  given  off  by  the  brachial,  usually  about  two  inches 
above  its  bifurcation.  It  runs  inwards  behind  the  median  nerve,  across  the  brachialis  anticus 
muscle,  and  divides  into  two  branches,  an  anterior  and  a  posterior.  The  anterior  descends 
between  the  brachialis  anticus  and  the  pronator  radii  teres  and  anastomoses  in  front  of  the 
internal  condyle  with  the  anterior  ulnar  recurrent  and  with  a  small  branch  of  the  inferior 
profunda  artery ;  the  posterior  pierces  the  internal  intermuscular  septum  and  crosses  the  lower 
end  of  the  humerus  beneath  the  triceps  muscle  and  above  the  olecranon  fossa,  forming  an  arterial 
arch  through  its  anastomoses  with  the  interosseous  recurrent  and  superior  profunda  arteries. 
(4)  The  nutrient  branch  usually  comes  off  near  the  centre  of  the  arm.  Its  mode  of  distribution 
within  the  humerus  is  fully  described  above.  (5)  Muscular  branches  >  small  in  size,  are  given 
off  from  the  outer  aspect  of  the  artery  in  its  course  down  the  arm. 

Notwithstanding  its  superficial  course  and  the  slight  protection  it  re- 
ceives from  the  tissues  of  the  arm,  the  brachial  artery  is  seldom  wounded. 
This  circumstance  is  to  be  accounted  for,  no  doubt,  by  its  position  on 
the  inner  aspect  of  the  limb,  which  is  but  little  exposed  to  injury. 

In  the  upper  third  of  the  arm  the  artery  is  related  externally  to  the 
shaft  of  the  humerus  ;  consequently  it  is  most  effectively  controlled  at 
this  level  by  compressing  it  directly  outwards  against  the  bone.  As, 
however,  it  gradually  inclines  outwards  as  it  descends,  the  compressing 
force  should  be  directed  backwards  and  outwards  at  the  middle  of  the 
arm,  and  straight  backwards  at  the  bend  of  the  elbow,  immediately  to  the 
inner  side  of  the  biceps  tendon.  In  the  absence  of  an  anaesthetic,  it  will 
be  found  that  the  force  required  to  obliterate  the  lumen  of  the  vessel 
causes  considerable  discomfort,  if  not  actual  pain,  owing  to  the  median 
nerve,  which  lies  in  close  proximity  to  the  artery,  being  subjected  to 
pressure  at  the  same  time. 
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Abnormalities  are  fairly  common  in  connection  with  the  brachial 
artery,  being  present  in  from  twelve  to  fifteen  per  cent,  of  arms  examined. 
The  most  frequent  is  a  high  division  of  the  artery  at  some  point  within 
the  upper  third  of  the  arm.  The  two  vessels  given  off  at  this  level 
descend  parallel  to  each  other  to  the  bend  of  the  elbow,  one  following 
the  course  of  the  radial,  the  other  that  of  the  ulnar  artery.  One  of  the 
two  may  follow  the  course  of  the  ulnar  artery  in  the  forearm,  while 
the  other  divides  into  the  radial  and  common  interosseous  arteries. 
Occasionally  one  of  the  branches  arising  from  the  high  bifurcation 
divides  into  the  radial  and  ulnar  arteries,  the  other  taking  the  place 
of  the  common  interosseous  artery  and  dividing  into  an  anterior  and 
posterior  interosseous  branch.  The  brachial  artery  accompanied  by  the 
median  nerve  may  swerve  inwards  towards  the  internal  condyle  and 
pass  beneath  a  supracondyloid  process,  resembling  in  this  respect  the 
normal  mode  of  arrangement  of  the  vessel  in  certain  of  the  carnivora 
in  which  the  artery  runs  through  a  supracondyloid  foramen. 

Anastomoses. — The  main  fact  of  practical  interest  concerning  the 
larger  branches  of  the  brachial  artery  is  that  they  form  important 
anastomotic  channels,  connecting  the  brachial  trunk,  with  the  arteries 
of  the  forearm.  Around  the  elbow-joint  free  communications  are 
established  between  the  superior  profunda,  inferior  profunda,  and 
anastomotica  magna  arteries  coming  from  above,  with  the  anterior  and 
posterior  ulnar  recurrent,  radial  recurrent,  and  interosseous  recurrent 
arteries  coming  from  below.  It  is  by  means  of  these  vessels  that  the 
circulation  is  maintained  throughout  the  limb  when  the  brachial  artery 
is  ligatured  or  otherwise  obliterated  below  the  origin  of  its  superior 
profunda  branch.  Should  the  site  of  obliteration  be  above  the  latter, 
the  blood  current  in  the  vessels  of  the  limb  will  be  maintained  by  the 
anastomosis  between  the  circumflex  arteries  and  the  recurrent  or 
ascending  branches  of  the  superior  profunda. 

Ligature  of  the  Brachial  Artery  may  be  required  for  various  condi- 
tions, the  more  likely  being  arterio-venous  aneurysm  at  the  bend  of  the 
elbow,  wound  of  the  artery  itself,  or  of  its  main  branches  in  the  forearm, 
wrist,  or  palm  of  the  hand. 

1 I )  Ligature  of  the  artery  in  the  upper  third  of  the  arm. — During  the 
procedure  the  arm  is  held  out  from  the  side  and  is  unsupported  beneath, 
so  as  to  prevent  the  triceps  muscle  bulging  prominently  forwards.     An 
incision  about  two  and  a  half  inches  in  length  is  made  in  the  line  of  the 
artery,  through  the  superficial  tissues  and  the  deep  fascia ;  the  basilic  vein, 
if  seen,  is  drawn  inwards,  and  the  inner  border  of  the  coraco-brachialis 
muscle   is   identified    and    drawn    outwards.      The  ulnar   and    internal 
cutaneous   nerves   are   displaced   inwards,  the  median  nerve   outwards. 
The  brachial  artery,  surrounded  by  its  venae  comites,  is  now  exposed 
and  ligatured. 

(2)  Ligature  of  the  brachial  artery  at  the  middle  of  the  arm. — The 
preliminary  steps  of  the  procedure  resemble  those  of  the  last  operation. 
When  the  deep  fascia  has  been  divided,  the  inner  border  of  the  biceps  is 
identified  and  drawn  outwards.     The  median  nerve  will  probably  now  be 
seen  overlying  the  artery,  and   is   displaced  outwards ;  this,  brings  the 
artery  into  view   with   its  venae   comites   (fig.    80).      Occasionally  the 
median  nerve  lies  behind  the  brachial  artery.     Should  the  incision  be 
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made  too  much  to  the  inner  aspect  of  the  arm,  the  ulnar  nerve  may 
come  into  view  with  the  inferior  profunda  artery,  and  if  the  latter 
happened  to  be  larger  than  usual  it  might  possibly  be  mistaken  for  the 
main  trunk. 

(3)  Ligature  of  the  brachial  artery  at  the  bend  of  the  elbow. — The  skin 
incision,  which  is  made  in  the  course  of  the  artery  at  the  inner  margin  of 
the  biceps  tendon,  is  somewhat  oblique,  and  at  its  centre  crosses  the 
transverse  crease  at  the  bend  of  the  elbow.  When  the  superficial  tissues 
have  been  divided,  the  median  basilic  vein  comes  into  view  and  is  drawn 
inwards;  the  anterior  branches  of  the  internal  cutaneous  nerve  are 


Brachial  Aponeurosis. 
Biceps  M. 
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FIG.  80. — Dissection  of  the  brachiar  artery  in  the  middle  third  of  the  arm.  Note  that  the  inner 
border  of  the  biceps  muscle  forms  an  accurate  guide  to  the  artery,  that  the  median  nerve  lies 
in  front  of  the  vessel,  inclining  at  the  same  time  inwards,  and  that  two  venae  comites  closely 
surround  the  artery.  The  ulnar  nerve  with  the  inferior  profunda  artery  is  seen  within  the 
posterior  osteo-aponeurotic  compartment,  both  having  just  pierced  the  internal  intermuscular 
septum. 

avoided  as  far  as  is  possible,  and  the  deep  or  bicipital  fascia  is 
sparingly  divided.  The  artery,  with  its  venae  comites,  will  be  found  in 
the  midst  of  some  loose  fatty  tissue,  the  median  nerve  lying  internally 
(fig.  82). 

Amputation  through  the  Arm  is  occasionally  demanded  in  cases 
of  extensive  injury  of  the  forearm,  or  for  a  tumour  or  other  form  of 
incurable  disease  of  the  elbow  unsuited  for  excision.  The  variety  of 
amputation  best  suited  for  the  arm  is  that  known  as  the  modified  circular. 
It  consists  in  raising  two  equal  antero-posterior  flaps,  which  include  only 
the  superficial  tissues  and  measure  about  two  and  a  half  inches  in  vertical 
extent.  When  these  flaps  have  been  raised,  the  remaining  structures, 
viz.,  the  muscles,  vessels  and  nerves,  are  divided  circularly;  the  periosteum 
is  divided  circularly  also,  and  reflected  from  the  bone  to  a  slight  extent, 
after  which  the  latter  is  divided  by  the  saw. 
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An  important  point  to  be  considered  in  amputations  is  the  retractile 
power  of  the  muscles  when  divided.  Those  which,  like  the  biceps,  are 
contained  loosely  within  their  sheaths,  retract  to  a  very  considerable 
extent  from  the  line  of  section  ;  those,  on  the  other  hand,  which  possess 
an  extensive  attachment  to  the  bone,  like  the  triceps  and  brachialis 
anticus,  retract  less  freely.  Accordingly,  it  has  come  to  be  regarded 
as  a  rule  in  surgery  that  those  muscles  which  possess  loose  surroundings 
should  be  cut  longer  than  those  with  fixed  bony  attachments  ;  thus 
the  biceps  should  be  divided  near  the  level  of  the  free  extremity  of 
the  anterior  skin  flap,  and  the  other  muscles  opposite  the  bases  of 
the  flaps. 

Supposing  that  the  site  of  the  amputation  is  at  the  middle  of  the 
arm,  the  brachial  vessels  and  the  median  nerve  will  be  found  at  the 
inner  side  of  the  stump,  the  musculo-spiral  nerve  with  the  superior 
profunda  artery  will  be  found  close  to  the  humerus  on  its  postero-external 
aspect,  and  the  ulnar  nerve  with  the  inferior  profunda  artery  to  the 
inner  side  of  the  brachial  artery.  Several  small  muscular  vessels 
are  also  divided  on  the  surface  of  the  section.  The  various  structures 
encountered  at  this  level  may  be  studied  in  fig.  78.  It  is  desirable 
that  as  much  of  the  humerus  as  possible  should  be  retained,  in  order  that 
it  may  give  sufficient  leverage  for  an  artificial  limb. 


THE  ELBOW. 

Topography  and  Superficial  Anatomy. — The  external  configura- 
tion of  the  elbow  differs  considerably  from  that  of  the  arm,  for  whereas 
the  latter  is  flattened  somewhat  from  side  to  side,  the  former  is  flattened 
from  before  backwards,  its  greatest  measurement  being  in  the  transverse 
direction.  This  explains  why  it  is  customary  to  apply  extension  to  the 
lower  part  of  the  arm  in  the  reduction  of  shoulder  dislocations.  A 
bandage  in  the  form  of  a  clove  hitch  or  other  form  of  apparatus  applied 
to  the  limb  immediately  above  the  condyles  of  the  humerus  takes  a  secure 
hold,  and  does  not  tend  to  slip  downwards  when  traction  is  being 
exerted. 

Except  when  the  forearm  assumes  the  fully  extended  attitude,  the 
elbow  in  its  natural  state  of  rest  presents  a  slight  angular  projection 
backwards.  Another  angular  projection  may  be  noted  internally,  the 
apex  of  the  angle  corresponding  to  the  internal  condyle  of  the  humerus. 
It  is  most  evident  when  the  limb  is  fully  extended  and  depends  upon  the 
fact  that  the  long  axes  of  the  arm  and  forearm  do  not  lie  in  the  same 
straight  line,  but  are  inclined  to  each  other  at  an  obtuse  angle  opening 
externally. 

When  the  forearm  is  extended  and  fully  supinated,  the  anterior 
aspect  of  the  elbow  presents  three  muscular  projections,  the  distinctness 
of  which  varies  with  the  age,  sex,  and  general  muscular  development  of 
the  individual ;  they  are  not  very  evident  in  children  and  females,  but  in 
adult  males  they  are  usually  prominent.  The  central  projection  is 
caused  by  the  lower  extremity  of  the  biceps  muscle,  which  suddenly 
tapers  at  this  level  into  its  rounded  tendon.  This  portion  of  the  biceps 
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is  separated  from  the  two  other  muscular  projections  by  furrows,  which 
will  be  recognised  as  the  lower  extremities  of  the  internal  and  external 
bicipital  sulci,  which  by  their  coalescence  form  a  V-shaped  figure,  and  are 
continued  into  a  shallow  median  furrow  upon  the  anterior  aspect  of  the 
forearm.  The  inner  muscular  projection  corresponds  to  the  pronator  radii 
teres  and  the  general  mass  of  the  flexor  muscles  of  the  forearm  ;  the 
outer  is  constituted  by  the  supinator  longus  and  the  two  radial  extensor 
muscles.  These  two  masses  of  muscle  receive  between  them  the  biceps 
tendon  and  the  brachialis  anticus  muscle,  and  the  space  which  they 
enclose  is  known  as  the  antecubital  fossa. 

The  skin  which  covers  the  front  of  the  elbow  is  thin  and  very  mobile  ; 
it  is  crossed  by  one  or  more  transverse  or  slightly  curved  creases  which 
pass  between  the  humeral  condyles  ;  they  do  not  indicate  the  line  of  the 
articulation,  however,  but  occupy  a  somewhat  higher  level,  and  are  most 
evident  when  the  forearm  is  slightly  flexed.  The  line  of  the  articulation 
in  front  is  difficult  of  recognition,  owing  to  the  amount  of  muscle  by 
which  the  bones  are  covered,  but  its  direction,  which  is  oblique,  will  be 
represented  fairly  accurately  by  a  line  crossing  the  front  of  the  limb  from 
a  point  half  an  inch  below  the  tip  of  the  external  to  another  point  one 
inch  below  the  tip  of  the  internal  condyle.  In  muscular  arms,  free  from 
excess  of  fat,  certain  important  superficial  veins  are  to  be  noted  in  front 
of  the  elbow,  which  possess  a  certain  degree  of  surgical  interest,  as  this 
was  a  favourite  site  for  phlebotomy  in  bygone  days.  The  procedure 
is  but  seldom  practised  at  the  present  day;  one  of  these  veins  is 
sometimes  opened,  however,  for  the  purpose  of  employing  transfusion 
after  excessive  loss  of  blood.  They  may  be  rendered  very  conspicuous 
by  moderately  constricting  the  lower  part  of  the  arm  with  a  handkerchief 
or  with  a  few  turns  of  a  bandage. 

The  Superficial  Veins  of  the  Upper  Limb. — The  superficial  veins  of  the  upper  limb 
commence  in  a  plexiform  manner  upon  the  back  of  the  hand  and  the  front  of  the  wrist.  A 
single  vein,  known  as  the  superficial  radial,  proceeds  from  the  outer  part  of  the  dorsal  plexus, 
and  ascends  along  the  antero-externa4  aspect  of  the  forearm  to  the  elbow.  From  the  inner  aspect 
of  the  dorsal  plexus  two  veins  emerge,  as  a  rule,  and  ascend  along  the  antero-internal  margin  of 
the  forearm ;  they  are  known  as  the  anterior  and  posterior  superficial  ulnar  veins ;  they  unite 
occasionally  in  the  vicinity  of  the  elbow  to  form  a  single  superficial  ulnar  vein.  Another  vessel, 
the  superficial  median  vein,  proceeds  from  the  plexus  upon  the  front  of  the  wrist  and  ascends 
along  the  middle  of  the  front  of  the  forearm.  Opposite  the  bend  of  the  elbow  and  immediately 
to  the  outer  side  of  the  biceps  tendon  it  receives  a  large  branch  of  communication,  the  vena 
profunda,  from  the  deep  veins  of  the  forearm,  and  then  divides  into  two  branches,  an  inner  or 
median  basilic,  and  an  outer  or  median  cephalic  (fig.  82).  The  latter,  usually  the  smaller  of 
the  two,  passes  upwards  and  outwards  in  the  external  bicipital  sulcus,  where  it  is  joined  by  the 
superficial  radial  vein,  the  resulting  trunk  being  known  as  the  cephalic  vein,  which  has  already- 
been  traced  up  the  arm  and  through  the  costo-coracoid  membrane  to  its  junction  with  the 
axillary  vein.  The  median  basilic  vein  is  directed  upwards  and  inwards  across  the  biceps 
tendon  and  the  bicipital  fascia,  which  separates  it  from  the  brachial  artery,  to  the  internal 
bicipital  sulcus,  and  joins  the  superficial  ulnar  vein,  the  single  trunk  thus  formed  being  known 
as  the  basilic  vein.  This  vessel  has  been  followed  through  the  arm  to  its  junction  with  the 
inner  of  the  two  venae  comites  of  the  brachial  artery,  their  coalescence  forming  the  axillary 
vein. 

The  appearances  presented  by  the  posterior  aspect  of  the  elbow  as 
well  as  its  skeletal  relationships  vary  greatly  according  as  the  forearm  is 
in  the  flexed  or  extended  position.  The  bony  landmarks  of  this  region 
are  particularly  deserving  of  attention,  as  an  exact  knowledge  of  the 
normal  relationships  which  exist  between  the  condyles  of  the  humerus, 
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the  olecranon  process  of  the  ulna,  and  the  head  of  the  radius  is  indispens- 
able for  the  correct  diagnosis  of  the  varied  and  complex  injuries — fractures 
and  dislocations — to  which  this  part  of  the  limb  is  subject.  When  the 
forearm  is  fully  extended  the  olecranon  process  is  but  little  in  evidence ; 
its  summit  just  touches  or  may  slightly  exceed  a  line  drawn  across  the 
back  of  the  arm  between  the  most  prominent  points  of  the  humeral 
condyles  (fig.  8iA).  When  the  forearm  is  flexed,  however,  the  olecranon 
gradually  becomes  more  prominent,  forming  the  '  point '  of  the  elbow, 
and  at  the  same  time  it  sinks  below  the  horizontal  level  of  the  inter- 
condyloid  line.  When  the  forearm  is  at  right  angles  to  the  arm,  the 
tip  of  the  olecranon  forms  the  lowest  point  of  the  elbow  (fig.  8 IB);  it 
lies  upon  the  same  plane  as  the  posterior  surface  of  the  shaft  of  the 
humerus,  and  represents  the  apex  of  an  inverted  equilateral  triangle, 
the  basal  angles  of  which  are  situated  at  the  condyles  of  the  humerus. 


Olec 


Y--  Ext.  Condyle  of  Humerus 
"~"\  (Epicondylc). 

\ —    Int.  Condyle  of  Humerus 

(Epitrochlea). 
-  Head  of  Radius. 


FIG.  81. — The  bones  of  the  elbow — A,  in  extension  ;  B,  in  semiflexion.  These  figures  are 
intended  to  demonstrate  the  principal  bony  landmarks  of  the  elbow,  and  the  manner  in 
which  their  relationships  alter  with  the  attitude  of  the  forearm. 

With  full  flexion  of  the  forearm  the  tip  of  the  olecranon  is  carried  further 
forwards  and  lies  in  front  of  the  articular  extremity  of  the  humerus.  The 
posterior  subcutaneous  surface  of  the  olecranon  is  continued  into  the 
posterior  ridge  of  the  shaft  of  the  ulna  below,  and  the  tendon  of  the 
triceps  can  be  traced  down  to  it  above. 

The  internal  condyle  of  the  humerus  is  more  distinct  than  the  ex- 
ternal ;  a  narrow  but  rather  deep  furrow  separates  it  from  the  inner 
border  of  the  olecranon,  and  the  cord  formed  by  the  ulnar  nerve  can 
usually  be  felt  rolling  in  the  groove  on  its  posterior  aspect.  The  stout 
ligamentous  structure  which  is  formed  by  the  lower  part  of  the  internal 
intermuscular  septum  is  attached  to  the  upper  border  of  the  condyle 
and  can  be  distinctly  felt.  The  external  condyle  is  most  easily  recognised 
when  the  forearm  is  semiflexed  ;  in  the  fully  extended  position  of  the 
latter,  it  lies  hidden  in  a  small  pit  bounded  by  the  anconeus  muscle 
internally  and  the  radial  extensor  muscles  externally;  it  is  further 
removed  from  the  olecranon  than  the  inner  condyle,  and  the  intervening 
surface  is  comparatively  flat.  Immediately  below  the  condyle  posteriorly 
the  tip  of  the  finger  encounters  a  depression  which  indicates  the  line 
of  the  humero-radial  articulation,  and  below  this  the  projection  caused 
by  the  head  of  the  radius,  the  rotatory  movements  of  which  are  easily 
detected  as  the  forearm  is  alternately  pronated  and  supinated.  The 
grooves  at  the  sides  of  the  olecranon  become  indistinct,  if  not  altogether 
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obliterated,  in  certain  forms  of  disease  of  the  elbow-joint  accompanied 
by  effusion  into  the  joint  cavity,  or  by  excessive  thickening  of  the 
synovial  membrane.  The  olecranon,  in  such  cases,  is  no  longer  promi- 
nent, it  may  even  lie  at  the  bottom  of  a  shallow  depression  in  the  swollen 
tissues. 

The  skin  over  the  back  of  the  elbow  is  thicker  than  in  front ;  it  not 
uncommonly  presents  a  slightly  corrugated  appearance,  and  is  often 
covered  by  dry  epidermic  scales.  Owing  to  the  excessive  laxity  of  the 
subcutaneous  tissue  at  this  level,  the  skin  moves  with  great  freedom 
over  the  deeper  parts.  The  subcutaneous  bursa  so  constantly  present 
over  the  posterior  aspect  of  the  olecranon — olecranon  bursa — is  very 
much  exposed  to  injury  and  attacks  of  inflammation,  viz.,  bursitis,  the 
acute  form  of  which  is  sometimes  alluded  to  as  '  miner's  elbow,'  in  con- 
sequence of  its  comparative  frequency  in  the  workers  in  coal  mines.  A 
suppurative  process  originating  within  this  bursa  is  liable  to  ulcerate 
through  the  bursal  wall  and  set  up  a  diffuse  cellulitis  throughout  the 
subcutaneous  tissue  on  the  back  of  the  forearm,  accompanied  by  great 
swelling  of  the  limb. 

THE  ANTECUBITAL  FOSSA.— The  triangular  depression  in  front  of  the  elbow  is 
known  as  the  antecubital  fossa.  Its  base  corresponds  to  an  imaginary  line  connecting  the  condyles 
of  the  humerus,  and  its  sides  are  represented  by  the  converging  margins  of  the  pronator  radii  teres 
and  supinator  longus  muscles.  The  space  is  brought  into  view  by  reflecting  the  superficial  tissues, 
the  subcutaneous  veins  already  noted,  the  superficial  nerves — internal  cutaneous  and  musculo- 
cutaneous — and  the  deep  fascia  (fig.  82).  The  latter  is  well  developed  at  this  level,  but  par- 
ticularly so  where  it  extends  between  the  biceps  tendon  and  the  inner  aspect  of  the  forearm, 
hence  the  name  given  to  it  of  bicipital  fascia.  Within  the  space  are  found  the  biceps  tendon, 
and  immediately  to  the  inner  side  of  this  the  brachial  artery,  as  it  approaches  its  bifurcation 
into  the  radial  and  ulnar  arteries,  and  its  accompanying  venae  comites.  The  median  nerve  lies 
still  more  internally,  a  short  distance  from  the  artery.  These  structures  are  surrounded  by  a 
quantity  of  loose  fatty  tissue,  which  is  continuous  above  with  the  deeper  connective-tissue  planes 
of  the  arm,  and  below  with  the  tissue  which  separates  the  superficial  from  the  deep  muscles 
of  the  forearm.  The  floor  of  the  space  is  formed  by  the  brachialis  anticus  muscle.  In  addition 
to  the  deep  groove  on  the  inner  aspect  of  the  biceps  tendon,  in  which  are  found  the  brachial 
vessels  and  the  median  nerve,  there^is  another  groove  or  intermuscular  interval  on  its  external 
aspect,  which  is  bounded  in  its  deeper  part  by  the  brachialis  anticus  internally,  and  by  the 
extensor  carpi  radialis  longior  externally.  Within  it  are  found  the  musculo-spiral  nerve  dividing 
into  its  terminal  branches — the  radial  and  posterior  interdsseous  nerves — also  the  radial  recurrent 
artery,  which  anastomoses  with  the  termination  of  the  superior  profunda. 

The  anatomical  steps  of  the  operation  of  ligature  of  the  brachial  artery 
at  the  bend  of  the  elbow  have  been  detailed  above  (p.  281),  and  the  mode 
of  applying  digital  pressure  to  the  artery  at  this  level  has  also  been 
described.  The  circulation  in  the  vessel  can  be  arrested  also  by  forcible 
flexion  of  the  forearm.  With  the  limb  in  this  attitude  the  brachial  artery 
is  sharply  bent  and  compressed  between  the  opposing  muscular  masses 
of  the  arm  and  forearm  ;  the  position  is  very  irksome,  however,  and 
cannot  be  borne  for  any  great  length  of  time. 

In  the  operation  of  phlebotomy,  the  median  basilic  vein  was  the  vessel 
usually  selected,  and  it  was  not  unusual  in  former  years  for  the  brachial 
artery  to  be  simultaneously  wounded,  as  it  is  separated  from  the  vein  only 
by  the  bicipital  fascia.  The  result  was  in  many  instances  a  direct  com- 
munication between  the  artery  and  the  vein  (aneurysmal  varix),  or  an 
indirect  communication  through  the  sac  of  a  circumscribed  traumatic 
aneurysm  (varicose  aneurysm). 
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THE  ELBOW-JOINT. — In  this  joint  the  lower  extremity  of  the  humerus  articulates 
with  the  upper  extremities  of  the  radius  and  ulna,  the  greater  sigmoid  cavity  of  the  ulna 
embracing  the  trochlea  of  the  humerus,  and  the  shallow  cup-shaped  facet  of  the  radius  resting 
against  the  capitellum.  It  is  a  very  perfect  example  of  the  ginglymus  or  hinge  variety  of 
articulation. 

The  lower  extremity  of  the  humerus  is  flattened  from  before  backwards,  it  curves 
strongly  forwards,  and  is  the  widest  part  of  the  bone.  Its  articular  portion,  consisting  of  the 
trochlea  and  the  capitellum,  is  bounded  laterally  by  the  condyles.  The  inner  of  these  is  the  larger 
and  the  more  prominent ;  its  summit  is  about  one  inch  distant  from  the  inner  margin  of  the 
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FIG.  82. — Dissection  of  the  brachial  artery  and  of  the  superficial  structures  at  the  bend  of  the 
elbow  (antecubital  fossa).  The  biceps  tendon  forms  an  important  landmark  in  this  region. 
To  its  inner  side — inner  bicipilal  sitlcus — are  situated  the  brachial  artery  with  its  two  venae 
comites  and  the  median  nerve.  The  bicipital  fascia,  too,  springs  from  its  inner  border,  and 
is  crossed  superficially  by  the  median  basilic  vein  and  the  anterior  division  of  the  internal 
cutaneous  nerve.  At  the  outer  border  of  the  tendon — outer  bicipital  stilcus — the  median  vein 
divides  into  its  median  cephalic  and  median  basilic  branches,  and  the  profunda  vein  connects 
the  superficial  with  the  deep  veins.  A  little  higher  up  the  musculo-cutaneous  nerve  pierces 
the  deep  fascia,  and  the  junction  is  effected  between  the  median  cephalic  and  radial  veins. 
Observe  the  three  muscular  masses  formed  by  :  (i)  the  biceps  and  brachialis  anticus  above  ; 
(2)  the  pronator  radii  teres  and  flexors  internally ;  and  (3)  the  supinator  longus  and  radial 
extensors  externally. 


trochlea,  and  from  its  close  proximity  to  the  latter  it  has  been  named  the  epitrochlea  (Chaussier). 
The  outer  condyle  forms  a  slight  conical  projection  immediately  adjoining  the  capitellum,  and 
has  consequently  received  the  name  of  epicondyle.  The  trochlear  surface  has  an  oblique  antero- 
posterior  axis  which  is  directed  from  above  and  behind  downwards,  forwards,  and  inwards 
and  is  limited  internally  by  a  very  prominent  margin.  At  the  junction  of  the  articular  extremity 
with  the  shaft  the  bone  is  hollowed  out  in  front  and  behind  in  the  form  of  two  fossae.  The 
anterior  of  these,  viz. ,  the  coronoid fossa,  is  the  smaller,  in  the  recent  state  it  is  occupied  by  some 
fatty  tissue  covered  by  synovial  membrane,  and  the  coronoid  process  comes  into  close  relationship 
with  it  in  full  flexion.  The  posterior  or  olecranon  fossa  is  comparatively  deep,  it  also  is  occupied 
in  the  recent  state  by  some  fatty  tissue  and  by  a  fold  of  synovial  membrane,  and  in  full  extension 
of  the  forearm  receives  the  summit  of  the  olecranon  process.  Occasionally  these  fossae  com- 
municate through  a  perforation  in  the  bone. 
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The  capitellum  is  almost  hemispherical  in  outline  ;  it  is  covered  by  cartilage  in  the  recent  state, 
and  is  limited  entirely  to  the  front  aspect  of  the  bone.  At  its  junction  with  the  shaft  above 
there  is  a  shallow  depression,  the  radial  fossa,  into  which  the  rim  of  the  head  of  the  radius  is 
received  in  full  flexion  of  the  forearm. 

The  plane  of  the  lower  articular  surface  of  the  humerus  is  oblique  from  without  inwards  and 
downwards,  and  forms  an  acute  angle  with  the  intercondyloid  plane,  the  direction  of  which  is  at 
right  angles  to  the  long  axis  of  the  bone.  This  obliquity  accounts  for  the  outward  deflection  of 
the  forearm  and  the  obtuse  angle  at  the  outer  aspect  of  the  elbow. 

The  upper  extremity  of  the  Ulna  is  the  most  massive  part  of  the  bone  ;  the  two  bony 
projections  which  enter  into  its  constitution,  viz.,  the  olecranon  and  coronoid  processes,  present 
somewhat  the  appearance  of  a  hook,  the  concavity  of  which  is  known  as  the  greater  sigmoid 
cavity  and  revolves  upon  the  trochlea  of  the  humerus,  the  two  articular  surfaces  being  reciprocally 
adapted  to  each  other.  The  olecranon  is  widest  at  its  upper  extremity  but  is  slightly  constricted 
at  its  junction  with  the  shaft.  The  coronoid  process  presents  a  small  concave  facet  on  its  outer 
aspect,  viz.,  the  lesser  sigmoid  cavity,  which,  in  conjunction  with  the  orbicular  ligament,  helps 
to  form  the  socket  within  which  the  head  of  the  radius  rotates  in  the  movements  of  pronation 
and  supination. 

The  head  of  the  Radius  is  surrounded  by  an  articular  surface,  circular  in  outline,  which 
revolves  within  the  socket  formed  by  the  orbicular  ligament  and  the  lesser  sigmoid  cavity  of 
the  ulna,  and  is  connected  to  the  shaft  by  a  constricted  portion  or  neck.  The  upper  surface 
of  the  radial  head  is  slightly  concave  and  rests  against  the  capitellum,  contact  between  the  two 
being  greatest  in  semiflexion  and  least  in  extension  of  the  forearm. 

The  Ligaments  of  the  Elbow-joint. — The  ligaments  which  connect  the  humerus  with  the 
bones  of  the  forearm  form  a  complete  investment  for  the  articulation  after  the  manner  of  a  capsule ; 
it  is  customary,  however,  to  describe  them  separately,  as  anterior,  posterior,  and  lateral  ligaments, 
(i)  The  anterior  ligament  is  thin,  it  has  a  curved  attachment  above  to  the  humerus,  circumscribing 
the  upper  margins  of  the  coronoid  and  radial  fossoe,  and  extending  beyond  these  in  the  direction 
of  the  condyles.  It  is  attached  below  to  the  anterior  margin  of  the  coronoid  process  of  the 
ulna,  to  the  orbicular  ligament,  and  the  neck  of  the  radius  ;  it  is  overlaid  and  provides  origin  for 
some  of  the  fibres  of  the  brachialis  anticus  muscle.  (2)  The  posterior  ligament  is  the  weakest  of 
the  series  ;  its  upper  attachment  extends  along  the  inner  margin  of  the  olecranon  fossa  and  the 
upper  part  of  the  latter  downwards  across  the  bone  to  the  posterior  margin  of  the  capitellum. 
It  is  attached  below  to  the  olecranon  process  of  the  ulna  on  its  superior  and  external  aspects,  to 
the  orbicular  ligament  and  the  neck  of  the  radius.  This  ligament  is  overlaid  by  the  triceps  muscle, 
some  of  the  fibres  of  which  (m.  subanconeus)  are  attached  to  it.  (3)  The  internal  lateral  ligament 
is  the  strongest,  it  has  a  triangular  outline,  and  is  attached  by  its  apex  to  the  anterior  and  under 
aspects  of  the  internal  condyle.  The  anterior  part  of  this  ligament  extends  forwards  to  the 
tubercle  upon  the  inner  border  of  the  coronoid  process,  its  posterior  part  gains  attachment  to  the 
inner  aspect  of  the  olecranon  process,  and  the  intermediate  portion  is  fixed  to  the  ridge  which 
connects  these  two  bony  prominences.  The  more  immediate  relations  of  this  ligament  are  the 
flexor  carpi  ulnaris  muscle  and  the  ulnar  nerve.  (4)  The  external  lateral  ligament  extends  from 
the  lower  part  of  the  external  condyK  of  the  humerus  to  the  outer  side  of  the  orbicular  ligament 
and  the  neck  of  the  radius  ;  it  is  overlaid  by  the  supinator  brevis  and  the  extensor  muscles  of 
the  forearm. 

The  synovial  membrane  of  the  elbow-joint  is  continuous  with  that  of  the  superior  radio- 
ulnar  articulation.  At  certain  points  it  is  related  on  its  external  aspect  to  collections  of  fatty 
tissue,  the  principal  of  which  are  found  at  the  bottom  of  the  coronoid  and  olecranon  fossae  and 
at  the  inner  side  of  the  olecranon  process. 

Movements  at  the  Elbow-joint — In  this  joint,  which  represents  a 
very  perfect  hinge,  movement  is  possible  only  in  two  directions,  forwards 
and  backwards,  i.e.  flexion  and  extension.  In  contrast  with  the  shoulder 
the  elbow- joint  depends  for  its  security  mainly  upon  the  configuration  of 
its  articular  surfaces,  those  of  the  humerus  and  the  ulna  being  adapted 
to  each  other  in  such  a  way  as  to  render  their  mutual  displacement  a 
matter  of  considerable  difficulty. 

When  the  forearm  is  extended,  its  long  axis,  as  already  stated,  makes 
an  obtuse  angle  with  that  of  the  arm,  but  when  the  elbow  is  flexed, 
the  forearm  and  hand  are  simultaneously  carried  inwards  towards  the 
middle  line  of  the  body,  movement  in  this  direction  being  determined 
by  the  inward  obliquity  of  the  trochlear  articular  surface.  This  inward 
movement  is  very  essential  when  viewed  in  connection  with  the  functional 
requirements  of  the  hand  and  forearm  as  it  facilitates  the  introduction  of 
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food  into  the  mouth,  and  is  indispensable  for  the  execution  of  the  com- 
plicated manipulations  required  in  many  forms  of  employment,  and  for 
those  highly  co-ordinated  movements  which  are  practised  in  the  art  of 
self-defence.  This  inward  inclination  of  the  forearm  is  facilitated  also  by 
the  inward  and  backward  direction  of  the  upper  articular  extremity  of 
the  humerus. 

The  movement  of  flexion  is  arrested  by  the  contact  of  the  soft  tissues, 
especially  the  muscular  masses  upon  the  front  of  the  arm  and  forearm. 
Hyperextension  is  prevented  by  tension  of  the  muscles  and  ligaments 
related  to  the  anterior  aspect  of  the  articulation.  These  structures,  it  is 
to  be  noted,  exert  their  controlling  influence  upon  the  joint  movements 

Brachialis  Anticus  M. 
Median  Basilic  V.:  ;Tendon  of  Biceps  M. 

BrachialArt.  \  '  Median  Cephalic  Vein. 

\  i  i 

Median  N.    ,.  \.^^^^^^^L        !  Musculo-spiral  N. 

^^^^        ^^^  Supinator  Longus  M. 

Pronator  Radii  Teres  M. 


Ulnar  N. 


"•  Extensor  Carpi  Radialis 
Longior  M. 


Anconeus  M. 


FIG.  83. — Transverse  section  through  the  elbow  region.  Observe  the  ulnar  nerve  in  contact 
with  the  posterior  surface  of  the  internal  condyle  of  the  humerus.  The  brachial  vessels 
and  the  median  nerve  are  seen  lying  upon  the  brachialis  anticus  muscle,  and  a  little  more 
externally,  the  biceps  tendon  is  represented  in  cross  section,  and  to  the  outer  side  of  this  the 
musculo-spiral  nerve,  but  somewhat  deeply  hidden  in  the  space  between  the  brachialis 
anticus  and  the  extensor  carpi  radialis  longior.  Observe  the  anconeus  muscle  behind  the 
outer  condyle. 

before  the  coronoid  and  olecranon  processes  of  the  ulna  come  into 
forcible  contact  with  their  respective  fossae  on  the  humerus.  In  the 
elbow  movements  the  head  of  the  radius  glides  upon  the  capitellum  ; 
contact  between  the  two  is  most  perfect  in  the  semiflexed  position  of 
the  forearm,  but  in  full  extension  the  radius  leaves  a  large  proportion 
of  the  capitellum  uncovered  and  projects  backwards  below  the  external 
condyle  of  the  humerus.  In  full  flexion  the  head  of  the  radius  rests  in 
contact  with  the  radial  fossa  of  the  humerus  immediately  above  the 
capitellum. 

Lateral  movement  at  the  elbow  may  be  regarded  as  practically 
non-existent  in  the  normal  state  ;  it  may  be  elicited,  however,  in  certain 
pathological  conditions  affecting  the  articulation,  especially  tubercular 
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disease,  and   is   indicative  of  softening   and   relaxation  of  the  lateral 
ligaments. 

Examination  of  the  Elbow-joint  in  cases  of  injury. — In  many 
instances  the  diagnosis  of  lesions  affecting  the  elbow-joint,  or  the 
articular  extremities  of  the  bones  which  enter  into  its  constitution,  is  a 
matter  of  extreme  difficulty,  and  necessitates  a  very  careful  investigation 
of  the  seat  of  injury.  A  systematic  examination  is  made  of  the  four 
bony  landmarks  of  the  articulation,  viz.,  the  two  condyles  of  the  humerus, 
the  olecranon  process  of  the  ulna  and  the  head  of  the  radius,  and  any 
alteration  in  their  normal  relationships  is  carefully  noted  ;  the  motions 
of  the  joint,  both  active  and  passive,  are  also  tested,  and  it  is  observed  in 
what  directions  their  limitation  is  most  marked.  Unless  an  opportunity 
for  examining  the  joint  is  afforded  very  soon  after  the  occurrence  of  the 
injury,  the  difficulty  attending  the  examination  will  be  greatly  increased 
on  account  of  the  rapid  swelling  which  sets  in  and  obscures  all  guiding 
points.  This  explains  why  the  correct  diagnosis  of  elbow  injuries  was 
frequently  a  matter  of  extreme  difficulty,  if  not  actually  impossible,  before 
the  introduction  of  X-ray  photography,  the  result  being  in  many 
instances  the  non-reduction  of  fractures  or  obscure  forms  of  dislocation,  so 
that  by  the  time  the  swelling  had  subsided,  the  deformity  had  often 
acquired  a  permanent  character,  leading  either  to  ankylosis  of  the  joint 
or  a  greatly  diminished  range  of  motion. 

Dislocations. — In  spite  of  the  apparent  structural  security  of  the 
elbow-joint,  displacement  of  its  articular  surfaces  is,  nevertheless,  fairly 
common,  owing  to  the  frequency  with  which  it  is  exposed  to  severe  forms 
of  injury,  and  comes  next  in  order  of  frequency  to  that  of  the  shoulder. 
The  bones  of  the  forearm  may  be  dislocated  forwards,  backwards,  out- 
wards or  inwards,  and  the  dislocation  in  each  of  these  directions  may  be 
either  partial  or  complete.  Dislocation  backwards  is  by  far  the  most 
common,  dislocation  outwards  comes  next,  then  dislocation  inwards, 
dislocation  forwards  being  the  rarest  of  all. 

I.  Dislocation  of  both  bones  of  the  forearm  backwards. — Different  views 
have  been  held  as  to  the  manner  in  which  this  dislocation  is  effected. 
According  to  the  hyperextension  theory  the  injury  is  usually  caused  by  a 
fall  upon  the  outstretched  hand  while  the  arm  is  held  away  from  the 
side.  The  anterior  ligament  and  the  anterior  portions  of  the  lateral 
ligaments  are  powerfully  stretched  and  give  way,  upon  which  the 
coronoid  process  of  the  ulna  passes  backwards,  the  momentum  of  the 
body  causing  the  lower  end  of  the  humerus  at  the  same  time  to  come 
forwards.  Should  the  anterior  sharp  edge  of  the  coronoid  process  come 
to  rest  against  the  lower  part  of  the  trochlea  of  the  humerus,  the  disloca- 
tion is  said  to  be  incomplete.  Should  it  pass  further  backwards  and 
upwards,  so  as  to  lie  opposite  to  or  sink  into  the  olecranon  fossa  of 
the  humerus,  the  dislocation  is  said  to  be  complete. 

The  torsion  theory  of  Malgaigne  is  to  the  effect  that  at  the  time  of 
the  injury,  the  forearm,  while  in  the  attitude  of  semiflexion,  is  subjected 
to  a  severe  inward  twist,  the  internal  lateral  ligament  is  strained  and 
gives  way,  the  coronoid  process  glides  backwards  beneath  the  trochlea, 
the  radius  follows,  and  a  backward  dislocation  is  effected. 

The  recognition  of  this  dislocation  in  its  complete  form  is  usually 
easy;  the  forearm  appears  shortened,  the  depth  of  the  elbow  from 
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before  backwards  is  increased,  the  olecranon  projects  prominently 
behind  and  carries  the  triceps  backwards  with  it,  and  there  is  a  rounded 
projection  in  front  caused  by  the  lower  end  of  the  humerus.  The  most 
valuable  diagnostic  signs,  however,  are  those  which  result  from  the 
altered  relationships  between  the  condyles  of  the  humerus  and  the 
olecranon.  The  latter  lies  above  and  behind  its  normal  level,  its 
backward  projection  is  increased  by  attempts  to  flex  the  limb,  and  its 
degree  of  upward  displacement  is  increased  when  the  forearm  is 
extended  ;  the  head  of  the  radius,  too,  can  be  detected  below  and  behind 
the  external  condyle,  and  made  to  revolve  beneath  the  examining 
ringer,  its  cup-shaped  facet  being  often  distinctly  felt. 

The  incomplete  form  of  backward  dislocation  is  by  no  means  infrequent, 
and  the  fact  that  it  is  very  liable  to  remain  unrecognised  should  render 
the  surgeon  mindful  of  the  possibility  of  its  existence  in  cases  of  obscure 
elbow  injury.  The  altered  relationships  of  the  olecranon  are  here  again 
the  most  reliable  guide.  Its  position  is  further  removed  below  the  hori- 
zontal plane  of  the  condyles  than  on  the  sound  side,  and  it  does  not 
project  so  far  behind  as  normally.  The  relation  of  the  head  of  the 
radius  to  the  outer  condyle  will  also  be  altered,  a  larger  extent  of  it 
being  accessible  to  palpation  than  is  usually  the  case. 

2.  Dislocation  of  both  bones  of  the  forearm  forwards. — The  excessive 
rarity  of  this  dislocation  is  rendered  intelligible  by  the  relationship  which 
exists  between  the  olecranon  process  of  the  ulna  and  the  trochlea  of  the 
humerus.     In  order  to  render  its  occurrence  possible,  it  is  necessary  that 
the  forearm  should  be  fully  flexed  at  the  time  of  the  injury.     In  this 
attitude  of  the  limb  the  olecranon  lies  in  front  of  the  trochlea,  and  if 
subjected  to  considerable  violence,  as  in  falling  upon  the  point  of  the 
elbow,  it  may  break  away  from  its  ligamentous  connections  with  the 
humerus  and  travel  forwards,  bringing  the  radius  with  it.     Should  the 
summit  of  the  olecranon  lie  in  front  of  the  trochlea  the  dislocation  is 
said  to  be  incomplete,  but  if  it  ascend  higher  still  and  come  to  rest  in 
front  of  the  lower  end  of  the  shaft  of  the  humerus,  the  dislocation  is 
to  be  regarded  as  complete. 

3.  Dislocation  of  both  bones  of  the  forearm  outwards. — This  form  of 
dislocation  is  usually  incomplete.      In  its  least  accentuated  form  the 
head  of  the  radius  rests  beneath  the  outer  condyle  of  the  humerus,  and 
the  anterior  sharp  margin  of  the  coronoid  process  rests  in  the  groove 
between  the  trochlea  and  the  capitellum.     In  a  more  advanced  degree 
the  head  of  the  radius  is  quite  outside  the  humerus,  and  the  greater 
sigmoid   cavity  of  the  ulna   is   beneath   the   capitellum  and  the  outer 
condyle.     In  the  complete  form  of  the  dislocation  both  bones  lie  to  the 
outer  side  of  the  humerus,  and  the  forearm  is  usually  rotated  inwards  in 
such  a  way  that  the  radius  is  directed  forwards  and  the  ulna  backwards. 
Dislocation  outwards  is  occasionally  associated  with  dislocation  of  both 
bones  backwards  (dislocation  backwards  and  outwards). 

4.  Dislocation  of  both  bones  of  the  forearm  inwards. — The  degree  of 
displacement  in  by  far  the  greater  number  of  examples  of  this  form  of 
dislocation  is  incomplete,  and  its  extreme  rarity  is  explained  by  the 
marked  downward  projection  of  the  inner  lip  of  the  trochlea.     When  the 
ulna   clears   this   latter,  the  greater   sigmoid   cavity  rests   beneath  the 
inner  condyle  and  the  head  of  the  radius  beneath  the  trochlea.     In  more 
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exaggerated  cases  the  ulna  passes  behind  and  to  the  inner  side  of  the 
internal  condyle,  and  the  head  of  the  radius  rests  in  the  immediate 
vicinity  of  the  olecranon  fossa  ;  in  fact,  it  now  becomes  a  dislocation  of 
both  bones  of  the  forearm  backwards  and  inwards. 

The  ulna  by  itself  is  capable  of  being  dislocated  only  in  one 
•direction,  viz.,  backwards.  It  is  an  accident  of  great  rarity,  and  re- 
quires for  its  production,  rupture  of  the  ligaments  which  connect  it 
with  the  humerus  and  radius,  and  of  the  interosseous  membrane  also  to 
some  extent. 

The  head  of  the  radius  may  be  dislocated  backwards,  outwards,  or 
forwards,  the  last  form  of  displacement  being  undoubtedly  the  most 
common.  It  is  probably  caused  in  many  instances  by  a  fall  upon  the 
radial  border  of  the  hand  while  the  arm  is  away  from  the  side  and 
extended;  the  anterior  ligament  of  the  elbow-joint  and  the  orbicular 
ligament  give  way,  and  the  head  of  the  radius  slips  forwards  in  front  of 
the  humerus.  This  injury  seriously  hampers  the  range  of  movement  of 
the  elbow-joint,  flexion  especially  being  limited  at  or  near  ninety  degrees 
by  the  head  of  the  radius  coming  abruptly  into  contact  with  the  front  of 
the  lower  extremity  of  the  humerus.  Pronation  is  fairly  free,  but  supina- 
tion  is  strongly  resisted.  There  is  an  unusual  fulness  in  front  of  the 
outer  part  of  the  elbow-joint,  and  it  will  be  noted  that  the  tissues  yield 
to  an  abnormal  degree  when  pressure  is  applied  posteriorly  below  the 
•external  condyle  of  the  humerus. 

A  form  of  injury  closely  allied  to  this  is  what  has  been  termed 
•* dislocation  by  elongation ' — 'pulled  elbow'  or  the  subluxation  of  young 
children.  It  is  met  with  usually  in  young  children  under  three  years  of 
age,  the  history  being  that  the  child  had  been  lifted  up  or  pulled  forcibly 
by  the  hand,  that  it  suddenly  screamed  with  pain  and  immediately 
ceased  to  use  the  limb,  holding  it  in  close  contact  with  the  side  in  an 
attitude  of  slight  flexion  and  pronation.  Passive  movements  continue 
to  have  a  moderately  free  range,  but  supination  is  impossible.  The 
nature  of  the  lesion  is  probably  an  anterior  displacement  of  the  head  of 
the  radius,  the  bone  having  first  been  pulled  downwards  out  of  the 
orbicular  ligament. 

Fractures  involving  the  Lower  Extremity  of  the  Humerus. — The 
lower  extremity  of  the  humerus  is  greatly  exposed  to  injury,  and  this 
circumstance,  taken  in  conjunction  with  the  increased  width  of  the  bone 
at  this  level,  its  flattened  shape,  the  diminution  in  its  strength  resulting 
from  the  presence  of  the  olecranon  and  coronoid  fossae  and  the  superficial 
position  of  the  condyles,  renders  the  comparative  frequency  of  fractures 
of  this  extremity  of  the  bone  in  no  way  a  matter  for  surprise. 

The  internal  condyle  or  epitrochlea,  owing  to  its  prominent  position  at 
the  inner  aspect  of  the  elbow,  is  liable  to  become  detached,  and  sub- 
sequently to  be  displaced  downwards  and  forwards  by  the  flexor 
muscles  of  the  forearm.  In  some  cases  the  condyle  is  detached  at  the 
epiphysary  line  which  connects  it  with  the  shaft  (fig.  79).  The  ulnar 
nerve,  from  its  close  proximity  to  the  bone,  runs  great  risk  of  being 
injured  in  a  case  of  this  kind. 

A  more  extensive  fracture,  limited  to  the  inner  part  of  the  lower 
extremity  of  the  humerus,  is  that  which,  starting  from  the  internal  supra- 
condyloid  ridge,  descends  obliquely  downwards  and  outwards  through 
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the  olecranon  and  coronoid  fossae  and  through  the  troehlea  into  the 
cavity  of  the  elbow-joint.  Such  a  fracture  is  usually  caused  by  direct 
violence,  and  a  not  infrequent  accompanying  displacement  is  that  in 
which  the  detached  fragment  together  with  the  ulna  rises  above  its 
normal  level  ;  this  is  accompanied  by  a  certain  degree  of  inward  de- 
flection of  the  forearm,  in  consequence  of  which  the  obtuse  angle  which 
it  forms  externally  with  the  arm  is  obliterated.  Such  a  displacement 
is  calculated  to  interfere  seriously  with  the  function  of  the  limb.  With 
the  normal  outward  deflection  of  the  forearm  a  heavy  object  carried 
in  the  hand  is  held  sufficiently  away  from  the  thigh  to  prevent  any 
interference  with  locomotion,  but  when  the  angle  is  obliterated  the 
'carrying  function'  (Fowler)  of  the  limb  may  be  seriously  impaired. 
In  the  adjustment  of  this  fracture  and  in  the  application  of  splints  to 
the  limb  care  should  be  taken  therefore  to  avoid  excessive  inward 
deflection  of  the  forearm. 

The  external  condyle  or  epicondyle,  owing  to  its  small  size  and  slight 
degree  of  projection,  is  seldom  detached  by  itself,  a  more  common  fracture 
being  that  which  extends  from  the  lower  part  of  the  external  supra- 
condyloid  ridge  into  the  elbow-joint  through  the  capitellum,  or  between 
this  and  the  troehlea.  It  has  been  stated  that  the  lesion  is  capable  of 
being  caused  by  a  fall  on  the  palm  of  the  hand,  the  force  acting  through 
the  head  of  the  radius  ;  the  most  usual  cause,  however,  is  probably  direct 
violence  applied  to  the  elbow. 

A  transverse  fracture  above  the  condyles  has  been  referred  to  in  con- 
junction with  fractures  of  the  shaft  of  the  humerus  (p.  275).  The  so- 
called  T '-shaped  fracture  of  the  lower  extremity  of  the,  humerus  is  one 
in  which,  in  addition  to  a  transverse  fracture,  another  extends  downwards 
through  the  lower  fragment  into  the  elbow-joint. 

Separation  of  the  Lower  Epiphysis  of  the  Humerus. — An  account 
of  the  ossification  of  the  lower  extremity  of  the  humerus  has  already 
been  given,  and  will  be  found  on  p.  277.  Separation  of  this  lower 
epiphysis  may  take  place  before  the  sixteenth  or  seventeenth  year.  The 
detached  fragment  usually  includes  the  troehlea,  the  capitellum,  and  the 
external  condyle  (fig.  79).  The  internal  condyle,  which  has  a  separate 
centre  of  ossification,  remains  independent  of  the  epiphysis  proper.  The 
displacement  most  commonly  observed  is  that  in  which  the  epiphysis 
is  carried  backwards  with  the  bones  of  the  forearm,  the  deformity  some- 
what resembling  dislocation  of  both  bones  of  the  forearm  backwards. 
The  difficulty  in  effecting  reduction  is  usually  very  great,  as  is  also 
the  proper  maintenance  of  the  parts  in  apposition  subsequently.  With  a 
view  to  overcome  this  latter  part  of  the  difficulty  it  has  been  proposed  by 
Mr  Jonathan  Hutchinson,  jun.  to  keep  the  forearm  in  full  flexion  upon 
the  arm  while  consolidation  is  taking  place. 

Fracture  of  the  Olecranon  Process  of  the  Ulna,  as  might  be  ex- 
pected on  a  priori  grounds,  is  a  fairly  common  lesion.  The  site  of  the 
fracture  varies  ;  it  may  lie  near  the  extremity  of  the  process  or  may  cross 
it  lower  down,  where  it  becomes  somewhat  constricted  before  joining  the 
shaft.  The  cause  of  the  fracture  is,  as  a  rule,  direct  violence,  the  in- 
dividual falling  upon  the  '  point '  of  the  elbow.  It  has  been  stated  also- 
that  muscular  action  plays  an  important  part  in  producing  the  fracture, 
as  the  triceps  muscle  is  probably  in  a  state  of  strong  contraction  at  the 
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time  of  the  fall,  and  a  great  strain  consequently  is  thrown  upon  the  bone. 
Muscular  action  alone,  however,  may  cause  a  fracture,  the  detached  frag- 
ment in  such  cases  usually  being  a  small  scale  of  bone  bearing  the 
triceps  insertion  or  the  olecranon  epiphysis.  The  tendency  of  this 
muscle,  in  all  fractures  involving  the  olecranon,  is  to  draw  the  detached 
fragment  upwards,  but,  in  this,  its  action  is  opposed  by  the  lateral 
tendinous  expansions  which  invest  the  sides  of  the  bone,  and  by  the  in- 
ternal lateral  ligament  of  the  elbow-joint,  which  often  remains  untorn. 
As  the  bond  of  union  is  invariably  fibrous,  and  as  the  fracture  is  apt  to 
be  followed  by  considerable  disability  as  regards  the  power  of  active 
extension  of  the  forearm,  especially  where  displacement  has  not  been 
corrected  immediately  after  the  injury,  it  has  become  a  favourite  practice 
at  the  present  day  to  fully  expose  the  site  of  fracture,  to  free  the  elbow- 
joint  of  blood  clot,  and  wire  the  fragment  into  position  as  soon  as  possible 
after  the  occurrence  of  the  fracture. 

Excision  of  the  Elbow. — This  operation,  which  entails  the  removal 
of  the  articular  extremities  of  the  bones  entering  into  the  constitution  of 
the  elbow-joint,  is  sometimes  required  in  cases  of  disease,  especially 
tubercular  arthritis,  or  for  the  purpose  of  securing  a  useful  range  of 
motion  at  the  elbow  when  ankylosis  has  occurred  as  a  sequela  of  frac- 
ture of  the  lower  articular  extremity  of  the  humerus,  also  in  mal-united 
fractures  or  old  unreduced  dislocations.  Access  to  the  joint  is  obtained 
most  easily  from  behind,  where  its  coverings  are  thin  and  the  articular 
extremities  of  the  bones  comparatively  superficial. 

The  most  usual  mode  of  approach  to  the  joint  is  by  a  single  straight 
incision  (Parke)  about  four  inches  in  length,  with  its  centre  at  the  tip 
of  the  olecranon.  The  upper  half  of  this  incision  splits  the  triceps 
tendon  vertically  and  penetrates  the  joint  cavity,  the  lower  or  distal 
half  descends  along  the  triangular  subcutaneous  area  of  the  olecranon 
and  ends  upon  the  posterior  border  of  the  shaft  of  the  ulna.  The  next 
step  consists  in  peeling  the  tissues  off  the  bones  as  cleanly  as  possible. 
The  ulnar  nerve,  which  lies  behind  the  internal  condyle,  is  carefully 
manipulated  out  of  its  bony  groove  at  the  same  time  that  the  flexor 
carpi  ulnaris  and  the  common  origin  of  the  flexor  muscles  are  separated 
from  the  condyle.  The  structures  detached  from  the  outer  aspect  of  the 
elbow  include  the  anconeus,  the  outer  half  of  the  triceps,  and  the  com- 
mon origin  of  the  extensor  muscles  from  the  external  condyle.  The 
lower  extremity  of  the  humerus,  thoroughly  denuded  of  its  coverings,  is 
forcibly  protruded  and  divided  transversely  with  a  saw.  The  level  of 
the  section,  depending  upon  the  circumstances  of  the  case,  may  be 
below  the  condyles,  it  may  pass  through  these  or  traverse  the  bone 
at  a  slightly  higher  level.  The  articular  extremities  of  the  ulna  and 
radius  are  next  protruded.  In  the  process  of  stripping  the  tissues 
from  the  radius,  the  supinator  brevis  muscle  may  require  to  be 
separated  to  some  extent  from  the  neck  of  the  bone,  and  in  doing  so  the 
close  proximity  of  the  posterior  interosseous  nerve  should  not  be  for- 
gotten. The  line  of  bone  section  passes  through  the  base  of  the 
olecranon,  the  coronoid  process  of  the  ulna,  and  the  head  of  the  radius. 
Sometimes  the  olecranon  is  the  only  part  removed  in  this  lower 
section,  it  being  desired  to  preserve  the  superior  radio-ulnar  articulation, 
with  a  view  to  secure  a  good  range  of  pronation  and  supination  sub- 
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sequently.     It  often  happens,  however,  that  this  joint  is  ankylosed  and 
incapable  of  resuming  its  normal  functions. 

Kocher's  Operation. — The  special  form  of  incision  recommended  by 
Kocher  in  resection  of  the  elbow  is  one  which  commences  over  the  lower 
part  of  the  external  supracondyloid  ridge  of  the  humerus,  one  and  a  half 
to  two  inches  above  the  level  of  the  joint,  and  extends  downwards 
between  the  triceps  behind,  the  supinator  longus  and  the  radial  extensor 
muscles  in  front,  across  the  external  condyle  and  the  humero-radial 
articulation  to  the  outer  border  of  the  anconeus,  which  it  follows  to  the 
posterior  margin  of  the  ulna,  and  terminates  slightly  to  the  inner  side  of 
this.  The  upper  part  of  this  incision  consequently  is  straight,  the  lower 
part  curves  inwards  across  the  ulna,  and  it  has  the  merit  of  not  dividing 
any  muscle  tissue  nor  any  nerve  of  importance.  The  soft  tissues  are  now 
reflected  from  the  back  of  the  joint.  This  part  of  the  procedure  includes 
the  separation  of  the  triceps  and  the  periosteum  from  the  humerus,  the 
attachment  of  the  anconeus  to  the  ulna,  and  the  insertion  of  the  triceps 
into  the  olecranon.  On  the  outer  aspect  of  the  joint  the  external  lateral 
ligament  is  divided  and  the  extensor  muscles  are  detached  from  the 
external  condyle,  after  which  the  bones  of  forearm  are  luxated  outwards 
and  the  elbow-joint  fully  exposed.  This  enables  the  operator  to  reach 
the  internal  lateral  ligament  from  inside  the  articulation,  and  to  detach 
it  from  the  olecranon  and  coronoid  processes  of  the  ulna  and  from  the 
internal  condyle  of  the  humerus,  together  with  the  muscles  which  are 
attached  to  the  latter.  The  sawing  off  of  the  articular  ends  of  the  bones 
completes  the  operation. 

THE  FOREARM. 

Topography  and  Superficial  Anatomy. — The  external  configuration 
of  the  forearm  varies  with  the  particular  attitude  it  assumes  ;  for  the 
purposes  of  descriptive  anatomy,  however,  it  is  usually  considered  in  the 
supine  position,  i.e.  the  palm  of  the  hand  looking  forwards,  and  the 
surfaces  of  the  forearm  respectively  forwards  and  backwards.  In  passing 
from  this  attitude  to  that  of  full  pronation,  the  lower  extremity  of  the 
radius,  carrying  the  hand  with  it,  revolves  around  the  head  of  the  ulna  in 
such  a  way  that  the  surfaces  of  the  forearm  become  reversed,  the  anterior 
surface  facing  posteriorly,  and  vice  versa.  The  intermediate  position  of 
the  forearm,  viz.,  mid-pronation,  is  the  one  of  greatest  ease  to  the  limb, 
and  that  which  it  naturally  assumes  when  it  hangs  dependent  by  the 
side,  or  when  it  is  supported  in  a  sling. 

When  the  forearm  is  examined  in  the  fully  supine  position  it 
presents  somewhat  the  appearance  of  a  cone,  flattened  from  before 
backwards,  and  tapering  as  it  approaches  the  wrist.  The  increase  in 
its  transverse  diameter  as  it  approaches  the  elbow  is  caused  by  the 
masses  of  muscle  which  arise  from  the  condyles  of  the  'humerus  and 
exceed  the  lateral  margins  of  the  bones  on  either  side  for  a  considerable 
distance,  concealing  their  outlines  and  rendering  their  palpation  a  matter 
of  difficulty.  The  diminution  in  the  bulk  of  the  lower  half  of  the  forearm 
coincides  with  the  transition  of  the  fleshy  portions  of  the  muscles  into 
their  respective  tendons ;  the  bones  now  become  more  superficial  and 
their  contour  is  more  readily  defined. 
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In  muscular  limbs  the  surfaces  of  the  forearm  present  a  series  of 
elevations,  separated  by  linear  depressions  which  correspond  respectively 
to  the  subjacent  muscles  and  the  interstices  or  intervening  fascial  septa 
by  which  they  are  separated.  In  children,  however,  and  in  females,  the 
muscular  element  is  but  slightly  in  evidence,  but  on  account  of  the 
greater  development  of  the  subcutaneous  fatty  tissue  which  usually 
exists  in  these,  the  general  surface  of  the  forearm  presents  a  more 
uniform  aspect  and  its  contour  is  more  nearly  cylindrical. 

In  a  well  developed  muscular  subject  the  anterior  surface  of  the 
forearm  is  traversed  by  a  shallow  furrow,  which,  commencing  above  at 
the  level  of  the  biceps  tendon,  inclines  outwards  slightly  as  it  descends 
to  its  termination  a  little  to  the  inner  side  of  the  radial  styloid  ;  it 
indicates  the  line  of  separation  between  the  supinator  longus  and  the 
radial  extensors  on  the  outer  side,  and  the  pronator  radii  teres  with  the 
flexor  muscles  on  the  inner  side,  and  corresponds  to  the  direction  of  the 
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FIG.  84. — The  outer  aspect  of  the  arm  and  the  back  of  the  forearm. 

radial  artery.  The  pulsations  of  the  vessel  are  quite  distinct  in  the 
lower  part  of  this  radial  sulcus,  and  constitute  what  is  known  in 
familiar  language  as  the  '  pulse  at  the  wrist,'  the  facility  with  which  this 
is  felt  depending  upon  the  superficial  position  of  the  artery  and  its  close 
proximity  to  the  bone.  By  forcibly  flexing  the  wrist,  certain  of  the 
tendons  of  the  forearm  muscles  become  unusually  distinct,  especially  those 
of  the  flexor  carpi  radialis  and  the  palmaris  longus  (fig.  77).  The  radial 
vessels  lie  outside  the  former,  the  median  nerve  beneath  the  latter,  in 
the  interval  between  the  flexor  carpi  radialis  and  the  flexor  sublimis 
digitorum.  The  flexor  carpi  ulnaris  muscle  lies  nearest  the  inner  border 
of  the  forearm,  and  the  ulnar  vessels  and  nerve  occupy  the  groove 
immediately  to  its  outer  side,  which  is  most  distinct  in  the  vicinity  of 
the  wrist,  where  the  pulsations  of  the  artery  are  sometimes  visible. 

The  skin  covering  the  front  of  the  forearm  is  thin  and  delicate, 
allowing  the  superficial  veins  to  appear  with  great  distinctness  as  they 
stream  from  the  back  to  the  front  of  the  limb  on  their  way  to  the 
elbow,  where  their  arrangement  has  been  already  studied. 

The  posterior  aspect  of  the  forearm  (fig.  84)  is  narrower  than  the 
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anterior,  but  its  contour  is  more  rounded.  It  is  limited  internally  by  the 
subcutaneous  ridge  of  the  ulna,  which  can  be  distinctly  followed  as  a 
slightly  sinuous  line  from  the  olecranon  to  the  styloid  process  at  the 
head  of  the  bone.  Externally  its  limit  is  less  distinct,  being  formed 
by  the  outer  border  of  the  radius,  which  in  the  lower  half  of  the  forearm 
is  easily  made  out  owing  to  its  superficial  position,  but  in  the  upper  half  is 
obscured  by  the  overlying  muscles  ;  its  direction,  nevertheless,  is  indicated 
fairly  distinctly  in  muscular  limbs  by  the  linear  sulcus  which  separates 
the  supinator  longus  and  the  radial  extensor  muscles  from  the  extensor 
communis  digitorum  (fig.  84).  When  the  muscles  on  this  aspect  of  the 
forearm  are  thrown  into  action  by  forcible  efforts  to  extend  the  wrist, 
their  outlines  stand  out  with  great  clearness  beneath  the  skin. 

The  extensor  muscles  of  the  thumb,  which  cross  the  outer  border 
of  the  radius  obliquely  below  its  centre,  form  a  soft  rounded  projection, 
which  sometimes  conveys  a  peculiar  crackling  sensation  to  the  ex- 
amining finger  when  their  tendon  sheaths  are  inflamed,  the  condition 
being  known  as  crepitating  teno-synovitis.  The  skin  which  covers  the 
posterior  aspect  and  the  radial  margin  of  the  forearm  is  thicker  than 
thatin  front  and  internally,  and  is  studded  with  short  hairs. 

The  subcutaneous  tissue  of  the  forearm  resembles  that  of  the  arm  with  which  it  is  con- 
tinuous, but  the  amount  of  fatty  tissue  which  it  contains  is  not  usually  very  great.  It  is  traversed 
by  the  superficial  veins  and  lymphatics  and  by  the  ramifications  of  the  sensory  nerves  which 
supply  this  portion  of  the  limb.  These  nerves  are :  in  front  and  internally,  the  internal 
cutaneous  ;  in  front  and  externally,  the  musculo-cutaneous  ;  behind  and  internally,  the  internal 
cutaneous  ;  behind  and  externally,  the  lower  external  cutaneous  branch  of  the  musculo-spiral  and 
the  musculo-cutaneous  nerve. 

The  deep  fascia  of  the  forearm  forms  a  complete  investment  for  the  limb,  and  is  directly 
continuous  with  the  deep  fascia  of  the  arm  and  hand.  Along  the  back  of  the  forearm  it  is  strong, 
and  is  attached  above  to  the  olecranon  process  of  the  ulna  and  to  the  condyles  of  the  humerus, 
being  strengthened  at  this  level  by  the  reinforcement  which  it  derives  from  the  triceps  muscle. 
In  front  it  receives  the  expansion  from  the  tendon  of  the  biceps  which  is  known  as  the  bicipital 
fascia.  At  the  level  of  the  wrist  it  is  continuous  with  the  anterior  and  posterior  annular  ligaments, 
beneath  which  the  tendons  of  the  forearm  muscles  pass  to  the  hand.  By  its  deep  surface  the 
fascia  furnishes  attachment  to  several  of  the  muscles,  and  sends  septa  in  between  them  which  are 
attached  to  the  bones. 

The  Muscles  of  the  forearm  may  be  conveniently  divided  into  three  groups  : — (i)  anterior, 
(2)  antero-external,  and  (3)  posterior. 

1.  Anterior  group  of  muscles. — These  include  the  pronators  and  flexors  which  take  origin 
from  the  internal  condyle  of  the  humerus  and  are  divisible  into  a  superficial  and  a  deep  set. 
The  superficial  muscles,  proceeding  from  without  inwards,  are  the  pronator  radii  teres,  flexor 
carpi  radialis,  palmaris  longus,  flexor  sublimis  digitorum,  and  the  flexor  carpi  ulnaris.     The  deep 
set  include  the  flexor  profundus  digitorum,  the  flexor  longus  pollicis,  and  to  these  may  be  added 
the  pronator  quadratus. 

Nerves. — The  flexor  carpi  ulnaris  and  the  inner  half  of  the  flexor  profundus  digitorum  are 
supplied  by  the  ulnar  nerve,  the  remaining  muscles  just  enumerated  are  supplied  by  the  median 
nerve  and  its  anterior  interosseous  branch.  The  median  nerve  lies  between  the  superficial  and 
the  deep  group  of  muscles,  its  direction  corresponding  closely  with  the  central  axis  of  the  limb. 
The  ulnar  nerve  enters  the  forearm  between  the  two  heads  of  the  flexor  carpi  ulnaris,  and 
descends  almost  in  a  straight  line  from  the  back  of  the  internal  condyle  of  the  humerus  to  the 
radial  border  of  the  pisiform  bone. 

2.  Antero-exlemal group  of  muscles. — These  spring  from  the  external  condyle  and  from  the 
external  supracondyloid  ridge  of  the  humerus  and  include  the  supinator  longus,   the  extensor 
carpi  radialis  longior,  and  the  extensor  carpi  radialis  brevior.     When  these  are  reflected  it  is  found 
that  the  upper  part  of  the  radial  shaft  over  which  they  lie  is  closely  invested  by  the  supinator 
brevis  muscle  (fig.  87). 

Nerves, — The  supinator  longus  and  the  extensor  carpi  radialis  longior  are  supplied  by  the 
musculo-spiral  nerve  before  it  divides  ;  the  extensor  carpi  radialis  brevior  and  the  supinator 
brevis  are  supplied  by  the  posterior  interosseous  branch  of  this  nerve. 

3.  Posterior  group  0f  musctes.— These  consist  of  a  superficial  and  a  deep  set.    The  superficial 
members  of  the  series  include  the  extensor  communis  digitorum,  the  extensor  minimi  digiti,  the 
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extensor  carpi  ulnaris,  and  the  anconeus  ;  the  deep  muscles  comprise  the  extensor  ossis  metacarpi 
pollicis,  the  extensor  brevis  pollicis,  the  extensor  longus  pollicis,  and  the  extensor  indicis. 

Nerves. — With  the  exception  of  a  minute  branch  of  the  musculo-spiral  nerve  which  supplies 
the  anconeus,  the  posterior  interosseous  nerve,  one  of  the  terminal  branches  of  the  musculo-spiral, 
supplies  all  the  muscles  belonging  to  the  posterior  group.  It  descends  between  the  superficial 
and  deep  set,  accompanied  by  the  posterior  interosseous  artery.  The  antero-external  and 
posterior  muscles  include  the  supinators  and  extensors  of  the  forearm  and  hand. 

The  Arteries  of  the  forearm. — The  ulnar  artery  is  the  larger  of  the  two  terminal  branches 
of  the  brachial.  From  its  origin  midway  between  the  two  condyles  of  the  humerus  it  descends 
through  the  forearm,  and  crosses  the  anterior  annular  ligament  in  front  of  the  wrist  where  it 
lies  to  the  radial  side  of  the  pisiform  bone.  In  the  first  part  of  its  course,  viz.,  in  the  upper  third 
of  the  forearm,  it  is  deeply  placed  between  the  superficial  and  deep  flexor  muscles  and  describes  a 
curve,  the  convexity  of  which  is  directed  inwards.  It  is  crossed  by  the  pronator  radii  teres,  flexor 
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FIG.  85. — Transverse  section  through  the  middle  of  the  forearm.  Note  the  three  groups  of 
muscles  described  in  the  text :  (a)  the  pronator  radii  teres  and  flexors  in  front  and  internally  ; 
(6)  the  supinator  longus  and  radial  extensors  externally  ;  (c)  the  extensors  behind.  The 
relative  positions  of  the  ulnar,  radial,  and  anterior  interosseous  arteries  are  clearly  seen. 
The  ulna  and  radius  correspond  closely  in  size  at  this  level ;  the  radius,  however,  is  more 
completely  concealed  by  muscles.  Observe  the  tendon  of  the  pronator  radii  teres  muscle  in 
immediate  contact  with  the  outer  border  of  this  bone.  The  median  nerve,  with  its  small 
companion  artery,  lies  between  the  superficial  and  deep  flexor  muscles. 

carpi  radialis,  palmaris  longus,  and  flexor  sublimis  digitorum  muscles,  and  lies  upon  the  flexor 
profundus  digitorum.  Close  to  its  origin  it  is  crossed  by  the  median  nerve,  the  deep  head  of  the 
pronator  radii  teres,  however,  intervening.  In  the  lower  two-thirds  of  the  forearm  the  course  of 
the  artery  is  quite  straight  ;  it  lies  upon  the  flexor  profundus  digitorum,  between  the  flexor  carpi 
ulnaris  on  the  inside,  the  flexor  sublimis  digitorum  on  the  outside,  and  gradually  becomes  more 
superficial  as  it  approaches  the  wrist.  In  this  part  of  its  course,  too,  it  is  closely  accompanied  by 
the  ulnar  nerve,  which  lies  along  its  inner  side.  In  the  upper  third  of  the  forearm  the  nerve  is 
separated  from  the  artery  by  a  triangular  interval,  the  base  of  which  corresponds  to  a  line  con- 
necting the  centre  of  the  bend  of  the  elbow  with  the  internal  condyle  of  the  humerus.  The 
artery  is  accompanied  by  two  venae  comites,  which  communicate  by  numerous  cross  branches. 

The  following  are  the  principal  branches  of  the  artery  in  the  forearm  :— (i)  The  anterior 
ulnar  recurrent  artery .  (2)  The  posterior  ulnar  recurrent  artery.  Both  have  been  referred  to 
above  in  the  description  of  the  antecubital  fossa  and  the  anastomoses  around  the  elbow-joint.  (3) 
The  common  interosseous  attery.  This  vessel  springs  from  the  ulnar  close  to  its  origin  and 
divides  after  a  short  course  into  two  branches,  viz.,  anterior  and  posterior  interosseous  arteries. 
(a)  The  anterior  interosseous  artery  descends  in  immediate  contact  with  the  interosseous 
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membrane,  accompanied  by  its  two  venae  comites  and  by  the  anterior  interosseous  nerve,  a  branch 
of  the  median,  and  is  overlapped  by  the  contiguous  margins  of  the  flexor  profundus  digitorumi 
and  flexor  longus  pollicis  muscles.  Opposite  the  upper  border  of  the  pronator  quadratus  muscle 
the  artery  passes  backwards  through  the  interosseous  membrane,  and  descends  beneath  the 
extensor  muscles  to  the  back  of  the  wrist,  where  it  anastomoses  with  the  posterior  carpal  arch. 
Before  it  pierces  the  inlerosseous  membrane  it  sends  a  branch  downwards  beneath  the  pronator 
quadratus  to  the  front  of  the  wrist  to  anastomose  with  the  anterior  carpal  arch.  Almost  immedi- 
ately after  having  pierced  the  interosseous  membrane  it  anastomoses  with  the  terminal  portion  of 
the  posterior  interosseous  artery.  It  gives  numerous  branches  to  the  deep  muscles  of  the  forearm, 
and  the  principal  nutrient  vessels  which  supply  the  radius  and  ulna.  Sometimes  it  attains  consider- 
able dimensions,  (d)  The  posterior  interosseous  artery  reaches  the  back  of  the  forearm  by  passing 
backwards  between  the  interosseous  membrane  and  the  oblique  ligament,  it  then  passes  between 
the  contiguous  margins  of  the  supinator  brevis  and  extensor  ossis  metacarpi  pollicis,  and  gains 
the  interval  between  the  superficial  and  deep  extensor  muscles.  As  it  descends  between  these 
it  quickly  diminishes  in  size,  and  terminates  at  the  lower  part  of  the  forearm  by  anastomosing  with 
the  anterior  interosseous  artery.  Its  principal  branch  is  the  interosseotts  recurrent  artery  which, 
passes  upwards  between  the  anconeus  and  the  supinator  brevis  muscles  and  anastomoses  behind 
the  external  condyle  of  the  humerus  with  the  posterior  branch  of  the  superior  profunda  artery. 
(4)  The  anterior  ulnar  carpal.  This  is  a  small  vessel  which  springs  from  the  ulnar  immediately 
above  the  wrist.  It  passes  outwards  in  front  of  the  carpus  and  beneath  the  flexor  tendons  to- 
anastomose  with  a  corresponding  branch  from  the  radial  artery  and  to  complete  the  anterior 
carpal  arch.  (5)  The  posterior  ulnar  carpal.  This  vessel  also  is  of  small  size  ;  it  passes  inwards 
and  backwards  beneath  the  tendon  of  the  flexor  carpi  ulnaris  muscle  to  the  back  of  the  carpus, 
where  it  anastomoses  with  the  posterior  carpal  branch  of  the  radial  artery  forming  the  posterior 
carpal  arch. 

The  Radial  Artery  takes  a  fairly  straight  course  through  the  forearm.  As  it  descends  it 
gradually  inclines  outwards,  and  having  reached  a  point  to  the  inner  side  of  the  radial  styloidi 
process  it  enters  upon  its  second  or  carpal  stage  by  passing  backwards  beneath  the  extensor 
tendons  of  the  thumb.  At  first  it  lies  between  the  supinator  longus  and  the  pronator  radii  teres- 
muscles,  but  in  the  lower  half  of  the  forearm  it  is  between  the  supinator  longus  and  the  flexor  carpi 
radialis  muscles.  With  the  exception  of  its  upper  segment,  which  is  overlapped  by  the  fleshy 
part  of  the  supinator  longus,  the  artery  occupies  a  superficial  position.  It  is  accompanied 
throughout  its  course  by  two  venae  comites,  but  the  radial  nerve  is  associated  with  it  only  in  the 
middle  third  of  the  forearm,  lying  to  its  outer  side.  In  the  upper  third  the  nerve  gradually 
approaches  the  artery,  but  leaves  it  again  in  the  lower  third  by  passing  backwards  beneath  the 
tendon  of  the  supinator  longus  muscle. 

The  following  are  the  principal  branches  of  the  radial  artery  in  the  forearm  : — (i)  The  radial 
recurrent  artery. — This  vessel  springs  from  the  radial  near  its  origin  ;  it  passes  outwards  upon  the 
supinator  brevis,  and  then  upwards  between  the  brachialis  anticus  and  the  supinator  longus,  and 
anastomoses  with  the  superior  profunda  artery  in  front  of  the  external  condyle  of  the  humerus.. 
(2)  The  anterior  radial  carpal. — This  small  branch  leaves  the  radial  Opposite  the  lower  border  of 
the  pronator  quadratus  muscle,  and  passes  inwards  beneath  the  flexor  tendons,  to  anastomose 
with  the  anterior  carpal  branch  of  the  ulnar  artery.  (3)  The  arteria  superficialis  voles  is  given 
off  just  before  the  radial  enters  upon  its  second  stage.  It  is  directed  ever  or  through  the  muscles 
of  the  thenar  eminence,  and  completes  the  superficial  palmar  arch  by  anastomosing  with  the 
superficial  branch  of  the  ulnar  artery. 

Ligature  of  the  Ulnar  Artery. — Ligature  of  the  arteries  of  the  fore- 
arm may  be  required  in  the  case  of  wounds  in  which  they  are  divided, 
and  it  will  be  necessary  to  ligature  both  ends  of  the  divided  vessel  owing 
to  the  great  freedom  of  the  anastomosing  circulation.  This  vessel  may 
also  require  a  ligature  for  wounds  of  the  palmar  arches,  and  in  cases  of 
traumatic  or  spontaneous  aneurysm. 

The  ulnar  artery  is  usually  secured  either  in  the  vicinity  of  the  wrist 
or  near  the  junction  of  the  upper  and  middle  thirds  of  the  forearm,  where 
its  curved  and  vertical  stages  meet.  The  course  of  the  artery  in  its 
lower  two-thirds  will  be  indicated  by  a  line  drawn  from  the  front  of  the 
internal  condyle  of  the  humerus  to  the  radial  border  of  the  pisiform  bone,, 
the  forearm  being  fully  supinated.  The  direction  of  the  upper  third  of 
the  artery  will  be  represented  by  a  slightly  curved  line,  commencing  one 
inch  below  the  bend  of  the  elbow  at  the  centre  of  the  limb,  and  extend- 
ing inwards  to  meet  the  vertical  line  just  indicated  at  the  junction  of  the 
upper  and  middle  thirds  of  the  forearm. 
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1.  Ligature  of  the  ulnar  artery  in  the  upper  part  of  the  forearm. — 
While  the  forearm  is  fully  supinated,  an  incision  two  inches  in  length  is 
made  in  the  line  of  the  artery,  commencing  a  hand's-breadth  below  the 
internal  condyle  of  the  humerus,  and  the  superficial  tissues  are  divided, 
care  being  taken  not  to  injure  the  anterior  ulnar  vein  and  a  branch  of 
the  internal  cutaneous  nerve  by  which  it  is  accompanied.     When  the 
deep  fascia  is  exposed  the  margins  of  the  wound  are  displaced  inwards, 
and  as  they  glide  backwards  to  their  normal  level  the  operator  seeks 
carefully  for  the  white  line  which  is  nearest  the  ulnar  margin  of  the 
limb,  as  it  indicates  the  cellular  interspace  which  separates  the  flexor 
carpi  ulnaris  from  the  flexor  sublimis  digitorum,  between  which  muscles 
the  artery  lies  (Lisfranc).    The  deep  fascia  is  divided  along  this  line,  and 
while  the  wrist  is  fully  flexed,  the  flexor  carpi  ulnaris  is  drawn  inwards, 
the  flexor  sublimis  digitorum  outwards.     The  artery  will  be  found  at  the 
bottom  of  the  wound  surrounded  by  its  venae  comites,  the  ulnar  nerve 
lying  to  its  inner  side. 

2.  Ligature  of  the  ulnar  artery   in   the  vicinity   of  the   wrist. — An 
incision  is  made  in  the  line  of  the  artery,  commencing  about  one  inch 
above  the  flexure  of  the  wrist.     The  superficial  tissues  are  divided,  and 
the  deep  fascia  is  incised  vertically,  as  before,  in   the  interval  which 
separates  the  flexor  carpi  ulnaris  from  the  flexor  sublimis  digitorum. 
The  artery  is  found  lying  upon  the  flexor  profundus  digitorum  with  its 
two  venae  comites  and  the  ulnar  nerve  as  before. 

The  venae  comites  are  closely  connected  with  the  arteries  of  the  fore- 
arm, and  both  may  be  ligatured  together  with  safety,  as  the  remaining 
venous  channels  are  more  than  adequate  for  the  requirements  of  the 
circulation.  The  possibility  of  the  ulnar  artery  taking  a  superficial  course 
in  the  forearm  must  not  be  forgotten.  Such  an  abnormality  is  some- 
times observed  when  the  brachial  artery  bifurcates  high  up  in  the  arm. 

Ligature  of  the  Radial  Artery  may  be  readily  performed  at  any 
point  of  its  course  in  the  forearm,  seeing  that,  unlike  the  ulnar,  it  is 
comparatively  superficial  from  its  origin  down  to  the  wrist.  Its  course 
will  be  indicated  in  the  supinated  limb  by  a  line  commencing  one  inch 
below  the  centre  of  the  bend  of  the  elbow  and  terminating  in  front  of 
the  wrist,  a  little  to  the  inner  side  of  the  radial  styloid,  viz.,  at  the  point 
where  the  pulse  is  felt. 

1.  Ligature  of  the  radial  artery  in  the  upper  third  of  the  forearm. — 
The  superficial  tissues  are  divided  in  the  line  of  the  artery,  care  being 
taken  in  doing  so  to  avoid,  if  possible,  the  radial  vein  and  the  main  branch 
of  the  musculo-cutaneous  nerve.    The  deep  fascia  is  divided  in  the  interval 
between  the  supinator  longus  and  the  pronator  radii  teres,  the  fibres  of  the 
former  being  recognised  by  their  vertical  direction,  those  of  the  latter  by 
their  oblique  direction  downwards  and  outwards.     The  interval  between 
the  muscles  may  be  distinguished  also  by  the  finger-tip  carried  along  the 
depth  of  the  wound.     The  supinator  longus  is  drawn  outwards  and  as  the 
wound  is  opened  up,  the  radial  artery,  with  its  venae  comites,  will  be 
found  lying  against  the  tendon  of  the  pronator  radii  teres,  the  radial 
nerve  to  its  outer  side  and  upon  a  slightly  deeper  plane. 

2.  Ligature  of  the  radial  artery  in  front  of  the  wrist  is  a  very  simple 
procedure,  owing  to  its  superficial  position  and  the  ease  with  which  its 
pulsation  can  be  detected  in  the  living.     An  incision  about  one  inch  in 
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length  is  made  through  the  superficial  tissues  overlying  the  artery,  mid- 
way between  the  outer  border  of  the  radius  and  the  tendon  of  the  flexor 
•carpi  radialis,  and  the  vessel  is  exposed  as  it  lies  upon  the  pronator 
quadratus  muscle.  It  is  to  be  noted  that  the  radial  artery,  like  the  ulnar, 
occasionally  takes  a  superficial  course  in  the  forearm  immediately  beneath 
the  skin. 

Abscesses  of  the  Forearm  may  be  classified  in  two  groups,  superficial 
and  deep.  Superficial  abscesses  are  situated  between  the  skin  and  the 
deep  fascia,  and  are  not  uncommonly  the  result  of  a  diffuse  cellulitis, 
such  as  is  sometimes  observed  to  follow  suppurative  inflammation  of  the 
olecranon  bursa,  the  diffusion  of  the  process  being  greatly  facilitated  by 
the  laxity  of  the  subcutaneous  tissue.  Such  abscesses  are  best  evacuated 
by  vertical  incisions  directed  along  the  anterior  or  posterior  aspect  of  the 
limb.  These  may  be  made  with  safety  over  the  entire  posterior  surface, 
along  the  ulnar  and  radial  borders,  and  near  the  middle  line  of  the  fore- 
arm below  and  in  front,  thus  avoiding  the  lines  of  the  radial  and  ulnar 
arteries.  Deep  abscesses  of  the  forearm,  in  the  great  majority  of  cases,  are 
secondary  to  suppuration  originating  in  the  palm  of  the  hand,  the  process 
spreading  upwards  along  the  sheaths  of  the  flexor  tendons,  beneath  the 
anterior  annular  ligament.  They  will  be  alluded  to  again  in  connection 
with  the  applied  anatomy  of  the  wrist  and  hand. 

The  Bones  of  the  Forearm. — The  radius  and  the  ulna  constitute  the 
skeleton  of  the  forearm,  and  contrast  with  each  other  in  certain  important 
particulars.  The  ulna  is  most  massive  at  its  upper  extremity,  and  is 
securely  connected  with  the  humerus  ;  in  fact,  so  far  as  the  forearm  is  con- 
cerned, this  bone  alone  is  essential  to  the  articulation  of  the  elbow,  enabling 
it  to  execute  its  movements  of  flexion  and  extension.  'As  it  is  followed 
downwards  to  its  lower  extremity  it  gradually  tapers  ;  at  the  wrist  it  is  com- 
paratively slender,  and  plays  but  a  small  part  in  the  structure  of  the  wrist- 
joint.  The  radius,  on  the  other  hand,  is  weakest  at  its  upper  extremity,  its 
articulation  with  the  humerus  is  merely  one  of  contact,  and  its  presence 
is  not  essential  for  the  movements  of  the  elbow-joint.  Towards  its  lower 
extremity  its  dimensions  increase,  the  bone  presenting  here  an  extensive 
surface  for  articulation  with  the  scaphoid  and  semilunar  bones  of  the 
carpus.  Through  this  articulation  the  radius  establishes  a  close  connec- 
tion with  the  hand,  and  to  a  large  extent  directs  its  various  movements. 
Although  the  strength  of  the  bones  near  their  articular  extremities  is 
necessarily  very  unequal  when  these  are  compared  with  each  other, 
yet  at  the  middle  of  the  forearm  their  dimensions  closely  correspond,  and 
both  are  equally  strong.  When  the  forearm  is  in  the  supine  position  the 
radius  and  ulna  enclose  an  elongated  elliptical  space,  which  is  occupied, 
in  the  recent  state,  by  the  interosseous  membrane,  and  attains  its  greatest 
width  at  the  centre  of  the  forearm.  In  the  movement  of  pronation, 
however,  the  space  becomes  gradually  narrower,  until  eventually  the  two 
bones  come  directly  into  contact  with  each  other,  the  radius  overlying 
the  ulna. 

The  ligamentous  connections  of  the  Radius  and  Ulna. — These  consist  of  the  ligaments 
proger  of  the  superior  and  the  inferior  radio-ulnar  joints  and  the  ligaments  which  are  accessory 
to  these,  viz. ,  the  oblique  ligament  and  the  interosseous  membrane. 

The  superior  radio-ulnar  joint  has  been  reviewed  already  in  connection  with  the  anatomy 
of  the  elbow.  The  articulation  is  formed  between  the  smooth  articular  rim  which  surrounds  the 
head  of  the  radius  and  the  lesser  sigmoid  cavity  of  the  ulna  together  with  the  orbicular  ligament. 
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By  its  lower  border  the  orbicular  ligament  grasps  the  neck  of  the  radius  beneath  its  articular 
margin.  The  upper  border  of  the  ligament  is  intimately  connected  with  the  anterior,  external, 
and  posterior  ligaments  of  the  elbow-joint. 

The  inferior  radio-ulnar  joint  consists  of  two  parts :  (a)  the  articulation  between  the  sigmoid 
acet  on  the  inner  aspect  of  the  lower  extremity  of  the  radius  and  the  head  of  the  ulna  ;  (i>)  the 
articulation  between  the  head  of  the  ulna  and  the  triangular  fibre-cartilage  of  the  wrist.  The 
fibro-cartilage  is  attached  by  its  base  to  the  inner  margin  of  the  lower  extremity  of  the  radius 
between  its  ulnar  and  carpal  facets  ;  by  its  apex  it  is  attached  to  a  small  pit  at  the  base  of  the 
styloid  process  of  the  ulna.  It  separates  the  cavity  of  the  inferior  radio-ulnar  joint  from  that  of 
the  wrist,  and  helps  to  bind  the  bonesltogether. 

The  anterior  and  posterior  radio-ulnar  ligaments  are  weak  ;  they  extend  from  the  respective 
margins  of  the  sigmoid  cavity  of  the  radius  to  the  lower  extremity  ot  the  ulna  and  the  triangular 
fibro-cartilage.  The  lower  thickened  part  of  the  interosseous  membrane  abuts  upon  the 
articulation  and  closes  it  above.  The  synovial  membrane  which  lines  the  joint  cavity  is  very 
loose  and  in  consequence  has  received  the  name  of  membrana  sacciformis. 

The  interosseous  membrane  is  made  up  of  closely  arranged  pearly  white  fibres,  the 
general  direction  of  which  is  from  above  downwards  and  inwards  from  the  radius  to  the  ulna.  It 


FIG.  86. — The  epiphyses  of  the  radius  and  ulna. 

extends  from  a  point  about  one  inch  below  the  tuberosity  of  the  radius  to  the  inferior  radio-ulnar 
articulation,  it  is  stronger  below  than  above,  and  is  widest  at  the  centre  of  the  forearm.  The 
structures  immediately  related  to  it  in  front  are,  the  flexor  profundus  digitorum,  flexor  longus 
pollicis,  and  pronator  quadratus  muscles,  the  anterior  interosseous  vessels  and  nerve.  The 
anterior  interosseous! artery,  however,  pierces  the  membrane  a  couple  of  inches  above  the  wrist, 
and  subsequently  runs  for  a  short  distance  in  contact  with  its  posterior  aspect.  The  structures 
related  to  the  membrane  behind  are,  the  supinator  brevis,  extensor  ossis  metacarpi  pollicis, 
extensor  brevis  pollicis,  extensor  longus  pollicis,  and  extensor  indicis  muscles,  also  the  terminal 
portion  of  the  anterior  interosseous  artery. 

The  oblique  ligament  connects  the  bones  above  the  interosseous  membrane  and  helps  to 
bound  a  small  triangular  space  through  which  the  posterior  interosseous  artery  passes  to  reach 
the  posterior  compartment  of  the  forearm.  The  fibres  of  the  ligament  extend  from  the  outer 
border  of  the  coronoid  process  of  the  ulna  downwards  and  outwards  to  the  lower  part  of  the 
bicipital  tuberosity  of  the  radius. 

In  the  alternate  movements  of  pronation  and  supination  the  head  of 
the  radius  rotates  in  its  articular  socket  at  the  superior  radio-ulnar 
joint  (diarthrosis  rotatoria\  and  its  lower  end  revolves  around  the  head 
of  the  ulna.  In  pronation  the  radial  shaft  comes  to  lie  across  that  of  .the 
ulna,  the  long  axis  of  the  two  bones  crossing  like  the  limbs  of  the  letter 
X.  This  movement  is  considerably  increased  in  range  by  inward  rotation 
of  the  humerus  at  the  shoulder-joint.  Partial  or  complete  inability  to 
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execute  these  movements  is  a  not  uncommon  result  of  injuries — fractures 
and  dislocations — affecting  the  bones  of  the  forearm  and  the  elbow-joint ; 
such  a  complication  is  necessarily  followed  by  very  serious  disability,  as 
it  greatly  interferes  with  the  performance  of  the  normal  functions  of  the 
hand  and  forearm. 

In  addition  to  serving  as  a  bond  of  union  between  the  bones,  the 
interosseous  membrane  provides  a  large  surface  for  muscular  attachment, 
and  owing  to  the  obliquity  of  its  fibres  downwards  and  inwards  from  the 
radius  to  the  ulna  it  helps  to  break  the  shock  of  falls  upon  the  hand,  and 
to  prevent  the  force  of  the  impact  being  transmitted  with  excessive  force 
to  the  capitellum. 


Biceps  M. 
Brachialis  Anticus  M.  _ 


Inner  Condyle  of  Humerus 

(Epitrochlea). 


Pronator  RadiiJTeres  M.    


Pronator  Quadratus  M. 


Ulnar  Styloid. 


Outer  Condyle  of  Humerus 

(Epicondyle). 
Head  of  Radius. 


_-.  Supinator  Brevis  M. 


Insertion  of  Pronator  Radii 

Teres  M. 


Radial  Styloid. 


FIG.  87. — Diagram  to  illustrate  the  attachments  of  the  pronator  radii  teres  and  supinator  brevis 
muscles  to  the  bones  of  the  forearm.  Note  the  manner  in  which  the  supinator  brevis  is 
folded  around  the  upper  portion  of]  the  radial  shaft.  The  action  of  these  muscles  in  causing 
displacement  in  cases  of  fracture  of  the  radius  is  seen  in  the  next  illustration  and  both 
should  be  studied  together. 

Fractures  of  the  Radius  and  Ulna. — Fracture  of  both  bones  is 
usually  caused  by  direct  violence,  and  the  seat  of  the  lesion  is  most 
commonly  in  the  middle  or  lower  third  of  the  forearm.  Although  these 
fractures  are  very  frequently  transverse  (transverse  dentate  fractures),  yet 
they  may  present  varying  degrees  of  obliquity,  and  they  possess  a  high 
degree  of  interest  owing  to  the  untoward  effects  which  may  follow 
through  limitation  of  the  movements  of  the  forearm  and  hand,  in  conse- 
quence of  union  taking  place  with  displacements  of  various  kinds. 
Displacement  through  overlapping  of  the  fragments  may  occur  when  the 
fractures  are  oblique ;  lateral  displacement  without  overlapping  is  more 
likely  when  the  fractures  are  transverse.  There  may  be  an  angular 
displacement  of  both  bones  in  the  same  direction,  forwards,  backwards,  or 
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to  either  side,  or  the  fragments  may  approximate  each  other  so  as  to 
obliterate  the  gap  between  the  two  bones,  and  if  these  be  broken  at  the 
same  level,  the  result  will  be  to  bring  the  four  broken  ends  together. 
Another  form  of  displacement  particularly  deserving  of  notice  is  that  of 
a  rotatory  character  and  confined  to  the  radius.  When  the  shaft  of  this 
bone  is  broken  above  the  insertion  of  the  pronator  radii  teres  muscle 
there  is  a  tendency  for  the  upper  fragment  to  be  drawn  forwards  and  fully 
supinated  by  the  biceps  and  supinator  brevis  muscles  (figs.  87  and  88), 
and  for  the  lower  fragment  to  assume  the  attitude  of  pronation,  being  im- 
pelled in  this  direction  by  the  two  pronator  muscles.  When  the  fracture 
is  situated  below  the  insertion  of  the  pronator  radii  teres,  the  upper  frag- 
ment tends  to  assume  the  attitude  of  mid-pronation,  and  the  lower 
fragment  to  incline  inwards  to  the  ulna  through  the  active  agency  of  the 
supinator  longus  and  the  pronator  quadratus  muscle  (fig.  88  B).  Fractures 
of  the  radial  shaft  which  unite  with  rotatory  displacement  seriously 
hamper  the  movements  of  the  forearm  and  hand.  The  lower  fragment 
feeing  in  the  attitude  of  pronation  and  the  upper  fully  supine,  it  follows 
that  the  power  of  supination  of  the  hand  in  such  cases  is  permanently 
lost ;  such  a  form  of  faulty  union  is  depicted  in  fig.  88  A. 

Incomplete  or  greenstick  fracture  of  the  bones  of  the  forearm  is 
•comparatively  common.  In  addition  to  partial  fracture,  the  bones 
undergo  a  variable  degree  of  bending,  the  result  of  which  is  an  angular 
deformity  of  the  forearm.  As  soon  as  the  nature  of  the  injury  is 
recognised,  the  deformity  should  be  overcome  by  forcibly  straightening 
the  limb,  the  forearm  being  grasped  in  the  two  hands  with  the  thumbs 
resting  against  the  projecting  angle  and  maintained  in  the  supine  posi- 
tion while  pressure  is  being  exerted.  Lateral  pressure  should  be  avoided 
if  possible,  as  it  tends  to  drive  the  bones  together  and  obliterate  the 
interosseous  space.  In  the  reduction  of  other  forms  of  displacement 
the  forearm  is  flexed,  and  while  it  is  maintained  in  the  supine  position 
extension  is  made  from  the  wrist,  an  assistant  meanwhile  making  counter 
extension  from  the  lower  part  of  the  arm. 

Fracture  of  the  shaft  of  the  ulna  alone  is  usually  of  the  transverse 
dentate  variety  and  caused  by  direct  violence,  as  in  warding  off  a  blow 
aimed  at  the  head.  It  may  be  caused  by  indirect  violence  also,  as  when 
an  individual  falls  upon  the  ulnar  border  of  the  hand,  and  it  is  situated 
.as  a  rule  in  the  lower  segment  of  the  bone.  Displacement  at  the  seat 
of  fracture  is  exceptional,  the  intact  shaft  of  the  radius  acting  as  a  splint. 
The  recognition  of  the  lesion  is  much  facilitated  by  the  superficial 
position  of  the  posterior  border  of  the  bone.  If  the  finger  be  carried 
along  this,  a  point  of  fixed  tenderness  will  usually  be  elicited  over  the 
seat  of  fracture,  and  it  may  be  possible  also  to  detect  abnormal  mobility 
and  crepitation. 

Fracture  of  the  shaft  of  the  radius  alone  appears  to  be  most  common 
below  its  centre,  i.e.  below  the  insertion  of  the  pronator  teres  (fig.  88  B). 
In  addition  to  the  usual  displacement  of  the  fragments  in  fractures  at 
this  level,  the  existence  of  the  lesion  may  be  confirmed  by  placing  the 
thumb  of  one  hand  upon  the  head  of  the  bone  at  the  posterior  aspect  of 
the  elbow  and  making  the  forearm  rotate  while  the  hand  of  the  patient 
is  grasped  with  the  other  ;  by  this  manoeuvre  it  will  be  ascertained  if  the 
lower  segment  of  the  radius  moves  independently  of  the  upper. 
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When  the  fracture  of  one  or  of  both  bones  is  situated  below  the  level 
of  the  insertion  of  the  pronator  radii  teres  it  is  customary  to  place  the 
forearm  in  the  mid-prone  position,  the  splints  having  first  been  adjusted, 
i.e.  with  the  palm  of  the  hand  facing  towards  the  chest.  Not  only  is  this 
attitude  the  most  favourable  for  ensuring  correct  apposition  of  the 
fragments,  but  it  has  the  advantage  also  of  being  the  position  of  greatest 
ease  for  the  limb.  When  the  radial  fracture,  however,  is  above  the  inser- 
tion of  the  pronator  radii  teres,  it  is  all-important  to  prevent  union 


FIG.  88. — A,  fracture  of  the  radius  above  the  insertion  of  the  pronator  radii  teres  muscle. 
Drawn  from  a  macerated  specimen  in  the  Surgical  Museum,  Trinity  College,  Dublin.  In 
this  case  observe  that  the  upper  fragment  is  in  the  attitude  of  extreme  supination,  and 
that  the  lower  is  in  the  mid-prone  position,  union  consequently  has  taken  place  between 
the  fragments  with  a  very  decided  rotatory  displacement.  The  interosseous  space,  too,  is 
reduced  to  a  minimum  at  the  site  of  the  fracture.  B,  fracture  of  the  shaft  of  the  radius 
below  the  insertion  of  the  pronator  radii  teres  muscle.  This  fig.  has  also  been  drawn  from 
a  specimen  in  Surgical  Museum,  Trinity  College.  The  upper  fragment  is  in  the  attitude 
of  mid-pronation,  the  lower  is  drawn  inwards  to  the  ulna,  with  the  result  that  a  charac- 
teristic deformity  is  produced,  which  gives  a  concave  outline  to  the  outer  border  of  the 
forearm.  The  interosseous  space  is  obliterated  at  the  site  of  the  fracture,  and  the  radial 
styloid  has  risen  above  its  normal  level.  In  both  of  these  fractures  it  will  be  seen  that  the 
rotatory  movements  of  the  forearm — pronation  and  supination — must  have  been  exceedingly 
limited.  See  fractures  of  the  bones  of  the  forearm  in  the  text. 

taking  place  with  rotatory  displacement,  and  with  this  object  in  view  it 
is  advisable  to  maintain  the  forearm  flexed  and  fully  supinated  during 
the  healing  process,  so  that  the  lower  segment  of  the  radius  may  be 
brought  into  proper  line  with  the  upper. 
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In  fracture  of  both  bones  accompanied  by  marked  displacement 
which  cannot  be  satisfactorily  rectified  by  manipulation,  it  would  certainly 
be  better  to  expose  the  seat  of  fracture  and  wire  the  fragments  together 
than  incur  the  risk  of  faulty  union  and  greatly  impaired  function  of  the 
limb. 

Resection  of  the  Bones  of  the  Forearm. — Resection  of  a  portion  of 
the  ulna  or  of  the  radius  may  be  necessary  in  certain  cases  of  new  growth 
such  as  a  central  myeloid  sarcoma  or  for  extensive  tubercular  disease  ; 
it  may  be  required  also  to  expose  a  considerable  area  of  one  or  other 
bone  in  the  operation  of  sequestrotomy  following  infective  periostitis 
(acute  necrosis). 

Resection  of  the  radius, — The  upper  extremity  of  the  radius  is  com- 
paratively superficial  and  may  be  exposed  by  an  incision  directed  along 
the  lower  part  of  the  external  supracondyloid  ridge  of  the  humerus,  and 
downwards  across  the  line  of  the  humero-radial  articulation  and  the 
head  of  the  radius,  following  the  groove  between  the  anconeus  and  the 
extensor  communis  digitorum  muscles.  In  separating  the  supinator 
brevis  from  the  neck  and  upper  portion  of  the  shaft  of  the  bone,  to  which 
it  is  closely  applied  (fig.  87),  care  should  be  taken  not  to  injure  the 
posterior  interosseous  nerve,  which  pierces  the  muscle  obliquely  on 
its  way  to  the  back  of  the  forearm.  The  nerve  makes  its  appearance 
behind,  usually  from  two  to  two  and  a  half  inches  below  the  head  of  the 
radius. 

The  middle  segment  of  the  shaft  also  may  be  approached  from 
behind,  as  it  occupies  a  superficial  position  between  the  extensor  com- 
munis digitorum  internally,  the  supinator  longus  and  the  radial  extensors 
externally  (fig.  84),  viz.,  above  the  point  where  its  outer  border  is  crossed 
by  the  extensor  muscles  of  the  thumb  and  by  the  radial  nerve.  The 
former  curve  from  behind  forwards  over  the  outer  border  of  the  forearm 
at  the  junction  of  its  lower  and  middle  thirds,  the  latter  is  directed  from 
before  backwards  at  about  the  same  level. 

If  the  removal  of  the  whole  or  the  greater  part  of  the  shaft  of  the 
radius  be  contemplated,  the  best  way  to  approach  the  bone  is  by  a 
vertical  incision  along  the  radial  sulcus  of  the  forearm  (Kocher).  When 
the  deep  fascia  is  divided,  the  supinator  longus  muscle  and  the  radial 
nerve  are  drawn  outwards,  the  flexor  carpi  radialis  and  the  radial  vessels 
inwards.  The  radial  origin  of  the  flexor  sublimis  digitorum  and  the 
pronator  radii  teres  close  to  its  insertion  into  the  outer  border  of  the 
bone  are  next  divided.  The  supinator  brevis  is  reflected  upwards  and 
outwards  from  its  area  of  attachment,  if  necessary,  and  subsequently  the 
flexor  longus  pollicis  and  pronator  quadratus  muscles  are  detached  from 
the  front  of  the  bone  and  drawn  inwards.  The  shaft  of  the  radius  is 
now  fully  exposed  from  the  front,  and  its  separation  can  readily  be 
effected  by  detaching  the  muscles  from  its  outer  and  posterior  aspects 
and  dividing  it  with  Gigli's  wire-saw  at  whatever  level  be  desired. 

Resection  of  the  ulna  is  much  less  difficult  than  that  of  the  radius,  as 
its  posterior  border,  which  lies  between  the  extensor  and  the  flexor  carpi 
ulnaris  muscles,  is  superficial  throughout  the  entire  length  of  the  forearm. 
An  incision  directed  along  this  line  enables  the  bone  to  be  exposed  with 
facility  and  divested  of  its  coverings  without  inflicting  serious  injury 
upon  any  important  structure. 

20 
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Amputation  through  the  Forearm  is  sometimes  required  in  advanced 
cases  of  tubercular  disease  of  the  hand  and  wrist,  for  severe  injuries  causing 
irreparable  damage  of  these  parts,  and  for  malignant  disease.  It  is 
advisable  in  all  cases  that  as  much  of  the  forearm  as  possible  should 
be  saved,  to  facilitate  the  subsequent  wearing  of  an  artificial  limb. 

The  operation  best  suited  for  the  forearm  in  any  part  of  its  extent 
is  the  modified  circular.  Antero-posterior  flaps  of  equal  dimensions — 
one  to  two  inches — and  including  only  the  superficial  tissues,  are  raised. 
The  muscles,  together  with  the  main  vessels  and  nerves,  are  divided 
circularly  opposite  the  bases  of  the  flaps  ;  the  interosseous  membrane 
is  also  divided,  and  the  periosteum  is  reflected  upwards  from  each  bone 
for  a  short  distance.  In  sawing  the  bones,  the  forearm  is  held  in  the 
supine  position,  and  the  section  of  the  radius  is  completed  before  the  ulna 
is  fully  divided,  as  it  is  less  securely  connected  at  its  upper  extremity. 
The  periosteal  flaps  are  now  drawn  down,  and  each  covers  the  cut 
surface  of  the  bone  like  a  hood.  They  serve  to  prevent  fusion  between 
the  cut  bony  surfaces,  as  this  would  have  the  effect  of  limiting  the  move- 
ments of  pronation  and  supination  in  the  stump. 

The  vessels  which  require  to  be  ligatured  are  the  ulnar,  radial,  and 
anterior  interosseous  arteries.  As  their  relative  positions  have  been 
fully  described  above,  they  do  not  need  further  notice  here.  A  good 
representation  of  the  general  arrangement  of  the  muscles,  vessels,  and 
nerves  at  the  middle  of  the  forearm. is  given  in  fig.  85. 


THE  WRIST  AND  HAND.   , 

Topography  and  Superficial  Anatomy. — The  wrist  forms  the  con- 
necting link  between  the  forearm  and  the  hand,  and,  like  the  former,  is 
wider  from  side  to  side  than  from  before  backwards.  In  addition  to  the 
vessels  and  nerves  which  pass  to  and  fro  at  this  level,  the  tendons  proceed- 
ing to  their  insertions  into  the  phalanges  and  metacarpal  bones  are  closely 
grouped  together  into  an  anterior  and  a  posterior  group — flexors  and  ex- 
tensors ;  they  are  maintained  in  close  contact  with  the  bones  by  means 
of  specialised  thickenings  of  the  deep  fascia  (annular  ligaments)  and 
are  provided  with  synovial  sheaths.  Such  a  mode  of  arrangement, 
while  ensuring  a  graceful  contour  to  the  forearm  at  its  junction  with 
the  hand,  is  an  additional  source  of  strength,  and  it  permits  of  that 
remarkable  freedom  of  movement  which  is  so  essential  for  the  various 
functions  of  the  hand. 

The  skin  at  the  front  of  the  wrist  is  thin,  but  owing  to  its  more  in- 
timate connection  with  the  deep  fascia,  it  is  less  freely  movable  than  that 
which  covers  the  adjoining  portion  of  the  forearm.  This  adhesion  of  the 
skin  accounts  for  the  constricted  appearance  presented  by  the  wrist  in 
young  children  and  fat  individuals.  A  bluish  network  of  superficial 
veins  is  quite  distinct  at  this  level,  and  it  is  in  it  that  the  median  vein  of 
the  forearm  usually  takes  origin.  It  is  possible,  as  a  rule,  to  make  out 
three  transversely  directed  furrows  crossing  the  skin  in  front  of  the 
wrist ;  the  upper  is  on  the  same  level  as  the  styloid  process  of  the  ulna, 
the  intermediate  furrow  corresponds  fairly  accurately  with  the  wrist-joint, 
and  the  lowest  or  most  distal  overlies  the  mid-carpal  joint ;  it  marks  the 
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junction  between  the  wrist  and  the  palm,  and  is  on  a  level  with  the  upper 
border  of  the  anterior  annular  ligament. 


Radial  Art 


Thenar  Eminence.  -- 


Ulnar  Art. 
Ulnar  Nerve. 

Tendon  of  Flexor  Carpi  Ulnaris  M. 
Pisiform  Bone. 


Palmaris  Brevis  M. 
-    Palmar  Fascia. 

-.  Hypothenar  Eminence. 


_  Digital  Artery. 


rransverse  Metacarpal 
Ligament. 


FIG.  89. — Superficial  dissection  of  the  front  of  the  wrist  and  the  palm  of  the  hand.  The  ulnar 
and  radial  vessels  have  been  exposed  by  dividing  and  drawing  aside  the  cut  edges  of  the 
deep  fascia.  The  tendon  of  the  palmaris  longus  is  continued  over  the  anterior  annular  liga- 
ment into  the  central  portion  of  the  palmar  fascia.  Note  the  order  of  parts  above  the 
anterior  annular  ligament,  from  without  inwards,  viz.,  the  radial  vessels,  the  tendon  of  the 
flexor  carpi  radialis,  the  tendon  of  the  palmaris  longus — this  latter  overlies  and  helps  to 
conceal  the  median  nerve — the  tendons  of  the  flexor  sublimis  digitorum  muscle  covered  by 
the  deep  fascia,  the  ulnar  vessels  and  nerve,  and  the  tendon  of  the  flexor  carpi  ulnaris 
muscle  gaining  insertion  below  into  the  pisiform  bone. 

The  relative  positions  of  the  deeper  structures  upon  the  front  of  the 
wrist  is  particularly  deserving  of  notice,  considering  the  frequency  of 
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accidental  wounds  in  this  region.  By  forcibly  flexing  the  hand,  the 
tendons  become  very  prominent  and  are  easily  recognised.  Commencing 
externally  at  the  lower  part  of  the  radial  sulcus  where  the  pulse  is  felt, 
the  first  tendon  encountered  in  front  is  that  of  the  flexor  carpi  radialis  ; 
it  is  succeeded  by  the  palmaris  longus — this  muscle  is  absent  in  about 
ten  per  cent. — and  by  the  tendons  of  the  flexor  sublimis  digitorum  muscle, 
the  median  nerve  lying  between  these  two.  The  flexor  carpi  ulnaris 
tendon  occupies  the  most  internal  position  and  terminates  inferiorly  in 
the  pisiform  bone ;  it  is  rendered  distinct  by  flexing  the  hand  and  press- 
ing the  tip  of  the  little  finger  into  the  centre  of  the  palm.  The  ulnar 
vessels  and  nerve  lie  between  this  tendon  and  the  flexor  sublimis 
digitorum  and  occupy  a  superficial  position.  The  structures  just 
enumerated  are  clearly  represented  in  fig.  89.  The  flexor  longus  pollicis 
and  the  flexor  profundus  digitorum  tendons  lie  upon  a  deeper  plane,  and 
are  quite  concealed  from  view  in  a  superficial  dissection. 

Deep  wounds  in  front  of  the  wrist  may  result  in  the  division  of  one 
or  more  of  the  flexor  tendons,  and  possibly  of  the  median  nerve  or  of  the 
ulnar  vessels  and  nerve,  and  unless  the  divided  structures  be  accurately 
sutured  and  primary  healing  obtained,  the  movements  of  the  hand  may 
be  very  seriously  hampered  subsequently.  The  individual  tendons 
should  be  carefully  identified  before  the  sutures  are  introduced,  for  it  has 
happened  more  than  once  that  the  median  nerve  has  been  connected  in- 
advertently with  the  palmaris  longus  tendon. 

The  styloid  processes  of  the  radius  and  ulna  are  valuable  landmarks. 
That  of  the  radius  at  the  outer  part  of  the  wrist  is  the  more  prominent,  it 
descends  lower  than  that  of  the  ulna  and  occupies  a  rnjore  anterior  plane. 
The  ulnar  styloid  is  most  easily  recognised  at  the  inner  and  back  part  of 
the  wrist  when  the  forearm  is  in  pronation,  and  its  summit  indicates 
fairly  accurately  the  line  of  the  wrist-joint  (fig.  94).  The  summit  of  the 
radial  styloid  is  considerably  below  the  joint  level.  A  line  connecting 
both  styloids  would  cross  the  wrist  obliquely,  and  at  its  centre  would  be 
almost  half  an  inch  below  the  highest  point  of  the  arc  described  by  the 
line  of  the  joint.  The  degree  of  prominence  of  the  head  of  the  ulna 
varies ;  sometimes  it  stands  out  in  strong  relief  and  renders  the  contour 
of  the  wrist  somewhat  unsightly. 

The  palm  of  the  hand  is  roughly  quadrilateral  in  outline.  Its  central 
part,  which  is  triangular,  is  depressed  to  a  varying  degree  in  different 
individuals,  it  is  known  as  the  '  hollow  of  the  hand '  and  is  bounded  on 
each  side  by  a  well  defined  muscular  projection.  That  on  the  outer  side 
is  formed  by  the  short  muscles  of  the  thumb — abductor,  flexor  brevis, 
and  opponens  pollicis — and  is  known  as  the  thenar  eminence  \  that  on 
the  inner  side  is  formed  by  the  short  muscles  of  the  little  finger,  and  is 
known  as  the  hypothenar  eminence.  As  they  approach  the  wrist  these 
two  eminences  come  close  together,  their  line  of  junction  being  indicated 
by  a  shallow  median  groove  which  leads  from  the  centre  of  the  palm  in 
the  direction  of  the  wrist. 

The  palm  is  intersected  by  certain  furrows  of  a  permanent  character, 
three  of  which  are  deserving  of  special  mention  (fig.  90).  ( I )  Starting  from 
the  radial  border  of  the  hand,  about  an  inch  from  the  root  of  the  index 
finger,  a  well  defined  furrow  extends  inwards  with  a  curved  direction  along 
the  inner  aspect  of  the  thenar  eminence,  and  terminates  at  the  front 
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and  outer  part  of  the  wrist  in  the  vicinity  of  the  tubercle  of  the  sca- 
phoid bone.  It  is  caused  by  the  movements  of  the  thumb  when  brought 
into  opposition  to  the  other  digits.  (2)  Another  distinct  furrow  extends 
obliquely  across  the  palm,  and  like  the  last  it  commences  at  the  radial 
border  of  the  hand  where  it  overlies  the  head  of  the  metacarpal  bone  of 


FIG.  90. — The  front  of  the  wrist  and  the  palm  of  the  hand.  This  fig.  has  been  drawn  from  a 
skiagram  for  which  the  author  is  indebted  to  Dr  W.  S.  Haughton.  The  blood-vessels 
were  injected  with  paint  containing  a  large  percentage  of  lead,  and  the  surface  of  the  hand 
was  lightly  smeared  with  an  ointment  containing  oxychloride  of  bismuth,  a  compound 
which  is  very  opaque  to  X-rays.  A  good  view  was  thus  obtained  of  the  creases  or.  the  skin, 
of  the  arteries,  and  of  the  bones. 

the  index  finger  and  its  inner  extremity  is  lost  in  the  hypothenar  emi- 
nence. (3)  The  third  or  most  distal  furrow  commences  at  the  ulnar  border 
of  the  hand  and  extends  outwards  across  the  palm  in  front  of  the  heads  of 
the  three  inner  metacarpal  bones ;  its  terminal  part  is  directed  towards 
the  cleft  between  the  index  and  middle  fingers.  Both  it  and  the  second 
furrow  just  described  are  caused  by  flexion  of  the  fingers  at  the  meta- 
carpo-phalangeal  joints.  The  interval  between  the  first  and  second 
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furrows  might  be  termed,  not  inappropriately,  the  dangerous  area  of  the 
palm,  seeing  that  the  greater  part  of  the  superficial  palmar  arch  is  con- 
tained within  it  (fig.  90).  The  summit  or  most  distal  part  of  this  arch 
comes  quite  close  to  the  level  of  the  second  or  intermediate  furrow  in  the 
line  of  the  third  metacarpal  bone.  The  deep  palmar  arch  lies  from 
half  to  three-quarters  of  an  inch  nearer  the  wrist  and  its  centre  corresponds 
fairly  closely  to  the  apex  of  the  hollow  of  the  palm. 

When  the  fingers  are  fully  extended  it  will  be  seen  that  a  shallow 
longitudinal  sulcus  extends  from  the  root  of  each  towards  the  palm,  and 
that  the  intervals  between  these  sulci  are  occupied  by  raised  integu- 
mentary folds.  The  furrows  correspond  to  the  digital  slips  of  the  palmar 
fascia  which  overlie  the  flexor  tendons,  and  the  intervening  projections 
to  masses  of  the  subcutaneous  fatty  tissue,  which  are  squeezed  aside 
when  the  tendons  are  stretched,  and  within  which  the  digital  vessels, 
nerves,  and  lumbrical  muscles  are  directed  towards  the  clefts  of  the 
fingers. 

The  skin  of  the  palm  varies  in  thickness.  Over  the  thenar  eminence 
it  is  thin,  but  attains  a  much  greater  thickness  over  the  heads  of  the 
metacarpal  bones  and  over  the  hypothenar  eminence,  especially  in  the 
hands  of  the  labouring  classes.  It  is  very  adherent  over  the  central  area 
of  the  palm,  being  tightly  bound  down  to  the  palmar  fascia  by  the  fibrous 
septa  which  form  such  a  distinctive  feature  of  the  subcutaneous  tissue  in 
this  region.  This  close  connection  between  the  skin  and  the  unyielding 
palmar  fascia  renders  the  centre  of  the  palm  well  adapted  to  withstand 
high  degrees  of  pressure. 

The  palmar  aspect  of  the  fingers  is  traversed  by  a  secies  of  transversely 
directed  furrows,  three  for  each  finger,  but  only  two  for  the  thumb. 
The  proximal  furrows  are  on  the  same  level  as  the  webs  of  the  fingers, 
and  are  fully  three-quarters  of  an  inch  on  the  distal  side  of  the  metacarpo- 
phalangeal  joints  (fig.  90).  Each  of  the  middle  furrows  is  made  up  of 
a  double  crease,  and  corresponds  to  the  proximal  interphalangeal  articu- 
lation, the  crease  nearest  the  palm  being  usually  taken  as  the  most  correct 
guide  to  the  joint.  The  distal  furrows,  one  for  each  finger,  are  situated 
slightly  to  the  proximal  side  of  the  distal  interphalangeal  articulations. 
Besides  these  transverse  furrows  there  are  several  in  each  finger  which 
pursue  a  longitudinal  direction.  They  attain  their  maximum  develop- 
ment over  the  distal  segment  of  each  digit,  i.e.  the  pulp  of  the  finger,  the 
general  surface  here  being  characterised  by  numerous  fine  ridges,  the 
presence  of  which  is  explained  by  the  remarkable  development  of  the 
papillse  of  the  corium  or  true  skin.  These  papillae  are  abundantly 
supplied  with  Pacinian  corpuscles,  which  are  the  end  organs  of  the 
sensory  nerves  ;  the  sensation  of  touch  consequently  is  very  acute  in  the 
fingers,  and  is  probably  greatest  at  the  tip  of  the  index  finger.  The 
skin  on  the  palmar  surface  of  the  fingers  is  thick  and  moderately  adherent, 
and,  like  that  of  the  palm,  is  well  adapted  to  withstand  pressure.  There 
is  a  complete  absence  of  hairs  and  sebaceous  glands  over  the  palmar 
aspect  of  the  hand  and  fingers  ;  sweat  glands,  however,  are  extremely 
numerous,  in  fact,  they  are  more  abundant  here  than  in  any  other  region 
of  the  body,  with  the  exception  of  the  sole  of  the  foot. 

The  dorsal  aspect  of  the  wrist  and  hand,  in  contrast  with  the  palmar, 
is  convex  in  outline ;  it  is  covered  by  skin  of  a  much  finer  quality, 
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which  is  studded  with  short  hairs,  it  is  provided  with  sebaceous  glands, 
and  is  freely  movable  also  over  the  deeper  tissues.  The  laxity  of  the 
subcutaneous  tissue  is  very  marked,  and  allows  inflammatory  exudations 
or  dropsical  effusions  in  this  region  to  assume  very  considerable  pro- 
portions. In  many  hands  the  dorsal  surface  presents  a  series  of  longi- 
tudinal elevations  with  intervening  depressions,  which  become  most 
accentuated  as  they  approach  the  ringers.  The  elevations  correspond  to 
the  metacarpal  bones  and  the  overlying  extensor  tendons,  the  depressions 
to  the  intermetacarpal  intervals  and  the  interossei  muscles,  that  in  the 
first  space  being  the  most  evident,  and  rendered  very  distinct  when  the 
thumb  is  pressed  tightly  against  the  index  finger. 

On  the  outer  aspect  of  the  wrist  a  shallow  depression  will  be  noted, 
the  '  tabatiere  anatomique '  of  Cloquet  It  is  bounded  externally  by  the 
tendons  of  the  extensor  ossis  metacarpi  and  brevis  pollicis,  internally 
by  the  tendon  of  the  extensor  longus  pollicis.  Superficially,  this  area  is 
crossed  by  the  dorsal  vein  of  the  thumb  and  by  some  filaments  of  the  radial 
nerve  ;  its  floor  is  formed  by  the  scaphoid,  the  trapezium,  and  the  base  of 
the  first  metacarpal  bone,  and  is  crossed  by  the  radial  artery  on  its  way 
from  the  front  of  the  wrist  to  the  posterior  extremity  of  the  first  inter- 
osseous  space.  Towards  the  ulnar  side  of  this  area,  and  upon  the 
posterior  surface  of  the  lower  extremity  of  the  radius  near  its  middle,  is 
a  small  bony  tubercle,  which  is  readily  felt ;  it  helps  to  bound  the  groove 
for  the  tendon  of  the  extensor  longus  pollicis  muscle. 

Several  veins  are  seen  beneath  the  skin  on  the  back  of  the  hand. 
They  commence  in  a  network  on  the  backs  of  the  fingers,  from  which 
the  dorsal  collateral  veins  proceed  and  collect  upon  the  dorsum  of  the 
hand  to  form  a  venous  arch,  the  concavity  of  which  is  directed  upwards. 
The  radial  vein  already  noted  in  the  forearm  commences  in  the  outer 
part  of  this  arch.  The  inner  part  of  the  arch  is  joined  by  a  vein  from 
the  little  finger  which  runs  in  the  fourth  intermetacarpal  space — vena 
Salvatella — and  gives  origin  to  the  ulnar  veins  of  the  forearm.  The 
skin  on  the  dorsal  aspect  of  the  fingers  closely  resembles  that  on  the 
dorsum  of  the  hand  ;  over  the  distal  or  ungual  phalanx,  however,  it 
becomes  smoother  and  more  adherent.  The  prominences  of  the  knuckles 
are  most  distinct  when  the  fingers  are  flexed  ;  the  first  row  is  formed  by 
the  heads  of  the  metacarpal  bones,  the  second  by  the  heads  of  the 
proximal  phalanges,  and  the  third  row  by  the  heads  of  the  second 
phalanges. 

The  presence  of  hairs  and  sebaceous  glands  on  the  dorsal  aspect  of 
the  hand  and  over  the  first  and  second  phalanges  accounts,  no  doubt,  for 
the  proclivity  of  these  parts  to  boils  or  furuncles,  which  it  is  interesting 
to  observe  are  never  seen  on  the  palmar  aspect  of  the  hand  and  fingers 
where  hairs  are  wanting.  The  dorsal  position  of  the  larger  veins  is 
evidently  intended  to  prevent  interference  with  the  circulation  in  the 
efforts  of  prehension. 

The  subcutaneous  tissue  of  the  palmar  aspect  of  the  hand  is  continuous  superiorly  with 
that  on  the  front  of  the  wrist,  and  inferiorly  with  that  which  invests  the  fingers.  Between  the 
slips  of  the  palmar  fascia  (fig.  89)  it  is  directly  continuous  with  the  fatty  tissue  situated  between 
the  flexor  tendons  and  within  the  central  compartment  of  the  palm.  Along  the  margins  of  the 
hand  and  opposite  the  clefts  of  the  fingers  it  is  continuous  with  the  loose  subcutaneous  stratum  of  the 
dorsum  of  the  hand.  Over  the  distal  extremity  of  each  digit  on  its  palmar  surface  the  subcutaneous 
tissue  forms  a  soft  elastic  cushion — the  '  pulp  of  the  finger '  which  is  intersected  by  numerous  slender 
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trabeculae  passing  from  the  deep  aspect  of  the  skin  to  the  periosteum  of  the  distal  phalanx — the 
cutaneo-phalangeal  ligaments  of  Cleland.  Over  the  proximal  and  middle  phalanges  the  sub- 
cutaneous stratum  is  connected  deeply  with  the  fibrous  sheaths  or  thecse  of  the  flexor  tendons. 
These  relationships  have  an  important  bearing  upon  the  progress  and  effects  of  inflammation 
in  the  fingers  (p.  317). 

The  Palmar  Fascia. — The  deep  fascia  of  the  palm  consists  of  three  portions,  a  central 
or  palmar  fascia  proper,  and  two  lateral  portions  which  overlie  the  short  muscles  of  the  thumb 
and  little  finger  (fig.  89). 

The  palmar  fascia  proper  is  a  stout,  pearly  white,  ligamentous  structure,  which  is  spread 
out  over  the  centre  of  the  palm.  Numerous  fibrous  septa  connect  its  superficial  aspect  with  the 
skin  ;  its  deep  surface,  however,  is  smooth  and  overlies  the  flexor  tendons.  Its  upper  extremity, 
which  is  narrow  and  tapering,  is  directly  continuous  with  the  anterior  annular  ligament  and  with 
the  tendon  of  the  palmaris  longus  muscle.  As  it  approaches  the  fingers  it  widens  out,  and 
opposite  the  heads  of  the  four  inner  metacarpal  bones  divides  into  four  slips,  each  of  which 
passes  forwards  to  the  root  of  the  corresponding  finger,  where  it  is  connected  with  the  superficial 
transverse  ligament  in  the  webs  of  the  fingers  and  subdivides  into  two  slips  which  become 
attached  to  the  sheaths  of  the  flexor  tendons  and  to  the  transverse  metacarpal  ligament.  Some 
fibres  from  these  slips  obtain  attachment  also  to  the  skin  of  the  fingers.  Two  sets  of  fibres  enter 
into  the  composition  of  the  palmar  fascia,  viz. ,  (a)  longitudinal  and  (6)  transverse.  The  longi- 
tudinal fibres  are  the  most  numerous,  a  large  number  being  derived  from  the  tendon  of  the 
palmaris  longus  muscle.  The  transverse  fibres  are  most  evident  over  the  heads  pf  the  metacarpal 
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FIG.  91. — Cross  section  of  the  hand  in  the  vicinity  of  the  wrist.     It  shows  the  central  compart- 
ment of  the  palm  with  its  contained  structures,  and  its  relations  to  the  surrounding  parts. 

bones,  where  they  serve  to  bind  the  four  slips  of  the  fascia  together.  A  considerable  proportion 
of  the  deeper  transverse  fibres  on  reaching  the  lateral  margins  of  the  fascia  curve  deeply  into 
the  palm  beneath  the  flexor  tendons  and  reinforce  the  deep  aponeurotic  layer  which  covers  over 
the  interossei  muscles  and  the  deep  palmar  arch. 

The  deep  fascia  over  the  thenar  and  hypothenar  eminences  is  comparatively  thin,  and  is  in  no 
way  comparable  to  the  central  portion  just  described. 

The  central  compartment  of  the  Palm. — This  compartment  is  bounded  superficially  by 
the  palmar  fascia  and  deeply  by  the  aponeurosis  which  invests  the  interossei  muscles  (fig.  91).  At 
the  sides  it  is  shut  off  from  the  thenar  and  hypothenar  eminences  by  the  fusion  of  these  two  fascial 
strata.  Superiorly  it  narrows,  and  is  continuous  with  the  carpal  tunnel  beneath  the  anterior 
annular  ligament.  Inferiorly  it  widens  out,  and  is  continued  along  the  flexor  tendon  sheaths  to 
the  fingers,  and  at  the  finger  clefts  it  communicates  with  the  subcutaneous  stratum  of  the  palm. 

The  contents  of  this  central  compartment  are  (i)  the  superficial  and  deep  flexor  tendons,  with 
their  synovial  sheaths  ;  (2)  the  superficial  palmar  arch  and  its  branches  1(3)  the  median  nerve,  break- 
ing up  into  its  terminal  branches,  and  (4)  the  lumbrical  muscles. 

It  is  possible,  therefore,  to  recognise  three  distinct  compartments  in  ihe  central  area  of  the  palm 
of  the  hand  :  (l)  between  the  skin  and  the  palmar  fascia  ;  (2)  between  the  palmar  fascia  and  the 
deep  aponeurotic  layer — 'central  compartment' ;  (3)  between  the  deep  aponeurotic  layer  and  the 
metacarpal  bones.  This  deep  compartment  contains  the  interossei  muscles,  the  deep  palmar  arch, 
and  the  deep  division  of  the  ulnar  nerve. 

The  anterior  annular  ligament  of  the  Wrist  is  a  dense  fibrous  structure,  which  stretches 
across  the  arch  formed  by  the  carpal  bones  so  as  to  convert  it  into  a  tunnel  for  the  passage  of  the 
flexor  tendons  into  the  palm.  On  the  outer  side  the  ligament  is  attached  to  the  tubercle  of  the 
scaphoid  and  the  ridge  of  the  trapezium,  and  on  the  inner  side  to  the  pisiform  and  the  hook  of 
the  unciform  bone.  Along  its  upper  margin  it  is  continuous  with  the  deep  fascia  of  the  forearm  ; 
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it  is  continuous  below  with  the  palmar  fascia,  and  gives  origin  to  the  short  muscles  of  the  thumb 
and  little  finger.  The  tendon  of  the  palmaris  longus  muscle  expands  in  front  of  the  ligament 
and  is  connected  with  the  central  portion  of  the  palmar  fascia.  The  ulnar  artery  and  nerve  cross 
the  ligament  immediately  to  the  radial  side  of  the  pisiform  bone  ;  they  are  covered,  however,  and 
maintained  in  contact  with  the  ligament  by  an  accessory  fibrous  slip  derived  from  the  pisiform 
bone  and  the  tendon  of  the  flexor  carpi  ulnaris  muscle.  At  its  outer  part  the  ligament  is  crossed 
by  the  superficial  volar  branch  of  the  radial  artery.  The  carpal  tunnel  connects  the  anterior  com- 
partment of  the  forearm  with  the  central  compartment  of  the  palm  and  transmits  the  tendons  of  the 
flexor  muscles  accompanied  by  the  median  nerve. 

The  synovial  sheaths  of  the  flexor  tendons.— The  flexor  tendons  which  pass  beneath 
the  anterior  annular  ligament  are  provided  with  two  synovial  sheaths,  one  for  the  flexor  longus 
pollicis  tendon,  another  for  the  closely  grouped  tendons  of  the  flexor  sublimis  and  flexor  profundus 
digitorum  muscles.  These  sheaths  extend  above  the  anterior  annular  ligament  for  more  than  an 
inch  into  the  forearm  and  downwards  into  the  palm  (fig.  92).  In  the  palm  the  common  flexor 
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FIG.  92. — The  flexor  tendons  of  the  fingers  and  their  synovial  sheaths. 


sheath  widens  out,  and  sends  four  infundibuliform  prolongations  in  the  direction  of  the  four  inner 
fingers.  The  prolongations  which  correspond  to  the  tendons  of  the  index,  middle,  and  ring  fingers 
do  not  travel,  however,  beyond  the  middle  of  the  palm,  but  that  of  the  little  finger  reaches,  as  a 
rule,  down  to  the  base  of  the  terminal  phalanx  of  this  digit.  The  synovial  sheath  of  the  flexor 
longus  pollicis  tendon  also  is  prolonged  distally  to  the  base  of  the  terminal  phalanx  and  it  would 
appear  that  it  communicates  occasionally  with  the  large  flexor  sheath,  as  both  lie  side  by  side 
in  front  of  the  wrist. 

Within  the  central  compartment  of  the  palm,  the  lumbrical  muscles  and  the  digital  vessels 
and  nerves  occupy  the  intervals  between  the  flexor  tendons  as  they  diverge  towards  the  fingers. 

The  digital  portions  of  the  flexor  sheaths  are  related  to  the  palmar  aspects  of  the 
phalanges,  they  are  closely  invested  by  the  subcutaneous  tissue  of  the  fingers,  and  are  related  on 
their  lateral  aspects  to  the  palmar  collateral  branches  of  the  digital  vessels  and  nerves.  These 
sheaths  or  theoe  are  strong  fibrous  structures,  which  remain  patent  when  cut  across,  and  in  conjunc- 
tion with  the  phalanges,  form  osteo-fibrous  tunnels  for  the  tendons  and  their  synovial  sheaths.  Over 
the  shafts  of  the  two  proximal  phalanges  the  sheaths  are  strong,  but  in  front  of  the  proximal 
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interphalangeal  joints  they  are  greatly  reduced  in  thickness,  so  as  not  to  interfere  with  the  move- 
ments of  flexion  of  the  fingers.  Each  flexor  tube  has  a  distinct  synovial  sheath.  Those  belonging 
to  the  thumb  and  little  finger  have  been  seen  to  extend,  as  a  rule,  upwards  beneath  the  anterior 
annular  ligament  of  the  wrist ;  the  synovial  sheaths  of  the  digital  segments  of  the  tendons  of  the 
index,  middle  and  ring  fingers  are  not  connected,  however,  with  the  large  carpal  synovial  sheath, 
but  remain  distinct,  each  ending  blindly  at  the  level  of  the  neck  of  the  corresponding  metacarpal 
bone. 

The  tendon  of  the  flexor  profundus  digitorum  muscle  is  inserted  into  the  base  of  the  distal 
phalanx,  that  of  the  flexor  sublimis  into  the  sides  of  the  middle  phalanx  in  each  finger.  Within 
the  theca  they  are  connected  to  the  periosteum  of  the  phalanges  by  slender  ligamentous  bands, 
viz.,  the  ligamenta  longa  and  the  ligamenta  brevia. 

The  ulnar  artery  at  the  wrist  and  in  the  hand. — At  the  wrist  the  ulnar  artery  crosses 
the  anterior  annular  ligament  in  company  with  the  ulnar  nerve  which  lies  to  its  inner  side,  and 
having  reached  the  palm  divides  into  a  superficial  and  a  deep  branch. 

The  superficial  branch,  which  appears  to  be  the  direct  continuation  of  the  artery,  anastomoses 
with  the  superficial  volar  branch  of  the  radial  artery,  forming  the  superficial  palmar  arch.  Having 
descended  lor  a  short  distance  into  the  palm,  this  branch  turns  outwards,  forming  a  curve,  the 
concavity  of  which  is  directed  towards  the  muscles  of  the  thenar  eminence,  and  in  the  line  of  the 
cleft  between  the  index  and  middle  fingers  it  anastomoses  with  the  superficial  volar  artery. 

The  superficial  palmar  arch  is  merely  covered  by  the  integument  and  superficial  fascia,  the 
palmar  cutaneous  branches  of  the  median  and  ulnar  nerves,  the  palmaris  brevis  muscle  and  the 
palmar  fascia,  it  rests  upon  the  short  muscles  of  the  little  finger,  the  flexor  tendons,  and  the 
digital  branches  of  the  median  and  ulnar  nerves. 

Very  commonly  the  arch  is  completed  by  the  superficial  branch  of  the  ulnar  anastomosing 
with  the  radialis  indicis  or  with  the  princeps  pollicis  artery. 

Branches. — Four  digital  arteries  spring  from  the  arch.  The  first  runs  downwards  and 
inwards  over  the  distal  part  of  the  hypothenar  eminence  and  along  the  ulnar  border  of  the  little 
finger.  The  second,  third,  and  fourth  digital  arteries  run  downwards  in  the  direction  of  their 
respective  interosseous  spaces,  between  the  flexor  tendons  and  in  front  of  the  digital  nerves  and 
lumbrical  muscles,  to  a  point  about  a  quarter  of  an  inch  above  the  clefts,  where  each  divides  into 
two  collateral  branches.  These  run  along  the  sides  of  the  fingers  nearer  their  palmar  than  their 
dorsal  aspects,  and  terminate  in  a  plexiform  manner  beneath  the  pulp  of  the  finger  and  around  the 
matrix  of  the  nail. 

The  deep  branch  of  the  ulnar  artery  sinks  into  the  palm  between  the  abductor  and  flexor 
brevis  minimi  digiti  muscles,  and  joins  the  termination  of  the  radial  artery  to  form  the  deep 
palmar  arch. 

The  Radial  Artery  in  its  carpal  and  palmar  stages.— (i)  Carpal  stage. — The  artery 
leaves  the  front  of  the  wrist  immediately  below  the  tip  of  the  styloid  process  of  the  radius  and 
passes  outwards  over  the  external  lateral  ligament  of  the  wrist-joint  beneath  the  tendons  of  the 
extensor  ossis  metacarpi  and  extensor  brevis  pollicis  muscles,  and  enters  the  triangular  space 
at  the  outer  aspect  of  the  wrist  already  described  (p.  311).  Having  reached  the  posterior 
extremity  of  the  first  interosseous  space,  the  artery  passes  forwards  between  the  two  heads  of 
the  first  dorsal  interosseous  muscle  and  enters  the  deep  region  of  the  palm. 

The  branches  of  this  stage  of  the  artery  are  the  following : — 

(1)  The  posterior  radial  carpal. — This  small  vessel   runs  inwards  beneath  the  extensor 
muscles  and  anastomoses  with  the  posterior  carpal  branch  of  the  ulnar  artery,  forming  the  posterior 
carpal  arch,  with  which  the  anterior  interosseous  artery  forms  an  important  anastomosis  (fig.  93). 
Two  branches  are  given  off  from  this  posterior  carpal  arch,  which  descend  along  the  third  and 
fourth  intermetacarpal  spaces,  and  divide  for  the  supply  of  the  third  and  fourth  clefts  ;  they  are 
known  as  the  second  and  third  dorsal  interosseous  arteries.     Near  their  origin  these  vessels  are 
connected  with  the  perforating  branches  of  the  deep  palmar  arch,  and  at  the  roots  of  the  fingers 
with  the  digital  branches  of  the  superficial  palmar  arch.     (2)  The  first  dorsal  interosseous  artery 
descends  along  the  second  intermetacarpal  space  beneath  the  extensor  tendons  and  divides  into 
two  small  branches  for  the  cleft  between  the  index  and  middle  fingers.     This  artery  not  infre- 
quently has  its  origin  in  the  posterior  carpal  arch  (fig.  93).     (3)  Dorsalis  indicis  artery. — This 
vessel  arises  from  the  radial  just  before  it  disappears  between  the  two  heads  of  the  first  dorsal 
interosseous  muscle  ;  it  follows  the  radial  border  of  the  metacarpal  bone  of  the  index  finger,  and 
anastomoses  with  the  radialis  indicis  artery.     (4)  Dorsalis  pollicis  artery. — This  branch  descends 
along  the  metacarpal  bone  of  the  thumb  and  divides  into  two  branches,  which  are  distributed  to 
the  sides  of  the  thumb  on  its  dorsal  aspect. 

(2)  Palmar  stage. — In  the  palm  the  radial  artery  appears  between  the  contiguous  margins 
of  the  adductor  obliquus  and  adductor  transversus  pollicis  muscles.     It  runs  from  without  in- 
wards, with  a  slight  forward  convexity  over  the  interosseous  muscles,  close  to  the  bases  of  the 
metacarpal  bones,  and  terminates  by  anastomosing  with  the  deep  branch  of  the  ulnar  artery,  the 
two  vessels  completing  the  deep  palmar  arch.     The  artery  is  accompanied  by  the  deep  branch  of 
the  ulnar  nerve  and  by  two  venae  comites. 

Branches. — (i)  The  arteria  princeps  pollicis  (fig.  90). — This  vessel  descends  between  the 
adductor  transversus  and  the  first  dorsal  interosseous  muscle,  and  divides  opposite  the  metacarpo- 
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phalangeal  joint  of  the  thumb  into  two  branches,  which  supply  this  digit  on  both  sides  of  its 
palmar  aspect.  (2)  The  radialis  indicts  artery. — This  branch  runs  parallel  to  the  radial  border  of 
the  second  metacarpal  bone  and  beneath  the  adductor  transversus  pollicis.  Beyond  this  muscle  it 
continues  along  the  radial  side  of  the  index  finger,  and  at  the  extremity  of  this  finger  it  anas- 
tomoses with  the  adjoining  collateral  digital  artery.  Very  commonly,  a  branch  of  this  artery 
given  off  at  the  lower  border  of  the  adductor  transversus  muscle  completes  the  superficial  palmar 
arch.  (3)  Palmar  interossei  arteries. — These  arteries,  three  in  number,  spring  from  the  convexity 
of  the  deep  palmar  arch  and  descend  along  the  second,  third,  and  fourth  spaces  ;  they  terminate 
near  the  clefts  by  anastomosing  with  the  digital  branches  of  the  superficial  arch.  (4)  Recurrent 
branches,  two  or  three  in  number,  proceed  from  the  concavity  of  the  deep  arch  and  reinforce  the 
anterior  carpal  arch.  (5)  Posterior  perforating  branches. — These  are  usually  three  in  number, 
and  pass  in  a  dorsal  direction  through  the  proximal  extremities  of  the  second,  third,  and  fourth 
spaces  to  join  the  dorsal  interosseous  arteries  on  the  back  of  the  hand. 


Radius 

Anterior  Interosseous  Art 
Posterior  Annular  Ligament, 


Extensor  Carpi  Radialis  Brevior 

Radial  Artery  (Carpal  Stage) 

Extensor  Brevis  Pollicis 

Extensor  Carpi  Radialis  Longior. 

Extensor  Longus  Pollicis. 
Dorsalis  Pollicis  Art. 


Dorsal  Interosseous  Art.    ~ 
Dorsalis  Indicis  Art. 


Styloid  Process  of  the  Ulna. 


Extensor  Carpi  Ulnaris. 

Extensor  Min.  Digiti. 


FIG.  93. — Dissection  of  the  dorsal  aspect  of  the  wrist  and  hand.  The  posterior  annular  ligament 
is  seen  extending  obliquely  across  the  back  of  the  wrist  over  the  tendons  of  the  extensor 
muscles.  Note  the  radial  artery  at  the  outer  part  of  the  wrist  disappearing  between  the  two 
heads  of  the  first  dorsal  interosseous  muscle. 

In  addition  to  occupying  a  deeper  plane,  the  deep  arch  contrasts  with  the  superficial  in  de- 
scribing a  less  sharply  defined  curve,  in  being  nearer  to  the  wrist,  and  in  possessing  a  smaller 
volume. 

The  two  arches  are  separated  by  the  flexor  tendons  and  lumbrical  muscles,  the  digital 
branches  of  the  median  nerve,  the  flexor  brevis  minimi  digiti  muscle,  and  by  the  deep  aponeurosis 
of  the  palm. 

The  posterior  annular  ligament,  which  is  merely  a  thickened  portion  of  the  deep  fascia, 
crosses  the  back  of  the  wrist  obliquely  from  without  inwards,  and  occupies  a  higher  level  than 
the  anterior  (fig.  93).  Externally  it  is  attached  to  the  lower  extremity  of  the  radius,  internally 
to  the  cuneiform  and  pisiform  bones  and  the  palmar  fascia.  By  means  of  septal  processes  which 
pass  from  its  deep  aspect  to  ridges  on  the  subjacent  bones,  viz.,  the  radius  and  ulna,  six  separate 
compartments  are  formed  for  the  extensor  tendons  and  their  synovial  sheaths.  Proceeding  from 
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without  inwards,  these  tendons  are  found  to  have  the  following  order  :  ( I )  the  extensor  ossis  meta- 
carpi  and  extensor  brevis  pollicis  ;  these  occupy  the  outer  rather  than  the  posterior  aspect  of  the 
lower  extremity  of  the  radius;  (2)  the  extensor  carpi  radialis  longior  and  brevior;  (3)  the  extensor 
longus  pollicis  ;  (4)  the  extensor  communis  digitorum  and  the  extensor  indicis  ;  (5)  the  extensor 
minimi  digiti  and  (6)  the  extensor  carpi  ulnaris.  As  these  tendons  pass  beneath  the  annular 
ligament,  they  cross  the  posterior  ligament  of  the  wrist-joint,  which  is  very  thin ;  in  some  places 
this  is  so  marked  that  when  the  tendons  are  turned  aside  out  of  their  grooves,  small  protrusions  of 
the  synovial  membrane  of  the  wrist -joint  are  brought  into  evidence  as  the  hand  is  alternately 
flexed  and  extended  upon  the  forearm. 

The  functions  of  the  hand. — A  general  view  of  its  structural 
arrangements  will  render  it  quite  evident  that  the  hand  is  essentially  an 
organ  of  touch  and  of  prehension.  As  regards  its  sensory  function,  it 
has  been  observed  that  the  papillary  layer  of  the  true  skin  is  particularly 
well  developed  over  the  palmar  aspect  of  the  terminal  phalanges,  and  that 
the  terminations  of  the  digital  nerves  are  connected  with  specialised  end 
organs,  viz.,  tactile  corpuscles.  The  degree  of  tactile  sensibility  is  prob- 
ably greatest  at  the  extremity  of  the  index  finger,  and  attains  a  remark- 
able degree  of  acuteness  in  the  blind,  who,  in  forming  their  judgment 
of  external  objects,  bring  to  their  aid  a  highly  cultivated  sensation  of 
touch,  which  to  a  large  extent  compensates  for  the  loss  of  sight. 

As  an  organ  of  prehension,  the  hand  may  be  regarded  as  a  peculiarly 
constituted  form  of  forceps,  which  is  capable  of  modifying  its  shape  and 
the  intensity  of  its  action  to  suit  the  conformation,  consistency,  etc.  of  the 
object  grasped.  In  considering  the  action  of  the  hand  in  this  direction, 
it  is  to  be  noted  that  the  thumb  forms  one  blade  of  the  forceps,  while  the 
other  is  represented  by  the  remaining  fingers,  either  individually  or 
collectively,  with  which  the  thumb  may  be  brought  jnto  opposition. 
This  property  of  the  thumb  cannot  be  overestimated ;  indeed,  the 
functional  capacity  of  the  hand  depends  largely  upon  the  integrity  of 
this  digit,  and  in  case  of  injury  or  disease,  no  effort  should  be  spared  to 
preserve  it  entire,  or  if  such  is  out  of  the  question,  as  much  of  it  as 
possible.  A  hand  deprived  of  the  thumb,  in  a  mechanical  sense,  is  little 
better  than  a  hook,  and  loses  its  power  to  an  extent  altogether  incompar- 
able to  that  which  results  from  the  loss  of  one  of  the  other  digits. 

In  addition  to  this  all-important  prehensile  function,  the  hand,  directed 
by  the  will,  and  guided  to  a  large  extent  by  the  eyes,  is  capable  of  per- 
forming a  great  variety  of  delicate  and  complicated  movements  through 
the  highly  co-ordinated  action  of  its  intrinsic  and  extrinsic  muscles,  as 
may  be  witnessed  in  the  dexterity  of  the  fingers  acquired  by  trained 
musicians,  skilled  mechanics,  and  in  many  of  those  who  perform  startling 
feats  of  legerdemain. 

The  strength  of  the  palm  and  its  capacity  for  resisting  pressure  is 
mainly  dependent  upon  the  dense  palmar  fascia.  This  structure  is 
subtended  beneath  the  arch  formed  by  the  carpus  and  metacarpus,  and 
affords  most  excellent  protection  to  the  various  structures — vascular, 
nervous,  and  muscular — which  are  contained  within  the  central  compart- 
ment of  the  palm. 

Dupuytren's  contraction  of  the  palmar  fascia. — This  form  of 
contraction  of  the  fingers  depends  upon  retraction  of  one  or  more  of  the 
digital  processes  of  the  palmar  fascia,  and  of  the  fibrous  bands  which 
connect  these  with  the  overlying  skin.  It  occurs  most  frequently  in  con- 
nection with  the  little  and  ring  fingers,  but  more  particularly  the  latter. 
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The  affected  finger  is  flexed  to  a  variable  extent  at  the  metacarpo- 
phalangeal  joint,  and  the  first  phalanx  may  be  slightly  flexed  also  on  the 
second.  The  degree  of  flexion  is  easily  increased  by  pressing  the  finger 
into  the  palm,  but  a  normal  degree  of  extension  is  impossible.  With 
forcible  efforts  to  straighten  the  finger,  the  contracted  band  stands  out  as 
a  rigid  cord  beneath  the  skin,  to  which  indeed  it  appears  to  adhere  very 
closely,  causing  it  to  wrinkle.  In  a  well  marked  case  the  cord  passes 
downwards  from  the  centre  of  the  palm  of  the  hand  to  the  level  of  the 
base  of  the  first  phalanx  of  the  contracted  finger,  and  in  dissected  sped- 
mens  it  has  been  found  to  have  attachments  to  the  periosteum  on  the 
lateral  aspects  of  the  phalanx.  Dupuytren's  contraction  is  frequently 
noted  in  individuals  past  middle  age,  and  in  those  whose  occupations 
necessitate  constant  pressure  of  tools,  etc.  against  the  palm.  The  more 
usual  forms  of  treatment  practised  for  the  correction  of  the  deformity 
consist  in  (a)  multiple  puncture  and  subcutaneous  division  of  the  bands ; 
or  (b)  excision  of  the  bands,  having  first  exposed  them  by  means  of  a 
longitudinal  incision  and  reflection  of  the  overlying  skin. 

Abscess  in  the  fingers  and  palm. — The  fingers,  owing  to  their 
constant  exposure  to  injury  and  septic  influences,  are  very  frequently  the 
seat  of  serious  inflammatory  mischief.  The  term  '  paronychia'  is  usually 
employed  to  signify  an  acute  form  of  inflammation  involving  the 
extremity  of  the  finger,  as  it  appears  to  originate  in  many  instances  in 
the  immediate  vicinity  of  the  finger-nail.  A  collection  of  pus  beneath 
the  epidermis  constitutes  the  subcuticular  variety  of  paronychia.  If  the 
pustule  be  promptly  evacuated,  the  inflammation  will  probably  subside 
with  rapidity  but  it  may  undermine  the  nail,  and  lead  to  suppuration 
of  the  nail-bed  (pnychid).  Inflammation  within  the  subcutaneous  tissue 
at  the  extremity  of  the  finger,  or  subcutaneous  paronychia  (whitlow),  is 
very  common,  especially  in  the  labouring  classes.  It  is  an  excessively 
painful  affection,  as  can  be  readily  explained  by  the  fact  that  the  inflamed 
area  is  overlaid  by  the  thick  and  often  horny  epidermis,  and  related 
deeply  to  the  periosteum,  the  result  being  that  tension  is  very  great. 
Unless  relieved  by  a  free  incision  the  suppurative  process  continues  to 
extend  and  is  guided  by  the  cutaneo-phalangeal  septa  towards  the  peri- 
osteum, as  this  is  the  direction  of  least  resistance.  A  periostitis  now 
develops,  a  subperiosteal  abscess  forms,  and  is  followed  by  necrosis  of 
the  terminal  phalanx — subperiosteal  paronychia.  The  entire  phalanx  does 
not  necrose  as  a  rule.  In  young  subjects  before  the  seventeenth  or 
eighteenth  year  the  sequestrum  separates  at  the  epiphysary  line.  Con- 
sequently the  distal  interphalangeal  joint  is  not  implicated,  and  the 
insertion  of  the  flexor  profundus  tendon  into  the  base  of  this  phalanx  is 
preserved. 

Suppuration  in  the  subcutaneous  tissue  of  the  fingers  may  involve 
the  theca  of  the  flexor  tendons  and  lead  to  infection  of  the  contained 
synovial  sheaths — thecal  paronychia.  The  spread  of  the  inflammatory 
process  within  the  sheath  is  usually  rapid,  but  the  extent  to  which  it  may 
attain  varies  with  the  particular  digit  affected.  From  the  account  of 
the  flexor  sheaths  given  above  (see  fig.  92)  it  will  be  evident  that  a  thecal 
abscess  in  the  index,  middle,  or  ring  finger  will  not  extend  in  a  proximal 
direction  beyond  the  heads  of  the  respective  metacarpal  bones,  as  the 
synovial  sheaths  end  blindly  at  this  level.  In  the  case  of  the  thumb  and 
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little  finger,  however,  a  much  more  serious  condition  of  affairs  is  apt  to 
supervene  as  the  synovial  sheaths  which  surround  the  flexor  tendons  of 
these  digits  extend  without  interruption  upwards  beneath  the  anterior 
annular  ligament  to  the  lower  part  of  the  forearm.  The  synovial  sheath 
of  the  little  finger  also  is  continuous  with  the  common  flexor  sheath 
(great  carpal  bursa),  which  occupies  the  greater  part  of  the  central 
compartment  of  the  palm.  Suppuration  spreading  throughout  this 
extensive  synovial  sheath  is  always  serious.  An  acutely  painful  swell- 
ing appears  in  the  palm,  not  very  rapidly  however,  owing  to  the 
resistance  offered  to  its  advance  by  the  dense  palmar  fascia,  and  the 
tissues  upon  the  front  of  the  wrist  quickly  become  red  and  cedema- 
tous,  indicating  that  the  upper  part  of  the  sheath  is  involved.  From 
the  central  compartment  of  the  palm  an  extension  of  the  process  very 
frequently  takes  place  in  a  dorsal  direction,  apparently  along  the  path 
of  the  perforating  branches  of  the  deep  palmar  arch  which  reach  the 
dorsum  of  the  hand  between  the  heads  of  the  dorsal  interossei  muscles. 
The  laxity  of  the  superficial  tissues  on  the  dorsum  permits  of  very 
extensive  swelling  in  this  region,  so  much  so  that  at  first  sight  the  great 
preponderance  of  the  dorsal  swelling  is  apt  to  lead  one  to  the  belief  that 
the  trouble  had  its  origin  here.  An  examination  of  the  palm,  however, 
will  probably  reveal  the  true  state  of  affairs.  Its  central  hollow  is  no 
longer  evident,  and  the  entire  hand  appears  much  distorted,  the  most 
evident  change  being  a  great  increase  in  its  antero-posterior  dimensions, 
and  with  this  is  associated  almost  complete  loss  of  movement  in  the 
fingers. 

Thecal  abscesses  are  liable  to  be  followed  by  grave  -consequences  as 
regards  the  function  of  the  hand,  by  causing  adhesions  of  the  tendons 
within  their  sheaths,  sloughing  of  the  tendons,  septic  arthritis  of  the 
metacarpo-phalangeal  or  interphalangeal  joints  and  subsequent  anky- 
losis,  and  also  extensive  matting  of  the  tissues  in  the  palm. 

Lines  for  incision  in  the  fingers  and  palm. — At  the  extremity  of  the 
finger,  i.e.  over  the  distal  phalanx,  an  incision  may  be  made  deeply  in  the 
middle  line.  It  should  be  made  early,  when  acute  inflammation  exists  at 
this  level,  so  as  to  avoid  periostitis  and  necrosis  of  the  terminal  phalanx. 

In  opening  a  thecal  abscess  of  the  finger,  the  incision  is  directed 
vertically  along  the  palmar  aspect  of  the  phalanx,  avoiding  the  lines  of 
the  flexures. 

Incisions  to  evacuate  pus  in  the  palm  may  be  made  (a)  on  the  distal 
side  of  the  superficial  palmar  arck,  over  the  distal  segments  of  the  meta- 
carpal  bones,  preferably  those  of  the  index  and  ring  fingers.  It  will  be 
noted  in  fig.  90  that  the  innermost  digital  artery  crosses  the  fifth  meta- 
carpal  bone  on  its  way  inwards,  and  that  the  digital  artery  to  the  second 
cleft  lies  for  a  short  distance  over  the  third  metacarpal  bone  ;  incisions 
directed  along  these  bones  therefore  entail  some  risk  of  haemorrhage. 

(b)  On  the  proximal  side  of  the  superficial  palmar  arch,  between  the 
ulnar  vessels  and  nerve  internally,  and  the  median  nerve  externally,  viz., 
along  the  radial  side  of  the  base  of  the  hypothenar  eminence.  The 
deep  palmar  arch,  owing  to  its  great  depth,  does  not  run  any  risk  of 
being  wounded. 

When  suppuration  extends  above  the  anterior  annular  ligament  the 
best  lines  for  incision  are  (a)  a  little  to  the  inner  side  of  the  central  axis 
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of  the  wrist,  i.e.  to  the  ulnar  side  of  the  median  nerve,  between  it  and  the 
ulnar  artery,  and  over  the  tendons  of  the  flexor  sublimis  digitorum 
muscle.  (U)  Suppuration  within  the  sheath  of  the  flexor  longus  pollicis 
tendon  will  be  reached  by  an  incision  between  the  radial  artery  and  the 
tendon  of  the  flexor  carpi  radialis  muscle  (fig.  89). 

When  the  central  compartment  of  the  palm  is  converted  into  a  large 
abscess  cavity,  it  is  usually  necessary  to  make  two  free  openings,  one 
above  and  one  below  the  annular  ligament ;  indeed  it  may  be  advisable  to 
connect  the  two  openings  by  an  incision  carried  through  the  annular 
ligament. 

Teno-synovitis. — Inflammation  of  the  tendon  sheaths  in  the  vicinity  of 
the  wrist  is  not  uncommon,  but  especially  of  those  belonging  to  the  flexor 
tendons  of  the  fingers  and  the  extensors  of  the  thumb.  Besides  the 
acute  suppurative  variety  just  described,  a  serous  form  of  inflammation 
may  be  met,  either  as  an  acute  or  chronic  affection.  The  chronic  variety 
of  teno-synovitis  is  probably  tubercular  as  a  rule,  and  sometimes  has  its 
seat  in  the  common  flexor  sheath  of  the  palm  (great  carpal  bursa).  With 
the  progress  of  the  disease  in  this  large  sac,  the  palm  of  the  hand  loses  its 
normal  concave  appearance,  it  fills  out  considerably,  and  may  even  appear 
slightly  convex  as  the  central  compartment  above  described  becomes  more 
and  more  distended  by  its  cystic  contents.  The  entire  swelling  has  to 
some  extent  -an  hour-glass  appearance,  the  constricted  part  corresponding 
to  the  unyielding  carpal  tunnel,  above  and  below  which  fluctuation  may 
be  elicited.  The  treatment  best  suited  for  such  cases  is  a  free  longitudinal 
incision  to  the  inner  side  of  and  parallel  to  the  median  nerve,  extending 
from  the  front  of  the  wrist  through  the  annular  ligament  into  the  palm. 
The  cystic  or  bursal  cavity  is  thus  opened,  its  contents  are  evacuated  and 
its  walls  freely  excised,  an  Esmarch  tourniquet  meanwhile  controlling  the 
circulation.  The  annular  ligament  is  subsequently  adjusted  with  care 
and  the  superficial  structures  sutured,  not,  however,  before  bleeding  has 
been  fully  controlled. 

Ganglion. — Small  circumscribed  cystic  swellings,  hemispherical  in 
outline  and  with  a  firm  elastic  consistency,  are  sometimes  found  in  con- 
nection with  the  extensor  tendons  on  the  back  of  the  wrist.  They 
arise  probably  in  many  instances  as  cystic  protrusions  of  the  tendon 
sheaths  (Billroth),  but  they  have  been  observed  also  somewhat 
frequently  in  connection  with  the  synovial  cavities  of  the  carpus. 
The  contents  of  these  cysts  are  usually  of  a  gelatinous  character, 
and  the  treatment  adopted  for  them  consists  in  rupture  of  the  cyst 
wall  by  a  smart  blow  or  by  forcible  pressure  of  the  thumb.  Should 
this  fail,  they  may  either  be  incised  subcutaneously  or  dissected  away 
completely. 

Wounds  of  the  hand  and  fingers  are  of  very  frequent  occurrence. 
They  may  be  punctured,  incised,  or  lacerated,  and  may  be  succeeded  by 
troublesome  consequences,  either  immediately  from  profuse  haemorrhage, 
or  after  some  days  by  the  development  of  septic  processes  in  the  depth  of 
the  palm  or  within  the  flexor  sheaths  of  the  fingers.  Division  of  tendons 
entails  loss  of  power  of  flexion  or  extension  of  one  or  more  fingers,  while 
anaesthesia  of  varying  extent  will  necessarily  follow  wounds  involving 
the  sensory  nerves — median,  ulnar,  radial — distributed  upon  the  palmar 
or  dorsal  aspect  of  the  hand. 
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The  source  of  the  haemorrhage  in  these  wounds  varies  with  their  site; 
it  may  proceed  from  a  large  superficial  volar,  from  the  ulnar  artery,  or 
from  the  superficial  or  deep  palmar  arch. 

As  a  general  rule  it  may  be  stated  that  haemorrhage  proceeding  from 
wounded  arteries  in  the  palm  is  best  treated  by  ligature  of  both  extremi- 
ties of  the  divided  vessel,  more  especially  if  carefully  applied  pressure  has 
been  tried  and  found  inefficient.  When  the  wound  is  extensive  the 
securing  of  the  bleeding  points  may  present  no  untoward  difficulty,  but 
when  it  is  deep  and  of  the  punctured  variety,  the  arrest  of  the  haemorrhage 
may  be  excessively  troublesome.  Instead  of  applying  ligatures  to  the 
divided  vessels,  these  may  possibly  be  seized  with  clip  forceps,  which  are 
allowed  to  remain  in  situ  for  twenty-four  hours.  It  has  been  proposed 
to  reach  the  deep  palmar  arch  from  the  dorsal  aspect  of  the  hand,  access 
to  it  having  been  obtained  by  resecting  the  proximal  segment  of  the 
third  metacarpal  bone  (Delorme). 

Ligature  of  the  ulnar  or  radial  artery  or  of  both  will  probably  fail  to 
arrest  haemorrhage  in  the  palm,  owing  to  the  free  anastomoses  (a)  between 
the  palmar  arches,  (b)  between  the  anterior  interosseous  artery  and  the 
carpal  arches.  Ligature  of  the  brachial  artery  at  the  elbow,  or  even  at  the 
middle  of  the  arm,  is  apt  to  fail  also,  owing  to  the  peculiar  freedom  of 
the  anastomotic  circulation  between  the  branches  of  the  brachial  and 
those  of  the  radial  and  ulnar  arteries  around  the  elbow-joint — see  p.  280. 

THE  WRIST-JOINT. — The  structures  entering  into  the  constitution  of  this  joint  are 
the  lower  extremity  of  the  radius  and  the  triangular  fibro-cartilage  above,  the  scaphoid,  semilunar, 
and  cuneiform  bones  of  the  carpus  below.  The  upper  articular  surface  is  concave  both  from  side 
to  side  and  from  before  backwards,  the  lower  is  convex  in  both  directions.  The  line  of  the 
articulation  is  curved,  the  summit  of  the  curve  lying  about  half  an  inch  above  a  straight  line 
connecting  the  ulnar  and  radial  styloids  (fig.  94). 

Ligaments.  — The  articular  surfaces  are  connected  by  a  capsule,  but  for  descriptive  purposes 
this  is  subdivided  into  anterior,  posterior,  and  lateral  ligaments.  The  anterior  ligament  extends 
from  the  anterior  margin  of  the  lower  end  of  the  radius,  the  triangular  fibro-cartilage,  and  the  ulnar 
styloid,  to  the  anterior  aspect  of  the  first  and  second  rows  of  the  carpal  bones.  It  possesses 
considerable  strength,  and  the  fibrous  bundles  of  which  it  is  composed  are  directed  for  the  most 
part  obliquely  downwards  and  inwards.  The  posterior  ligament  is  much  less  strong,  but  is  re- 
inforced by  the  extensor  tendons.  It  extends  from  the  posterior  margin  of  the  lower  end  of  the 
radius,  the  triangular  cartilage,  and  the  ulnar  styloid  to  the  dorsal  aspect  of  the  first  row  of  the 
carpal  bones  ;  its  fibres  also  are  directed  mainly  downwards  and  inwards.  The  internal  lateral 
ligament  is  attached  above  to  the  ulnar  styloid.  Its  anterior  fibres  are  connected  below  with  the 
pisiform  bone  and  annular  ligament,  and  the  remainder  reach  the  inner  extremity  of  the  cuneiform 
bone,  and  to  some  extent  its  dorsal  surface  also.  The  external  lateral  ligament  is  connected  at 
its  upper  extremity  to  the  tip  and  anterior  border  of  the  radial  styloid  ;  below,  it  is  fixed  to  the 
tuberosity  of  the  scaphoid  bone,  and  some  of  its  fibres  reach  the  os  magnum.  It  is  crossed  by  the 
radial  artery  and  by  the  extensor  tendons  of  the  thumb. 

The  Articulations  of  the  Carpus. — The  carpal  bones  are  arranged  in  two  rows — the  pisiform 
bone  not  being  included — and  the  bones  of  each  row  are  connected  by  dorsal,  palmar,  and  inter- 
osseous  ligaments.  The  junction  of  the  two  rows  which  is  known  as  the  media-carpal  articulation 
is  surrounded  by  a  complete  capsule,  consisting  of  dorsal,  palmar,  and  lateral  ligaments.  The 
articular  surface  presented  by  the  first  or  proximal  row  is  for  the  most  part  concave,  that  of  the 
second  or  distal  row  is  concavo-convex,  the  concave  portion  being  formed  by  the  trapezium  and 
trapezoid,  the  convex  portion  by  the  head  of  the  os  magnum  and  the  unciform  (figs.  90  and  94). 
In  addition  to  their  own  proper  ligaments,  the  carpal  articulations  are  reinforced  by  fibres  derived 
from  the  ligaments  of  the  wrist-joint  (radio-carpal)  and  from  the  sheaths  of  the  overlying  tendons. 

The  medio-carpal  joint  has  an  extensive  synovial  cavity,  which  corresponds  not  only  to  the 
interval  between  the  two  rows  of  the  carpus,  but  extends  upwards  and  downwards  also  between 
the  bones  of  each  row,  and  frequently  communicates  also  with  the  articulations  between  the  second 
row  of  the  carpus  and  the  four  inner  metacarpal  bones. 

The  following  synovial  cavities  are  found  at  the  wrist :  (i)  the  inferior  radio-ulnar  ;  (2)  the 
radio-carpal  (wrist-joint) ;  (3)  the  medio-carpal,  the  extent  of  which  has  just  been  noted  ; 
(4)  between  the  pisiform  and  cuneiform  bones  ;  (5)  between  the  trapezium  and  the  base  of  the 
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first  metacarpal  bone  ;  (6)  occasionally  the  articulation  between  the  unciform  bone  and  the  bases 
of  the  fourth  and  fifth  metacarpal  bones  exists  separately,  and  does  not  communicate  with  the 
medio-carpal  synovial  cavity. 

The  principal  movements  which  are  executed  at  the  wrist-joint  are 
those  which  take  place  around  its  transverse  and  antero-posterior  axes, 
flexion  or  forward  movement  and  extension  or  backward  movement 
being  effected  upon  the  former,  abduction  and  adduction  upon  the  latter. 
A  combination  of  these  movements  allows  of  circumduction.  The  absence 
of  rotatory  movement  is  compensated  for  by  the  movements  of  pronation 
and  supination  which  take  place  between  the  radius  and  ulna  at  the 
superior  and  inferior  radio-ulnar  joints. 


Styloid  Process  of  Radius. — 


-i Styloid  Process  of  Ulna. 

'^Triangular  Fibrocartilage. 
•»  First  Row  of  Carpal  Bones. 


~*^  Second  Row  of  Carpal  Bones. 


FIG.  94.  — Vertical  transverse  section  through  the  wrist  and  carpus.  The  following  articulations 
are  represented  :  (i)  inferior  radio-ulnar  ;  (2)  radio-carpal  ;  (3)  inter-carpal  and  medio-carpal ; 
(4)  carpo-metacarpal.  A  description  of  these  is'given  in  the  text. 

The  slight  degree  of  projection  of  the  two  styloid  processes  facilitates 
the  movements  of  adduction  and  abduction,  and  in  this  respect  the  wrist 
presents  a  remarkable  contrast  with  the  ankle-joint,  in  which  lateral 
movement  is  curtailed  to  a  large  extent  by  the  projecting  malleoli. 
Thus,  while  in  the  wrist  the  configuration  of  the  articular  surfaces  is  such 
as  to  permit  of  an  extended  range  of  movement,  in  the  ankle  it  is 
designed  rather  to  ensure  stability,  the  arrangement  in  each  case  being 
altogether  in  accord  with  the  functional  requirements  of  the  limb.  Of  the 
two  lateral  movements  at  the  wrist,  adduction  has  the  freer  range  ;  abduc- 
tion is  checked  by  the  internal  lateral  ligament  and  by  contact  between 
the  trapezium  and  the  radial  styloid,  which  projects  downwards  for  fully 
half  an  inch  lower  than  that  of  the  ulna.  The  movements  of  flexion  and 
extension,  but  especially  the  former,  are  considerably  increased  by  the 
gliding  motion  which  takes  place  between  the  two  rows  of  the  carpal 
bones  at  the  mid-carpal  joint.  The  numerous  articulations  also  between 
the  carpal  bones  render  the  hand  elastic  and  increase  its  strength, 
enabling  it  to  withstand  the  effects  of  severe  shocks,  as  in  falling  upon 
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the  outstretched  palm.  Further,  the  strength  of  the  mid-carpal  joint 
depends  not  only  upon  its  ligaments,  but  also  upon  the  configuration 
of  its  articular  surfaces,  any  tendency  to  lateral  displacement  being 
resisted  by  the  concavo-convex  outline  of  the  joint. 

Disease  of  the  Carpus. — Tubercular  disease  in  this  region  is  very 
apt  -to  assume  extensive  proportions,  and  to  interfere  seriously  with  or 
even  entirely  abolish  the  movements  of  the  hand  and  fingers.  When 
the  disease  commences  in  the  carpus  its  tendency,  as  might  be  expected, 
is  to  spread  rapidly  throughout  the  articulations,  its  progress  being 
greatly  facilitated  by  the  extensive  synovial  cavity  which  is  common  to 
the  carpal  bones,  and  which  not  infrequently  communicates  with  the 
carpo-metacarpal  articulations  of  the  four  inner  fingers,  and  occasion- 
ally, though  rarely,  with  the  cavity  of  the  radio-carpal  joint,  through  a 
deficiency  in  one  of  the  interosseous  ligaments  connecting  the  first  row 
of  the  carpus.  In  advanced  cases  the  carpal  bones  are  carious,  the 
intervening  articular  spaces  are  occupied  by  granulation  tissue,  the 
ligaments  of  the  wrist-joint  become  softened  and  relaxed,  allowing  of  an 
abnormal  degree  of  lateral  mobility  of  the  hand  and  the  metacarpus  is 
diseased  also  to  a  greater  or  lesser  extent.  The  tendon  sheaths,  both 
of  the  flexor  and  extensor  muscles,  owing  to  their  close  proximity  to 
these  parts,  are  frequently  invaded  also,  the  result  being  a  chronic  teno- 
synovitis  in  which  fungating  masses  of  granulation  tissue  distend  the 
sheaths  and  completely  surround  the  tendons.  The  wrist  and  the  carpo- 
metacarpal  segment  of  the  hand  are  greatly  swollen  and  are  maintained 
in  a  straight  line  with  the  forearm.  All  the  normal  landmarks  disappear, 
the  tapering  and  almost  motionless  fingers  below  and  the  wasted  forearm 
above  contribute  in  giving  the  diseased  area  a  spindle-shaped  outline, 
which  is  altogether  characteristic.  With  the  onset  of  suppuration, 
sinuses  are  established  and  have  their  orifices  usually  upon  the  back  of 
the  wrist. 

Excision  of  the  Wrist. — In  its  complete  form  this  operation  consists 
in  removing  the  carpus,  the  lower  articular  extremities  of  the  radius  and 
ulna,  and  the  articular  extremities  of  the  metacarpal  bones.  The  pro- 
cedure is  one  of  considerable  difficulty,  owing  to  the  large  number  of 
tendons  surrounding  the  wrist  and  the  stout  ligamentous  connections  of 
the  carpal  bones.  The  operation  is  usually  performed  with  a  view  to 
remove  the  products  of  tubercular  disease,  viz.,  caries  of  the  carpal  bones 
and  extensive  collections  of  tubercular  granulation  tissue.  Different 
modes  of  obtaining  access  to  the  field  of  operation  have  been  devised, 
one  of  the  most  instructive  perhaps  being  that  recommended  by  Kocher, 
and  of  which  the  following  is  a  brief  resume. 

Excision  of  the  wrist  by  a  dorso-ulnar  incision. — While  the  wrist  is 
maintained  in  the  flexed  attitude,  a  curved  incision  about  four  inches  in 
length  is  made  from  the  centre  of  the  dorsal  aspect  of  the  fifth  meta- 
carpal bone  outwards  to  the  centre  of  the  wrist,  and  upwards  along  the 
middle  line  of  the  forearm  for  a  couple  of  inches.  At  the  lower  ex- 
tremity of  the  incision  it  is  well  if  possible  to  avoid  the  commencement 
of  the  ulnar  vein  and  the  dorsal  branch  of  the  ulnar  nerve.  The 
posterior  annular  ligament  is  divided,  the  sheath  of  the  extensor 
communis  digitorum  and  extensor  minimi  digiti  is  opened,  and  the 
contained  tendons  are  displaced  towards  the  radial  side.  A  good 
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representation  of  the  structures  on  the  back  of  the  wrist  is  given  in 
fig-  93-  By  a  process  of  decortication,  the  ligaments  and  periosteum 
are  separated  from  the  bases  of  the  fourth  and  fifth  metacarpal 
bones,  the  unciform  and  cuneiform  bones,  and  the  tendon  of  the 
extensor  carpi  ulnaris  is  detached  from  its  insertion  into  the  base  of 
the  fifth  metacarpal  bone.  The  tendon  of  this  muscle  is  now  displaced 
from  its  groove  on  the  back  of  the  ulna  and  the  lower  extremity  of  this 
bone  is  divested  of  its  coverings,  the  triangular  fibro-cartilage  being 
removed  probably  at  the  same  time.  In  separating  the  cuneiform,  the 
pisiform  bone  is  detached  from  it  and  allowed  to  remain  in  connection 
with  the  tendon  of  the  flexor  carpi  ulnaris  muscle  (fig.  89).  The  unciform 
bone  is  not  completely  removed  ;  its  hook  is  snipped  off,  and  in  doing  so 
the  deep  branch  of  the  ulnar  nerve  is  somewhat  endangered.  The  next 
step  consists  in  drawing  aside  the  flexor  tendons  in  front  from  the  carpal 
tunnel,  and  in  clearing  the  bases  of  the  four  inner  metacarpal  bones  on 
their  palmar  aspect ;  the  insertion  of  the  flexor  carpi  radialis,  however,  into 
the  base  of  the  second  metacarpal  bone  is  preserved.  The  anterior  border 
of  the  radial  articular  surface  is  also  cleared  subperiosteally.  Returning 
to  the  dorsum,  the  posterior  margin  of  the  radius  is  stripped  in  the  same 
manner,  and  the  radial  extensor  tendons  as  well  as  those  of  the  thumb  are 
carefully  detached  from  their  grooves,  and  the  insertions  of  the  radial 
extensors  into  the  bases  of  the  second  and  third  metacarpal  bones  are 
preserved.  The  hand  is  now  forcibly  flexed  and  abducted  until  the 
thumb  rests  in  contact  with  the  radial  border  of  the  forearm,  the 
extensor  tendons  being  at  the  same  time  displaced  over  the  outer  border 
of  the  radius,  after  which  the  remaining  connections  of  this  bone,  includ- 
ing the  insertion  of  the  supinator  longus,  are  cleared  away.  The  enuclea- 
tion  of  the  carpus  is  next  proceeded  with  and  is  a  rather  tedious  process,, 
the  connections  of  the  trapezium  being  especially  a  source  of  difficulty, 
due  largely  to  the  tendon  of  the  flexor  carpi  radialis  which  occupies  a 
deep  groove  on  its  palmar  aspect ;  the  radial  artery,  too,  is  closely  related 
to  the  dorsal  aspect  of  this  bone,  and  must  be  carefully  avoided.  The 
final  steps  of  the  operation  consist  in  the  section  of  the  lower  extremities 
of  the  radius  and  ulna  and  of  the  bases  of  the  metacarpal  bones. 

The  points  claimed  in  favour  of  this  operation  are,  that  (i)  it  affords 
excellent  access  to  the  seat  of  disease,  and  that  (2)  the  insertions  of  the 
radial  extensor  muscles  are  preserved. 

The  operations  of  Lister  and  Oilier  entail  two  incisions,  one  upon  the 
dorso-radial  and  another  upon  the  dorso-ulnar  aspect  of  the  hand  and 
forearm.  For  fuller  details,  however,  the  reader  must  consult  a  standard 
work  on  operative  surgery. 

Amputation  through  the  Wrist-joint  is  rarely  performed.  It  is 
indicated  occasionally  in  severe  injuries  of  the  hand,  but  not  until 
it  is  quite  evident  that  all  prospect  of  saving  even  a  small  portion 
of  the  latter  is  beyond  the  range  of  possibility.  Only  in  extremely 
rare  cases  could  amputation  be  performed  at  this  level  for  tubercular 
disease  of  the  hand,  as  the  peri-articular  tissues  and  the  integumentary 
coverings  of  the  wrist  would  inevitably  be  implicated  to  such  an  extent 
that  a  section  through  the  lower  part  of  the  forearm  would  be  a  matter 
of  necessity.  The  form  of  amputation,  too,  at  the  wrist  must  in  many 
cases  depend  upon  the  tissues  available  for  covering  the  extremities  of 
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the  bones  of  the  forearm,  but  whenever  it  is  possible  an  anterior  or  palmar 
flap  is  raised.  As  the  tissues  upon  the  palmar  aspect  of  the  hand  are  well 
supplied  with  blood,  they  bear  pressure  well,  and  the  resulting  scar  lies 
upon  the  dorsal  aspect  of  the  stump.  A  circular  amputation  has  the 
disadvantage  of  providing  scanty  covering  for  the  bones  and  a  cicatrix 
which  is  terminal. 

Amputation  by  an  elliptical  incision. — The  lateral  extremities  of  the 
palmar  portion  of  the  incision  correspond  to  the  lower  border  of  the 
pisiform  bone  on  the  inside,  to  the  carpo-metacarpal  joint  of  the  thumb 
on  the  outside,  and  the  summit  of  the  incision  reaches  downwards  to 
a  point  on  the  palm  about  two  inches  below  the  junction  of  the  wrist 
with  the  hand.  The  dorsal  incision,  which  is  the  backward  continuation 
of  that  in  the  palm,  has  a  curved  outline,  the  concavity  of  the  curve 
looking  towards  the  fingers,  and  its  highest  point  about  half  an  inch 
on  the  distal  side  of  the  wrist-joint ;  the  entire  incision  consequently  has 
an  elliptical  outline.  The  superficial  tissues  on  the  dorsum  of  the  hand 
are  divided,  the  dorsal  branch  of  the  ulnar  nerve  and  the  radial  nerve 
being  included  with  these.  Commencing  at  the  radial  border  of  the 
wrist,  the  incision  is  carried  through  the  extensor  tendons,  the  radial 
artery,  the  external  lateral,  posterior  and  internal  lateral  ligaments  of  the 
wrist-joint,  and  the  articulation  is  freely  opened.  The  incision  having  been 
deepened  somewhat  at  each  lateral  angle,  the  section  is  prolonged  from 
behind  forwards  through  the  flexor  tendons  and  the  median  nerve,  and 
the  knife  is  brought  out  along  the  line  of  the  palmar  incision.  The 
superficial  volar  artery  is  divided  in  the  palmar  flap,  and  the  ulnar  artery, 
with  the  accompanying  nerve,  is  divided  at  the  ulnai"  extremity  of  the 
palmar  incision,  just  beyond  where  it  divides  into  its  superficial  and  deep 
branches. 

The  joint  is  opened  on  its  radial  aspect  in  order  to  avoid  injury  to 
the  triangular  cartilage  and  the  inferior  radio-ulnar  joint  (fig.  94). 

Portions  of  the  short  muscles  of  the  thenar  and  hypothenar  eminences 
are  contained  in  the  anterior  or  palmar  flap. 

The  Lower  Extremity  of  the  Radius  is  the  most  massive  part  of  the  bone,  and  presents 
an  outline  which  is  roughly  quadrilateral.  It  does  not  lie  in  the  same  line  with  the  remainder  of 
the  shaft,  however,  but  is  curved  forwards,  the  degree  of  curvature  being  such  that  the  general 
plane  of  the  anterior  surface  of  the  bone  if  prolonged  downwards  would  cut  the  carpal  articular 
surface,  approximately  at  the  junction  of  its  anterior  and  middle  thirds.  This  extremity  of  the 
bone  is  curved  also  from  side  to  side,  and  presents  a  concave  appearance  in  front  with  a 
corresponding  convexity  behind.  In  front  it  is  related  to  the  flexor  tendons  and  their  synovial 
sheaths.  Behind  it  displays  an  alternating  series  of  depressions  for  the  extensor  tendons  and 
irregular  bony  elevations,  to  which  septa  derived  from  the  posterior  annular  ligament  are 
attached.  The  outer  surface  of  the  bone  is  small  in  extent,  it  affords  insertion  to  the  supinator 
longus  muscle,  and  is  occupied  by  a  shallow  groove  for  the  tendons  of  the  extensor  ossis 
metacarpi  and  extensor  brevis  pollicis  muscles.  It  terminates  inferiorly  in  the  pointed  styloid 
process,  the  summit  of  which  is  slightly  behind  the  groove.  The  inner  surface  presents  a  concave 
articular  facet,  the  long  axis  of  which  is  directed  from  before  backwards,  and  which  articulates 
with  the  head  of  the  ulna,  but  is  separated  from  the  lower  or  carpal  articular  surface  by  a  narrow 
ridge,  to  which  the  base  of  the  triangular  fibro-cartilage  is  attached  (fig.  94).  The  carpal  articular 
surface,  triangular  in  outline,  is  inclined  downwards  and  forwards,  and  is  subdivided  by  a  median 
ridge  into  two  areas,  an  outer  for  the  scaphoid,  and  an  inner  for  the  semilunar  bone.  The 
anterior  and  posterior  sharp  margins  of  this  surface  give  attachment  to  the  corresponding 
ligaments  of  the  wrist-joint. 

Colics'  Fracture. — This  is  a  transverse  fracture  of  the  lower  extremity 
of  the  radius  ;  it  is  situated  usually  within  three-quarters  of  an  inch  of  the 
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wrist-joint,  and  its  most  frequent  cause  is  a  fall  upon  the  palm  of  the 
hand.  It  is  characterised  in  the  great  majority  of  cases  by  a  displace- 
ment of  the  lower  fragment,  which  is  very  constant  in  its  direction,  and 
by  a  very  striking  deformity  at  the  wrist.  As  regards  the  mechanism 
of  the  fracture,  it  seems  most  likely  that  when  the  impact  is  received 
upon  the  palm,  the  long  axis  of  the  forearm  is  inclined  to  the  ground  at 
an  angle  of  less  than  sixty  degrees,  A  great  strain  is  thrown  upon  the 
front  of  the  wrist,  the  anterior  ligament  of  this  joint  is  powerfully  stretched, 
the  carpus  bulges  forcibly  against  it,  with  the  result  that  the  lower  ex- 
tremity of  the  radius  is  torn  oft— fracture  par  arrachement  (Le"compte). 
The  resisting  power  of  the  ligaments  is  evidently  greater  than  that  of  the 
lower  extremity  of  the  radius,  and  in  connection  with  this  point  it  is  de- 
serving of  note  that  the  expansion  of  the  bone  at  this  level  is  not  accom- 
panied by  a  corresponding  increase  in  its  strength.  In  reality  the  increase 
in  its  volume  takes  place  at  the  expense  of  its  solidity,  for  a  longitudinal 
section  of  the  bone  shows  that  the  outer  compact  layer  has  diminished 
enormously  in  thickness,  and  that  the  bulk  of  the  mass  is  composed  of 
cancellous  tissue. 

The  usual  displacement  with  this  fracture  is  that  in  which  the  lower 
fragment  is  carried  backwards,  or  backwards  and  upwards,  and  may 
or  may  not  be  associated  with  impaction.  The  following  varieties 
of  the  injury  have  been  described.  I.  Displacement  of  the  lower 
fragment  without  impaction.  The  lower  fragment  with  the  hand  (a)  is 
carried  backwards,  (b}  it  also  undergoes  rotation  upon  a  transverse  axis 
in  such  a  way  that  its  articular  surface  changes  its  normal  direction 
and  looks  backwards  as  well  as  downwards,  and  (c)  its  outer  extremity, 
viz.,  the  styloid  process,  rises.  In  the  latter  movement  the  lower 
fragment  hinges  upon  the  triangular  fibro-cartilage  at  the  wrist,  the 
styloid  process  rises  to  the  same  level  or  even  higher  than  that  of  the 
ulna,  the  hand  is  deflected  to  the  radial  side,  and  the  lower  extremity  of 
the  ulna  becomes  very  prominent.  Should  the  force  be  excessive  and 
continue  to  act,  the  strain  thrown  upon  the  triangular  cartilage  may  lead 
to  a  fracture  of  the  ulnar  styloid,  into  which  the  apex  of  the  cartilage  is 
attached,  or  the  latter  may  tear,  and  if  the  internal  lateral  ligament  of 
the  wrist  and  the  inferior  radio-ulnar  ligaments  give  way  also,  the  lower 
extremity  of  the  ulna  may  be  actually  protruded  through  the  skin. 
2.  Fracture  with  impaction  of  the  upper  into  the  lower  fragment. 
The  impaction  may  be  of  such  a  nature  that  both  the  anterior  and 
posterior  compact  layers  of  the  upper  fragment  penetrate  and  remain 
imbedded  in  the  lower  fragment,  or  the  impaction  may  be  of  the 
reciprocal  variety  (Voillemier),  i.e.  the  anterior  and  posterior  surfaces 
of  the  two  fragments  alternate  across  the  zone  of  impaction  ;  thus  in 
passing  from  before  backwards  they  are  met  with  in  the  following  order, 
anterior  compact  layer  of  upper  fragment,  anterior  compact  layer  of 
lower  fragment,  posterior  compact  layer  of  upper  fragment,  posterior 
compact  layer  of  lower  fragment.  Another  variety  of  impaction  is  that 
in  which  the  lower  fragment,  without  being  displaced  backwards,  hinges 
in  front  upon  the  upper  fragment,  with  the  result  that  impaction  of  the 
upper  into  the  lower  takes  place  posteriorly,  or  rather  posteriorly  and 
externally.  The  direction  of  the  carpal  articular  surface  now  becomes 
reversed  ;  it  looks  upwards,  backwards  and  outwards,  instead  of  down- 
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wards,  forwards  and  inwards.  According  to  Voillemier  this  is  the  most 
common  variety  of  impaction.  3.  Fracture  with  comminution  of  the 
lower  fragment — fracture  par  fcrasement  of  Dupuytren.  In  this  variety 
of  Colics'  fracture  the  upper  fragment  is  driven  with  such  force  into  the 
lower  that  comminution  results,  and  several  lines  of  fracture  appear  on 
the  lower  articular  surface  of  this  fragment. 

In  typical  cases  of  Colics'  fracture,  with  the  displacements  just 
described,  the  diagnosis  of  the  injury  is  made  at  a  glance  by  the 
characteristic  deformity  of  the  wrist,  which  has  been  aptly  compared 
in  its  outline  to  an  'inverted  spoon  '  or  a  'silver  fork.'  In  some  cases, 
however,  the  degree  of  displacement  is  slight,  and  beyond  pain  and 
swelling  at  the  wrist  no  further  objective  symptoms,  such  as  crepitus  and 
evident  deformity,  are  to  be  noted  ;  in  fact,  the  injury  might  readily  be 
mistaken  for  a  sprain.  In  the  absence  of  proper  retentive  apparatus, 
however,  displacement  may  take  place  subsequently  and  cause  deformity 
of  an  exaggerated  type.  It  is  obvious,  therefore,  that  muscular  action, 
in  addition  to  the  original  force  which  caused  the  fracture,  is  capable  of 
causing  displacement. 

Colles'  Fracture  Reversed. — This  injury  is  usually  caused  by  a  fall  on 
the  back  of  the  hand.  The  mechanism  of  the  fracture  is  probably 
similar  to  that  just  described  for  the  ordinary  form,  but  with  the 
difference  that  the  lower  fragment  is  displaced  forwards. 

Epiphysary  separation  may  take  place  at  the  lower  end  of  the  radius 
before  the  twentieth  year.  The  resulting  deformity  resembles  in  certain 
of  its  features  that  of  Colics'  fracture,  but  abduction  of  the  hand  is  not 
so  marked,  the  deformity  is  easily  reduced,  and  when  reduction  has  been 
effected  it  is  found  that  the  two  styloids  maintain  their  normal  relation- 
ships, and  there  is  scarcely  any  perceptible  deviation  from  the  normal 
direction  of  the  carpal  articular  surface. 

Dislocation. — The  extreme  rarity  of  dislocation  at  the  wrist-joint  is 
to  be  attributed  to  the  manner  in  which  violent  shocks  transmitted  from 
the  hand  to  the  wrist  are  to  a  large  extent  diffused  throughout  the 
carpal  articulations  ;  to  the  strength  of  the  anterior  ligament  of  the  wrist- 
joint,  and  to  the  fact  that  the  violence  is  received  upon  the  short  arm  of 
the  lever,  viz.,  the  hand. 

The  Metacarpo-phalangeal  Joint  of  the  Thumb. — This  joint 
deserves  special  attention  in  consequence  of  its  being  occasionally  the 
seat  of  a  troublesome  form  of  dislocation — Hey's  dislocation  of  the 
thumb. 

This  articulation  is  of  the  enarthrodial  variety,  the  convex  articular  extremity  of  the  first 
metacarpal  bone  articulating  with  the  concave  basal  extremity  of  the  first  phalanx  and  with 
the  glenoid  ligament.  This  last  is  a  stout  fibro-cartilaginous  plate  which  connects  the  bones 
on  their  palmar  aspects.  Its  connection  with  the  phalanx  is  very  firm,  but  with  the  meta- 
carpal bone  it  is  decidedly  lax,  and  in  addition  to  binding  the  bones  together  it  also  helps  to 
increase  the  extent  of  surface  for  articulation  with  the  metacarpal  bone.  Two  sesamoid  bones 
are  developed  in  its  substance  ;  each  of  these  provides  attachment  in  front  for  the  short  muscles 
of  the  thumb,  the  abductor  and  outer  head  of  the  flexor  brevis  being  connected  with  the  outer, 
the  adductor  and  the  inner  head  of  the  flexor  brevis  with  the  inner  sesamoid  bone.  The  dorsal 
aspect  of  each  is  covered  with  cartilage  and  glides  over  a  shallow  grooved  facet  beneath  the  head 
of  the  metacarpal  bone.  The  lateral  ligaments  are  short  stout  bands,  which  are  attached  to  a 
depression  on  each  side  of  the  head  of  the  metacarpal  bone  above,  and  to  the  sides  of  the  base 
of  the  first  phalanx  and  to  the  sesamoid  bones  below.  The  posterior  ligament  is  represented 
mainly  by  the  extensor  tendons,  but  in  addition  to  these  a  few  scattered  ligamentous  fibres 
connect  the  articular  surfaces. 
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The  usual  cause  of  dislocation  at  this  joint  is  forcible  hyper-extension 
of  the  thumb  by  a  fall  upon  the  outstretched  hand,  as  the  result  of  which 
a  great  strain  is  thrown  upon  the  front  of  the  joint,  the  glenoid  ligament 
gives  way  at  its  attachment  to  the  metacarpal  bone,  one  or  other  lateral 
ligament,  usually  the  outer,  may  give  way  also,  and  the  phalanx,  carry- 
ing with  it  the  glenoid  ligament  and  sesamoid  bones,  is  carried  backwards 
and  comes  to  rest  in  contact  with  the  metacarpal  bone  on  its  dorsal 
aspect.  The  head  of  this  bone  in  consequence  projects  prominently 
in  front,  and  great  difficulty  is  sometimes  encountered  in  attempts  at 
effecting  reduction.  As  the  result  of  extended  investigation  as  to  why 
this  should  be  so,  it  would  appear  that  when  traction  is  put  upon  the 
thumb  in  the  direction  of  the  long  axis  of  the  metacarpal  bone  the 
tendency  is  for  the  glenoid  ligament  to  become  more  and  more  tightly 
wedged  against  the  metacarpal  bone  through  the  agency  of  the  sesamoid 
bones,  which  are  held  tightly  fixed  by  the  short  muscles  of  the  thumb  in- 
serted into  each  (Farabceuf).  To  overcome  this  difficulty  it  is  necessary 
to  proceed  with  reduction  in  a  different  way,  viz.,  as  follows.  The  dis- 
located thumb  is  still  further  extended,  i.e.  carried  backwards,  until  it 
forms  a  right  angle  with  the  dorsal  surface  of  the  metacarpal  bone. 
While  held  in  this  position,  the  base  of  the  phalanx  is  carried  steadily 
towards  the  head  of  the  metacarpal  bone,  and  as  soon  as  it  is  thought  to 
be  clear  of  this,  and  while  traction  is  fully  maintained,  it  is  suddenly 
flexed  and  carried  inwards  towards  the  palm.  By  this  manoeuvre  it  is 
sought  to  first  disengage  the  glenoid  ligament  and  sesamoid  bones,  and 
subsequently  to  restore  the  articular  surfaces  to  their  normal  position. 

According  to  Malgaigne  and  others,  the  obstacle  to  reduction  is 
offered  by  the  muscles  inserted  into  the  sesamoid  bones.  The  tension  of 
the  lateral  ligaments  of  the  joint  has  been  regarded  as  the  cause  of  the 
difficulty  by  Hey  and  Dupuytren. 

Amputation  of  Fingers. — Amputation  of  a  portion  of  one  or  more 
fingers  is  frequently  required  in  cases  of  severe  injury  to  the  hand,  and 
occasionally  on  account  of  disease.  In  every  instance,  however,  as  much 
of  each  finger  as  possible  should  be  saved,  but  more  especially  when  the 
little  or  index  finger  is  concerned,  as  these  act  so  much  in  conjunction 
with  the  thumb.  Even  in  extreme  cases  it  is  well  to  remember  that  the 
smallest  portion  of  the  hand  is  of  the  greatest  value  to  the  individual,  and 
that  its  place  can  never  be  properly  taken  by  any  sort  of  artificial  sub- 
stitute. 

Amputation  of  a  finger  may  be  performed  through  one  of  the  inter- 
phalangeal  or  through  the  metacarpo-phalangeal  articulation,  or  through 
one  of  the  phalanges.  When  the  tip  of  a  finger  alone  requires  to  be  re- 
moved it  is  well  to  leave  the  base  of  the  distal  phalanx  in  the  stump,  as 
it  carries  the  insertion  of  the  flexor  profundus  tendon.  It  is  of  consider- 
able advantage,  also,  to  preserve  portion  of  the  middle  phalanx — from 
one-third  to  half — so  that  the  tendon  of  the  flexor  sublimis  digitorum 
muscle,  which  is  attached  by  two  slips  into  its  lateral  aspects,  may  be 
preserved  for  the  purpose  of  flexing  the  part  of  the  finger  which  remains. 
In  an  amputation  at  the  level  of  the  proximal  interphalangeal  joint  both 
flexor  tendons  are  divided,  and  as  they  lie  loosely  within  the  theca  or 
fibrous  sheath  they  retract  freely  towards  the  palm  ;  the  theca  also,  by 
reason  of  its  rigid  character,  prevents  the  walls  of  the  tunnel  coming 
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together,  and  accordingly  it  remains  widely  patent.  In  such  cases  the 
first  phalangeal  segment  of  the  finger  which  is  left,  loses  its  power  of  • 
flexion,  and  instead  of  being  an  advantage,  may  be  an  actual  encum- 
brance to  its  possessor.  It  is  well,  therefore,  to  connect  the  divided 
tendons  with  the  margins  of  the  sheath,  so  that  they  may  become  attached 
to  it  and  render  flexion  of  the  stump  possible.  Again,  it  is  of  importance, 
in  cases  in  which  the  parts  in  the  vicinity  of  the  wound  are  in  a  highly 
septic  condition,  to  close  the  open  mouths  of  the  flexor  sheath,  lest  a 
collection  of  pus  between  the  flaps  should  subsequently  travel  upwards 
to  the  palm.  If  the  amputation  be  done  at  the  level  of  the  proximal 
interphalangeal  joint  the  margin  of  the  theca  may  be  connected  by  suture 
with  the  divided  glenoid  ligament,  but  if  the  amputation  be  done  through 
the  proximal  or  middle  phalanx  the  theca  should  be  connected  with  a 
small  portion  of  the  periosteum  detached  from  the  palmar  aspect  of  the 
phalanx. 

The  form  of  amputation  best  suited  for  the  fingers  is  that  which 
provides  a  long  palmar  flap.  In  the  case  of  the  interphalangeal  joints  a 
curved  incision  is  made  across  the  dorsum  of  the  finger,  its  convexity 
being  directed  towards  the  tip  of  the  finger ;  the  joint  is  opened  from 
the  dorsum,  and  the  cutting  edge  of  the  knife  is  passed  beneath  the  base 
of  the  distal  bone,  and  while  it  is  maintained  in  close  contact  with  the 
latter  on  its  palmar  aspect  an  incision  is  carried  forwards  in  the  direction 
of  the  long  axis  of  the  finger.  When  sufficient  length  of  flap  has  been 
obtained,  the  edge  of  the  knife  is  turned  abruptly  towards  the  skin  and 
the  intervening  tissues  are  divided.  The  flap  is  turned  upwards  over 
the  bone,  and  when  healing  has  been  effected  the  resulting  scar  will  be 
placed  dorsally.  The  stump  so  fashioned  is  well  covered  by  the  thick 
palmar  integument ;  it  is  well  endowed  with  sensibility  and  has  a  good 
blood  supply  ;  it  is  also  eminently  adapted  to  withstand  pressure.  A 
cicatrix  at  the  extremity  of  a  finger  stump  or  on  its  palmar  aspect  is  to 
be  carefully  avoided  for  reasons  which  are  obvious. 

Removal  of  the  entire  finger  is  effected  at  the  metacarpo-phalangeal 
joint,  the  usual  form  of  amputation  being  by  means  of  a  racket-shaped 
incision.  This  consists  of  a  circular  or  oval  section  carried  around  the 
finger  at  the  level  of  the  free  margin  of  the  web,  and  in  addition  a  short 
straight  incision  upon  the  dorsum,  extending  upwards  to  the  level  of  the 
neck  of  the  metacarpal  bone.  The  joint  will  be  found  about  three-quarters 
of  an  inch  above  the  web.  The  resulting  cicatrix  is  situated  dorsally,  and 
occupies  the  deep  groove  which  separates  the  adjoining  fingers.  Removal 
of  the  head  of  the  metacarpal  bone  is  sometimes  carried  out  in  addition, 
with  the  object  of  rendering  the  deformity  resulting  from  the  loss  of  the 
finger  less  evident,  but  although  the  immediate  result  of  removal  of  the 
head  of  the  bone  may  be  pleasing  from  the  aesthetic  standpoint,  yet  it 
entails  diminished  power  of  the  grasp  and  a  loss  in  the  general  utility  of 
the  hand.  For  these  reasons  it  appears,  except  in  rare  instances,  to  be 
deserving  of  condemnation. 

THE  LARGE  NERVE  TRUNKS  OF  THE  UPPER  LIMB. 

The  large  nerves  which  proceed  from  the  brachial  plexus  to  supply 
the  upper  limb  have  been  already  noted  at  different  parts  of  their  course, 
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their  relations  to  other  structures  have  been  described,  and  the  reader 
has  been  warned  as  to  the  risk  they  incur  of  being  injured  in  various 
operative  procedures  practised  throughout  the  arm.  It  is  desirable,  how- 
ever, that  these  nerves  should  now  be  reviewed  in  their  entire  extent, 
and  that  certain  points  of  practical  interest  bearing  on  each  should  be 
considered,  as  well  as  the  results  which  follow  when  they  are  paralysed. 

THE  MUSCULO-SPIRAL  NERVE.— This  nerve  derives  origin  from  all  the  nerves 
which  go  to  form  the  posterior  cord  of  the  brachial  plexus,  viz.,  the  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves.  The  relationships  which  it  maintains  with  the  axillary  and  brachial 
arteries,  as  well  as  its  course  throughout  the  arm,  have  been  fully  described,  p.  249  and  278.  It 
gives  off  the  following  branches  above  the  elbow,  (a)  Internal  cutaneous  branch. — This  nerve 
usually  arises  within  the  axilla.  It  crosses  over  the  tendon  of  the  latissimus  dorsi,  and  gains 
the  postero-internal  aspect  of  the  arm  ;  it  supplies  a  strip  of  integument  reaching  down  almost  to 
the  elbow,  (b)  Upper  external  cutaneous  branch. — This  nerve  pierces  the  brachial  aponeurosis 
in  the  line  of  the  external  intermuscular  septum,  and  is  distributed  to  the  skin  over  the  lower 
and  back  part  of  the  arm,  and  over  part  of  the  outer  and  posterior  aspects  of  the  forearm, 
(c)  Lower  external  cutaneous  branch. — This  is  a  larger  nerve,  and,  like  the  latter,  pierces  the 
brachial  aponeurosis  slightly  behind  the  external  intermuscular  septum.  It  descends  over  the 
supinator  longus  in  front  of  the  external  condyle  of  the  humerus  and  supplies  the  skin  on  the 
postero-external  aspect  of  the  forearm  in  its  upper  two-thirds,  (d)  A  motor  branch  to  each 
of  the  heads  of  the  triceps.  That  for  the  long  head  arises  within  the  axilla  ;  the  two  others, 
however,  have  their  origin  within  the  musculo-spiral  groove.  The  nerve  to  the  anconeus  comes 
off  in  conjunction  with  the  motor  branch  to  the  inner  head  of  the  triceps,  and  descends  in 
the  substance  of  the  muscle  to  the  interval  between  the  outer  condyle  and  the  olecranon,  where 
it  sinks  into  the  anconeus.  (e)  Motor  branches  to  the  brachialis  anticus,  supinator  longus,  and 
extensor  carpi  radialis  longior  muscles  are  given  off  after  the  musculo-spiral  nerve  has  pierced  the 
external  intermuscular  septum,  and  as  it  lies  deeply  in  the  groove  between  these  muscles  (fig.  82). 

The  nerve  trunk  divides  into  its  two  terminal  branches  in  front  of  the  external  condyle  of  the 
humerus. 

The  posterior  interosseous  nerve  is  directed  downwards  and  backwards  through  the  substance 
of  the  supinator  brevis  muscle  to  the  outer  side  of  the  shaft  of  the  radius,  and  gains  the  cellular 
interspace  between  the  superficial  and  deep  extensor  muscles  upon  the  back  of  the  forearm.  As  it 
approaches  the  wrist  it  comes  into  contact  with  the  interosseous  membrane,  and  at  its  termination 
develops  a  gangliform  enlargement,  from  which  small  filaments  proceed  to  the  carpal  articulations. 
This  nerve  supplies  the  extensor  carpi  radialis  brevior,  the  supinator  brevis,  the  extensors  of 
the  fingers  and  thumb,  and  the  extensor  carpi  ulnaris  muscle. 

The  radial  nerve  is  entirely  sensory  in  function.  It  descends  beneath  the  supinator  longus 
and  approaches  the  radial  artery,  which  it  accompanies  in  the  middle  third  of  the  forearm.  In 
the  lower  third  the  nerve  leaves  the  artery  and  passes  backwards  beneath  the  tendon  of  the 
supinator  longus,  and  having  pierced  the  deep  fascia,  directs  its  course  to  the  back  of  the  wrist, 
where  its  terminal  branches  are  given  off.  These  supply  both  sides  of  the  thumb  on  its  dorsal 
aspect,  the  radial  side  of  the  index,  the  adjacent  sides  of  the  index  and  middle  fingers,  and  of  the 
middle  and  ring  fingers.  These  digital  branches  do  not  proceed  further  than  the  second  phalanges, 
the  remaining  area  of  skin  on  the  dorsum  of  these  fingers  being  supplied  by  the  digital  branches 
of  the  median  nerve.  The  radial  nerve  communicates  with  the  dorsal  branch  of  the  ulnar  on  the 
dorsum  of  the  hand. 

The  spinal  origins  of  the  branches  of  the  musculo-spiral  nerve  are  as  follows: — I.  Sen- 
sory branches : — Internal  cutaneous,  C  8.  Upper  external  cutaneous,  C  (5)  6.  Lower  external 
cutaneous,  C  6,  7,  8.  Radial,  C  6,  7.  Motor  branches : — Triceps  and  anconeus,  C  7,  8.  Sup- 
inator longus,  C  5,  6.  Extensor  carpi  radialis  longior  and  brevior,  C  (5)  6,  7  (8).  Supinator 
brevis,  C  (5)  6.  The  extensors  of  the  fingers,  index,  little  finger,  thumb,  and  the  extensor  carpi 
ulnaris,  C  (5)  6,  7,  8.  Brachialis  anticus,  C  (5),  6. 

THE  MEDIAN  NERVE.— This  nerve  is  derived  from  the  sixth,  seventh,  and  eighth 
cervical  nerves  and  the  first  dorsal  nerve.  Its  course  and  relationships  in  the  axilla  and  arm  have 
been  fully  described,  p.  250  and  278,  and  do  not  require  further  mention  here.  The  nerve,  on 
entering  the  forearm,  passes  between  the  two  heads  of  the  pronator  radii  teres,  and  is  separated  by 
the  deep  head  of  this  muscle  from  the  ulnar  artery.  It  follows  approximately  the  middle  line  of 
the  forearm  between  the  superficial  and  deep  flexor  muscles  of  the  fingers,  and  is  accompanied  by 
a  long  slender  artery.  At  the  wrist  it  lies  between  the  flexor  carpi  radialis  and  the  flexor  sublimis 
digitorum,  it  then  accompanies  the  superficial  and  deep  flexor  tendons  beneath  the  anterior 
annular  ligament  and  enters  the  palm,  where  it  divides  into  its  terminal  branches. 

As  a  rule  no  branch  is  given  off  by  the  median  nerve  above  the  elbow.  At  this  level, 
however,  its  branch  to  the  pronator  radii  teres  takes  origin,  and  somewhat  further  down,  i.e.  at 
the  upper  part  of  the  forearm,  it  supplies  motor  branches  to  the  flexor  carpi  radialis,  palmaris 
longus,  and  flexor  sublimis  digitorum  muscles.  Its  anterior  interosseous  branch  descends  in 
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front  of  the  interosseous  membrane  and  supplies  the  outer  half  of  the  flexor  profundus  digitorum, 
the  flexor  longus  pollicis,  and  the  pronator  quadratus  muscles  and  gives  some  fine  filaments  also  to 
the  wrist-joint.  Just  above  the  annular  ligament  the  median  nerve  gives  off  its  palmar  cutaneous 
branch,  which  is  distributed  to  the  integument  and  fascia  overlying  the  central  depressed  surface 
of  the  palm  and  the  inner  part  of  the  thenar  eminence. 

As  it  passes  beneath  the  annular  ligament  the  nerve  lies  upon  the  flexor  tendons,  and  at  the 
lower  border  of  this  structure  it  gives  off  the  motor  branch,  which  is  distributed  to  the  short 
muscles  of  the  thumb,  viz. ,  the  abductor,  opponens,  and  superficial  portion  of  the  flexor  brevis 
pollicis.  The  nerve  trunk  now  divides  into  an  outer  and  inner  terminal  division.  The  outer 
division  supplies  both  sides  of  the  thumb  on  its  palmar  aspect  and  the  radial  border  of  the  index 
finger  ;  it  also  supplies  the  first  lumbrical  muscle.  The  inner  terminal  division  supplies  the  clefts 
between  the  index  and  middle  and  between  the  middle  and  ring  fingers,  it  also  furnishes  the 
nerve  to  the  second  lumbrical  muscle. 

In  the  palm  the  median  nerve  and  its  branches  lie  beneath  the  superficial  palmar  arch,  but 
in  the  fingers  this  order  is  reversed.  Each  digital  nerve  sends  branches  to  the  skin  on  the  dorsum 
of  the  second  and  third  phalangeal  segments  of  the  fingers  and  to  the  matrix  of  the  nail. 

The  spinal  origins  of  the  branches  of  the  median  nerve  are  as  follows : — Sensory 
Branches. — Palmar  cutaneous  branch,  C  6,  7.  Digital  branches,  thumb  and  index,  C  6,  7  ; 
middle  and  ring  fingers,  C  8,  T  I.  Motor  Branches. — Pronator  radii  teres,  flexor  carpi  radialis, 
palmaris  longus,  and  flexor  sublimis  digitorum,  C  6.  Flexor  profundus  digitorum,  C  7,  8,  T  I. 
Flexor  longus  pollicis,  C  7,  8,  T  I.  Muscles  of  thumb  and  two  outer  lumbrical  muscles, 
C6,  7. 

THE  ULNAR  NERVE. — This  nerve  trunk  has  its  spinal  origin  in  the  eighth  cervical 
and  first  dorsal  nerves.  In  the  upper  part  of  its  course  it  forms  an  internal  relationship  to 
the  axillary  and  brachial  arteries,  but  it  gradually  inclines  inwards  as  it  descends,  and  at  the 
bend  of  the  elbow  is  situated  behind  the  inner  condyle  of  the  humerus  (fig.  83).  In  the  arm  it 
does  not  give  off  any  branch,  but  at  the  elbow  it  sends  two  or  three  filaments  to  the  articulation. 
The  nerve  enters  the  forearm  between  the  two  heads  of  the  flexor  carpi  ulnaris,  and  descends 
almost  vertically  upon  the  flexor  profundus  digitorum  overlapped  by  the  flexor  carpi  ulnaris.  At 
the  junction  of  the  upper  and  middle  thirds  of  the  forearm  it  is  joined  by  the  ulnar  artery,  and 
both  remain  in  close  relationship  down  to  the  hand.  In  the  upper  part  of  the  forearm  the  ulnar 
nerve  sends  motor  branches  to  the  flexor  carpi  ulnaris  and  the  inner  half  of  the  flexor  profundus 
digitorum.  In  the  lower  third  of  the  forearm  it  pives  off  its  palmar  cutaneous  branch,  which 
descends  in  front  of  the  artery  and  is  distributed  to  the  integument  over  the  hypothenar 
eminence  and  central  area  of  the  palm.  Its  dorsal  cutaneous  branch,  which-also  is  given  off  below 
the  centre  of  the  forearm,  crosses  over  the  tendon  of  the  flexor  carpi  ulnaris  just  below  the  head 
of  the  ulna  and  is  distributed  to  the  inner  part  of  the  dorsum  of  the  hand,  to  the  inner  border  of 
the  little  finger,  and  to  the  cleft  between  the  little  and  ring  fingers.  It  communicates  upon  the 
dorsum  with  the  radial  nerve. 

At  the  wrist  the  ulnar  nerve  pierces  the  deep  fascia,  crosses  the  anterior  annular  ligament 
immediately  to  the  radial  border  of  the  pisiform  bone,  and  bifurcates  into  a  superficial  and  a 
deep  division.  The  superficial  division  supplies  the  palmaris  brevis  muscle,  the  integument 
over  the  hypothenar  eminence,  the  ulnar  border  of  the  little  finger,  and  the  contiguous  sides  of 
the  little  and  ring  fingers.  The  deep  division  is  accompanied  by  the  deep  branch  of  the  ulnar 
artery  between  the  abductor  and  flexor  brevis  minimi  digiti  muscles,  and  gains  the  deep  aspect  of 
the  flexor  tendons  at  the  level  of  the  deep  palmar  arch.  It  supplies  the  short  muscles  of  the  little 
finger,  the  two  inner  lumbrical  muscles,  all  the  interossei,  the  adductor  transversus  and 
the  adductor  obliquus,  and  the  deep  part  of  the  flexor  brevis  pollicis  muscle. 

The  spinal  origins  of  the  branches  of  the  ulnar  nerve  are  as  follows  : — Cutaneous 
Branches. — Dorsal  branch,  C  8.  Palmar  and  digital  branches,  T  I.  Motor  Branches. — 
Flexor  carpi  ulnaris  and  the  inner  half  of  the  flexor  profundus  digitorum,  C  8,  T  I.  The 
interossei,  two  inner  lumbricals,  adductors  of  thumb,  and  the  three  short  muscles  of  the  little 
finger,  C  8,  and  probably  also  T  I. 

The  effects  of  injury  and  disease  affecting  the  nerves  of  the  upper 
limb  are  seen  in  paralysis  of  certain  muscles  or  groups  of  muscles  and 
in  loss  of  sensation,  .which  varies  greatly  as  to  its  extent,  but  which  in 
the  case  of  the  larger  nerves  is  often  much  less  than  might  be  expected, 
taking  into  account  their  anatomical  distribution.  This  is  explained 
by  the  fact  that  the  terminal  branches  of  neighbouring  spinal  nerves 
overlap  widely,  and  consequently  when  the  nerve  proper  of  the  district 
is  placed  hors-de-combat,  its  neighbours  may  be  quite  equal  to  the  task 
of  maintaining  the  sensibility  of  the  part.  This  supplementary  action 
of  sensory  nerves  is  one  of  considerable  clinical  importance. 
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In  some  instances,  as  when  one  of  the  larger  brachial  nerves  is 
alone  implicated,  the  interpretation  of  the  paralytic  and  sensory 
phenomena  is  comparatively  easy,  but  when  two  or  more  of  these  nerves 
have  their  functions  either  wholly  or  only  partially  annulled,  some  con- 
fusion is  apt  to  arise. 

Those  nerves  which  are  most  prone  to  suffer  singly  are  the  circumflex, 
the  ulnar,  and  the  musculo-spiral.  The  first  of  these,  from  its  close 
proximity  to  the  head  of  the  humerus,  is  frequently  damaged  in  cases 
of  dislocation  at  the  shoulder  or  in  severe  contusions  of  the  deltoid 
region.  Attention  has  been  already  drawn  to  these  facts  in  the  section 
dealing  with  the  shoulder-joint,  p.  268. 

The  ulnar  nerve  is  rarely  injured  in  the  upper  arm,  but  is  very  likely 
to  suffer  damage  in  injuries  at  the  elbow,  owing  to  its  superficial  position 
and  its  close  proximity  to  the  inner  condyle  of  the  humerus.  In  the 
account  of  injuries  at  the  elbow  such  a  possibility  has  been  clearly 
shown.  Lower  down,  viz.,  in  the  region  of  the  wrist,  where  the  nerve 
attains  a  superficial  position,  it  is  exposed  to  injury  in  deeply  incised 
wounds.  It  has  been  asserted  that  paralysis  of  this  nerve  may  result 
from  long  continued  flexion  of  the  elbow,  evidently  in  consequence  of 
overstretching. 

The  musculo-spiral  nerve  is  perhaps  the  one  most  frequently  affected 
alone  ;  in  fact,  paralysis  of  this  nerve  is  a  phenomenon  of  frequent 
occurrence,  and  is  readily  explained  by  its  course  and  relationships 
in  the  arm  (p.  278).  It  lies  in  close  contact  with  the  shaft  of  the 
humerus,  at  a  part  which  is  very  much  exposed  to  injury.  Among  the 
more  likely  causes  of  interference  with  the  function  of  the  nerve  may  be 
mentioned  fractures  at  or  near  the  middle  of  the  shaft  of  the  humerus, 
in  which  the  nerve  is  crushed  by  the  fragments,  or  unduly  compressed 
later  on  by  the  ensheathing  callus.  Pressure  of  the  arm  against  some 
hard  unyielding  object  may  also  injure  the  nerve,  as  when  a  man, 
in  a  state  of  intoxication,  falls  asleep  with  his  arm  supporting  his 
head.  Severe  compression  by  an  Esmarch's  elastic  band  has  also  been 
known  to  cause  paralysis  of  this  nerve.  The  pressure  of  a  crutch 
may  injure  it  as  it  lies  in  close  proximity  to  the  shaft  of  the 
humerus  in  the  upper  part  of  the  arm  ;  this  in  fact  is  a  well  known 
cause  of  musculo-spiral  paralysis,  hence  the  term  '  crutch  palsy.'  Gowers 
has  observed  cases  in  which  the  paralysis  was  clearly  the  result  of 
pressure  exerted  upon  the  nerve  by  the  contraction  of  the  triceps 
muscle,  as  in  dragging  on  a  pair  of  tightly-fitting  boots,  or  throwing  a 
stone  with  great  force. 

The  median  nerve  is  rarely  injured  alone  in  the  upper  arm  ;  it  is 
occasionally  damaged,  however,  by  a  penetrating  wound.  It  is  in  cases 
of  incised  wounds  of  the  forearm  or  wrist,  but  especially  of  the  latter, 
that  the  nerve  is  most  endangered.  It  is  sometimes  the  seat  of  neuritis 
in  individuals  who  in  their  work  are  obliged  to  hold  an  object  between 
the  hand  and  the  upper  arm.  This  nerve  has  been  injured  also  in  some 
well  authenticated  cases  through  the  violent  contraction  of  the  pronator 
radii  teres  muscle. 

Paralysis  of  two  or  more  of  the  brachial  nerves  may  be  caused  by 
morbid  processes — growths,  exostoses — in  the  supraclavicular  region  of 
the  neck,  where  they  are  closely  grouped  together.  The  head  of  the 
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dislocated  humerus  also  may  exert  injurious  compression  upon  several 
nerves.  Apart  from  the  tearing  away  of  the  entire  upper  limb  from 
the  trunk,  which  has  happened  in  some  known  instances,  severe  traction 
exerted  upon  the  arm  may  cause  several  of  the  lower  cervical  nerves 
to  give  way  at  the  level  of  their  spinal  attachments. 

Paralysis  of  the  Musculo-spiral  Nerve. — When  the  damaging 
lesion  is  high  up  in  the  arm  or  in  the  axilla,  the  resulting  paralysis 
affects  the  extensors  of  the  elbow,  wrist,  fingers  and  thumb,  and  the 
most  evident  symptom  is  the  characteristic  wrist-drop.  The  power  of 
the  extensors  of  the  entire  limb  is  lost,  and  this  is  a  fact  of  some  interest 
in  that  it  indicates  a  peculiarly  close  relationship  between  the  nerve  and 
the  extensor  movements  of  the  limb.  Very  commonly,  however,  the 
triceps  muscle  escapes,  as  the  paralysing  lesion  appears  to  have  its 
seat  most  frequently  at  or  below  the  middle  of  the  shaft  of  the  humerus. 
Paralysis  of  the  extensor  muscles  of  the  forearm,  too,  diminishes  the 
contractile  power  of  the  flexor  group,  in  consequence  of  the  loss  of 
synergic  support ;  in  fact,  Gowers  has  found  the  power  of  flexion  of  the 
wrist  and  fingers  of  the  affected  limb  reduced  to  one-third  of  the 
normal.  Paralysis  of  the  supinator  muscles  entails  a  serious  loss  in 
the  function  of  the  limb.  To  overcome  the  disability  the  individual 
brings  the  elbow  against  the  side  and  endeavours  to  rotate  the  humerus 
outwards. 

The  loss  of  sensation  varies  much,  and  is  not  usually  so  extensive 
as  one  would  expect  from  a  knowledge  of  the  area  of  cutaneous 
distribution  of  the  nerve  ;  indeed,  sensation  in  the  hand  may  be  normal, 
although  the  muscular  paralysis  is  complete. 

Paralysis  of  the  Median  Nerve. — The  motor  phenomena  observed 
in  cases  of  paralysis  of  this  nerve  are  the  following.  There  is  loss  of 
the  power  of  pronating  the  forearm  ;  the  supinator  longus,  however,  is 
capable  of  bringing  it  into  a  mid-prone  position,  but  the  movement 
cannot  be  rendered  complete.  This  loss  of  power  may  be  compensated 
for  to  some  extent  by  rotating  the  humerus  inwards,  the  elbow 
being  meanwhile  separated  from  the  side.  Attempts  at  flexing  the 
wrist  result  in  the  hand  being  drawn  to  the  ulnar  side.  The  thumb  is 
in  the  position  of  extension  and  adduction,  and  it  is  impossible  to  flex 
it  or  to  bring  it  into  opposition  with  the  tips  of  the  other  digits.  In 
addition  to  paralysis  there  is  usually  also  very  marked  wasting  of 
the  muscles  of  the  thenar  eminence.  The  second  phalanges  cannot 
be  flexed  on  the  first,  and  the  power  of  flexion  of  the  third  phalanges 
is  lost  in  the  index  and  middle  fingers ;  it  is  retained,  however, 
in  the  ring  and  little  fingers,  as  the  divisions  of  the  deep  flexor 
muscle  to  these  digits  are  supplied  by  the  ulnar  nerve.  Flexion 
of  the  first  phalanges  is  possible  through  the  agency  of  the  interossei 
muscles.  These  have  a  tendency,  also,  at  the  same  time  to  extend  the 
middle  and  distal  phalanges.  If,  as  very  commonly  happens,  the  lesion 
of  the  nerve  is  at  the  wrist,  there  is  no  loss  of  the  power  of  flexing  the 
wrist  and  fingers.  As  in  the  case  of  the  musculo-spiral  nerve,  the 
extent  to  which  sensation  is  lost  in  injuries  of  this  nerve  is  subject  to 
very  great  variability.  Anaesthesia  may  be  complete  over  the  in- 
tegumentary area  supplied  by  the  nerve,  or  sensation  may  be  practically 
unaffected. 
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Paralysis  of  the  Ulnar  Nerve. — In  consequence  of  paralysis  of  the 
flexor  carpi  ulnaris  muscle,  flexion  of  the  wrist  is  attended  by  a 
deviation  of  the  hand  to  the  radial  side,  and  the  movements  of  ulnar 
flexion  and  extension  are  very  limited.  The  power  of  adducting  the 
thumb  is  lost,  the  little  finger  is  more  or  less  paralysed  in  all  its  move- 
ments, and  the  muscles  of  the  hypothenar  eminence  waste.  The  action 
of  the  interossei  is  completely  in  abeyance,  as  is  shown  by  the  fact 
that  the  fingers  cannot  be  flexed  at  the  metacarpo-phalangeal  joints  nor 
extended  at  the  interphalangeal  joints.  This  loss  of  power  is  less 
evident  in  the  index  and  middle  than  in  the  ring  and  little  fingers, 
as  the  two  outer  lumbrical  muscles  are  innervated  by  the  median  nerve. 
Subsequently,  the  muscles  which  oppose  the  interossei,  viz.,  the  flexors 
and  extensors  of  the  fingers,  by  their  united  action  bring  about  over- 
extension  of  the  first  phalanges  and  flexion  of  the  middle  and  distal 
phalanges,  the  result  being  a  claw-like  hand.  Loss  of  sensation  may  be 
present  over  the  entire  cutaneous  distribution  area  of  the  nerve  or  only 
to  a  limited  extent. 


PART    III 

THE   THORAX. 

AT  an  early  period  of  embryonic  life  the  thorax  or  upper  segment 
of  the  trunk  forms  part  of  the  general  body  cavity ;  in  the  course  of 
later  developmental  changes,  however,  viz.,  with  the  appearance  of  the 
diaphragm,  the  general  cavity  is  subdivided  into  an  upper  or  thoracic 
and  a  lower  or  abdominal  compartment. 

The  interior  of  the  thorax  is  mainly  occupied  by  the  lungs,  the 
heart,  with  the  great  blood-vessels,  and  the  oesophagus.  By  the 
movements  of  this  part  of  the  trunk  also  the  function  of  respiration  is 
maintained. 

It  is  usual  to  speak  of  the  chest  as  being  co-extensive  with  the  osteo- 
cartilaginous  framework  of  the  thorax,  but  the  latter  must  not  be  taken 
as  indicating  the  extent  of  the  thoracic  cavity.  The  diaphragm,  which 
is  attached  to  the  inner  aspect  of  the  thoracic  outlet  from  the  xiphoid 
cartilage  in  front  to  the  twelfth  dorsal  vertebra  behind,  projects  upwards 
in  dome-like  fashion,  and  encroaches  upon  the  cavity  of  the  thorax  so  as 
to  diminish  it  greatly  in  the  vertical  direction.  In  consequence  of  this 
arrangement  of  the  diaphragm  the  lower  part  of  the  thoracic  cavity 
forms  a  recess,  which  increases  in  vertical  depth  from  before  backwards ; 
it  presents  a  wedge-shaped  outline  on  vertical  section,  and  is  lined  by 
the  pleural  membrane  (costo-diaphragmatic  recess}.  With  the  upward 
projection  of  the  diaphragm  also  there  is  a  corresponding  extension 
of  the  general  abdominal  cavity  towards  the  chest.  This  portion  of 
the  abdomen  is  hidden  beneath  the  lower  ribs,  and  includes  the  greater 
part  of  the  hypochondriac  regions,  within  which  are  contained  the 
liver,  stomach,  spleen,  portions  of  the  kidneys,  duodenum,  and  large 
intestine.  It  will  be  seen,  therefore,  that  the  lower  part  of  the  thoracic 
and  the  upper  part  of  the  abdominal  cavity  overlap  each  other,  and 
this  segment  of  the  trunk  common  to  both  may  be  termed  the  thoracico- 
abdominal  zone ;  it  possesses  a  very  high  degree  of  practical  importance 
in  connection  with  thoracic  and  abdominal  disease  (fig.  95).  Penetrating 
wounds  in  this  region  are  very  apt  to  implicate  not  only  the  pleural 
but  the  peritoneal  cavity  also,  with  its  contained  viscera.  Under 
certain  conditions,  when  it  is  desired  to  gain  access  to  the  upper 
abdominal  region,  as  for  example  in  the  treatment  of  hydatid  cysts 
or  abscess  of  the  liver,  or  in  cases  of  subphrenic  abscess,  etc.,  the 
abdominal  cavity  is  opened  in  this  thoracico-abdominal  region.  A 
portion  of  one  of  the  lower  ribs,  eighth  or  ninth,  may  require  to  be 
resected,  and  in  reaching  the  abdominal  cavity  the  lower  part  of  the 
pleural  cavity  is  usually  traversed  (transpleural} ;  the  opening  made  in 
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the  diaphragm,  however,  may  lie  below  the  pleural  reflexion  (extra- 
pleural\  The  reader  will  obtain  a  good  idea  of  the  segment  of 
the  trunk  just  alluded  to  from  fig.  95  and  also  from  fig.  123  (see 
Hepatotomy). 

Again,  the  skeletal  framework  which  bounds  the  thoracic  inlet  at  the 


Gall-bladder. 


Transverse  Colon. 


Coilsofthe  Jejuno- 
ileum. 


FIG.  95. — Projection  of  the  thoracic  and  abdominal  viscera  upon  the  anterior  aspect  of  the  trunk. 
This  figure  shows  how  the  thoracic  and  abdominal  cavities  overlap  each  other,  the  result 
being  a  segment  of  the  trunk  common  to  both  (thoracico-abdominal  zone).  The  degree  to 
which  the  apices  of  the  lungs  extend  into  the  root  of  the  neck  is  also  shown. 

upper  and  anterior  part  of  the  chest  does  not  represent  the  true  upper 
limit  of  the  thoracic  cavity,  as  the  latter  extends  upwards  above  the 
level  of  the  inner  extremity  of  the  clavicle  and  the  anterior  part  of  the 
first  costal  arch  in  the  form  of  a  blunt  cone  into  the  root  of  the  neck,  on 
each  side  of  the  manubrium  sterni,  so  that  here  also  there  is  an  over- 
lapping of  the  thoracic  and  lower  cervical  regions  (thoracico-cervical  zone). 
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The  relations  which  exist  between  the  pleural  dome  on  each  side  and 
the  important  structures  at  the  root  of  the  neck  have  been  already 
studied ;  they  are  represented  in  figs.  60  and  106.  From  what  has 
just  been  stated,  it  will  be  seen  that  it  is  possible  to  subdivide  the 
thoracic  cavity  into  three  portions:  (i)  an  upper  or  thoracico-cervical 
division  ;  (2)  a  middle  division,  or  the  thoracic  cavity  proper;  and  (3)  a 
lower  or  thoracico-abdominal  division. 

Another  important  fact  to  be  noted  with  regard  to  the  thoracic 
cavity  is,  that  its  extent  from  before  backwards  in  the  mesial  plane  is 
not  by  any  means  so  great  as  might  be  expected  from  an  inspection 
of  the  exterior  of  the  chest.  The  bodies  of  the  vertebrae  advance 
forwards  in  such  a  way  as  to  diminish  the  mediastinal  portion  of  the 
cavity  to  a  very  marked  degree ;  but  on  each  side  of  the  spine 
there  is  a  deep  groove — the  costo-vertebral  recess — which  lodges  the 
thick  rounded  posterior  border  of  the  lung.  From  this  brief  account  of 
the  extent  of  the  thoracic  cavity  the  reader  will  be  in  a  position  to 
consider  the  principal  topographical  features  of  this  segment  of  the 
trunk. 

Topography  and  Superficial  Anatomy. — The  shape  and  external 
configuration  of  the  chest  as  viewed  in  the  living  subject  depend  to 
a  large  extent  upon  the  structures  which  cover  it  superficially,  and  upon 
the  sex  of  the  individual.  The  upper  part  of  the  thorax  is  for  the  most 
part  concealed  by  the  bones  of  the  shoulder-girdle  (clavicle  and  scapula), 
and  by  the  large  muscles  which  are  attached  to  these  and  connect  them 
with  the  upper  limb.  The  lower  part  is  much  more  superficial,  its 
covering  of  soft  tissues  is  comparatively  thin,  and  consequently  it  is  not 
difficult,  as  a  rule,  to  feel  the  individual  ribs  and  the  intervening  spaces. 

In  a  normal  adult  male  subject  the  chest  is  wider  above  than  below, 
it  is  somewhat  flattened  from  before  backwards,  so  that  its  transverse  is 
greater  than  its  antero-posterior  diameter.  From  the  examination  of  a 
great  number  of  chests  made  by  different  observers,  it  would  appear 
that  there  is  frequently  a  disproportion  between  the  two  sides,  the  right 
predominating  slightly  over  the  left  in  the  majority  of  cases. 

For  descriptive  purposes  it  is  customary  to  divide  the  chest  wall  into 
anterior,  lateral,  and  posterior  regions ;  each  of  which,  again,  is  sub- 
divided into  minor  areas,  the  principal  advantage  of  these  subdivisions 
being  that  they  facilitate  the  descriptive  accounts  of  disease  affecting 
the  thoracic  parietes  or  its  contained  viscera  ;  in  other  words,  they  have 
a  clinical  rather  than  an  anatomical  value. 

The  Anterior  Thoracic  Region  extends  between  the  suprasternal 
notch  and  the  inner  extremities  of  the  clavicles  above  and  the  xiphoid 
cartilage  and  the  costal  arch  below.  It  is  subdivided  into  a  median  and 
two  lateral  areas. 

The  Median  or  Sternal  Region  of  the  Chest  commences  at  the 
suprasternal  notch,  which  is  always  recognisable  without  difficulty.  On 
each  side  of  this  the  inner  extremity  of  the  clavicle  and  the  sterno- 
mastoid  muscle  present  themselves  with  varying  degrees  of  prominence 
in  different  individuals.  The  junction  of  the  first  and  second  segments  of 
the  sternum  forms  an  angular  projection  which  is  appreciable  to  the  touch, 
and  in  some  cases  is  very  pronounced.  It  has  been  supposed  to  have 
a  certain  degree  of  pathological  significance  in  connection  with  pulmonary 
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disease,  and  is  known  as  the  angulus  sternalis  (Ludwig).  It  is  a  useful 
landmark,  in  that  it  indicates  the  level  at  which  the  second  costal 
cartilages  articulate  with  the  sternum,  and  in  counting  the  ribs  it  is  a 
good  rule  to  begin  at  this  point  and  trace  the  series  from  above 


Pectoral  Region. 


Inframammary  Region. 


Anterior  Superior  Spine.. -M 


Infraclavicular  Fossa. 


Extremity  of  the  Ensiform 
or  Xiphoid  Cartilage. 


Linea  Transversa. 


Symphysis  Pubis. 


FIG.  96. — Anterior  aspect  of  the  trunk. 


R.  HYP.  R.  =  right  hypochondriac  region. 

L.  HYP.  R.  =  left  hypochondriac  region. 

EP.  R.  =  epigastric  region. 
R.  LUMB.  R.  =  right  lumbar  region. 
L.  LUMB.  R.  =  left  lumbar  region. 


UMB.  R.  =umbilical  region. 
R.  IL.  R.  Bright  iliac  region. 
L.  IL.  R.  =left  iliac  region. 
HYPOG.  R.  =  hypogastric  region. 


downwards.     The  level  of  the  angle  corresponds  usually  to  the  inter- 
vertebral  disc  between  the  bodies  of  the  fourth  and  fifth  dorsal  vertebrae 
and  to  the  bifurcation  of  the  trachea  into  the  right  and  left  bronchus. 
In  passing  down   along  the  sternum  to  the  xiphoid  cartilage  the 
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finger-tip  follows  a  shallow  median  furrow,  and  it  may  be  possible  to 
recognise  the  transverse  ridges,  corresponding  to  the  junction  of  the 
different  pieces  of  which  the  gladiolus  is  composed.  On  each  side  of  the 
middle  line  the  sternal  border  of  the  pectoralis  major  muscle  stands  out 
in  relief  in  muscular  subjects  and  forms  a  curve,  the  convexity  of  which 
is  directed  inwards.  The  two  great  pectoral  muscles  come  very  close 
together  opposite  the  middle  of  the  sternum.  Lower  down  the  two 
recti  muscles  are  applied  to  the  front  of  the  chest,  one  on  each  side  of 
the  middle  line  at  the  lower  extremity  of  the  xiphoid  cartilage,  the 
degree  of  prominence  of  which  varies  considerably,  being  sometimes 
very  much  depressed.  Beyond  the  xyphoid  the  median  line  of  the  chest 
is  continued  into  the  linea  alba  of  the  abdominal  wall.  In  the  male,  the 
middle  or  sternal  region  of  the  chest  is  covered  with  hairs,  the  skin  is 
thin  but  not  very  mobile,  and  the  subcutaneous  fatty  tissue  is  scanty 
in  amount.  In  a  well  developed  female  chest  the  sternal  region  is 
represented  by  a  deep  depression  between  the  breasts. 

On  each  side  of  the  middle  line  the  front  aspect  of  the  chest  is 
arbitrarily  subdivided  into  four  smaller  areas,  the  limits  of  which  are 
rather  indefinite,  and  which  are  named  respectively,  from  above  down- 
wards, clavicular,  subclavicular,  mammary,  and  inframammary. 

The  Clavicular  Region  is  co-extensive  with  the  inner  third  or  so  of 
the  shaft  of  the  clavicle  above  which  the  pleural  cavity  and  the  apex  of 
the  lung  extend  for  a  short  distance  (half  an  inch  to  one  inch)  into  the 
root  of  the  neck. 

The  Subclavicular  Region  is  usually  indicated  on  the  surface  of  the 
chest  by  a  shallow  depression,  the  existence  of  which  depends  upon  the 
projection  of  the  clavicle  above  and  of  the  deltoid  region  of  the  shoulder 
externally ;  it  varies,  however,  in  depth  in  different  individuals,  and  is 
greatly  exaggerated  in  those  of  spare  habit  or  after  much  wasting. 

The  Mammary  Region,  which  immediately  succeeds  this,  is  not  very 
prominent  as  a  rule  in  the  male,  except  in  cases  of  general  obesity,  when 
its  fulness  is  apt  to  become  very  much  exaggerated.  The  nipple  is  a 
conspicuous  object  here.  In  the  male  it  usually  overlies  the  fourth 
intercostal  space  and  is  a  useful  landmark.  In  the  female  its  level  is 
very  variable,  and  consequently  it  possesses  little  if  any  value  as  a 
topographical  guide.  The  mammary  region  is  limited  externally  by 
the  prominent  anterior  fold  of  the  axilla  which  is  formed  by  the 
pectoralis  major  muscle. 

The  Inframammary  Region  presents  a  much  thinner  covering  of  soft 
tissues.  The  ribs  and  intercostal  spaces  are  more  easily  made  out  here 
than  higher  up,  and  the  surface  passes  uninterruptedly  with  a  rounded 
contour  into  the  lateral  area  of  the  chest. 

Certain  topographical  lines  pursuing  a  vertical  direction  are  some- 
times employed  for  the  purpose  of  determining  different  levels  on  the 
anterior  aspect  of  the  chest ;  they  are,  the  mid-sternal  line,  the  mammary 
line,  and  the  parasternal  line. 

The  mid-sternal  line  follows  the  mesial  line  of  the  trunk,  and  under 
normal  conditions  should  divide  the  sternum  into  two  symmetrical 
portions.  The  mammary  line  passes  vertically  through  the  nipple 
and  cuts  the  clavicle  above,  just  outside  its  centre.  The  parasternal 
line  is  situated  midway  between  the  sternal  and  mammary  lines,  and 
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is  parallel  to  both.  These  lines,  as  already  stated,  are  not  founded 
upon  any  anatomical  basis,  but  are  merely  employed  as  topographical 
landmarks  or  as  localising  guides  in  connection  with  disease  affecting 
the  thoracic  wall  or  its  contained  viscera. 

The  Lateral  Region  of  the  Chest  is  readily  subdivided  into  two  parts 
— an  upper,  which  is  covered  and  at  the  same  time  securely  protected  by 
the  clavicle  and  the  scapula,  the  upper  and  inner  part  of  the  arm,  and  the 
anterior  and  posterior  axillary  folds  ;  a  lower  part,  which  is  much  more 
superficial  and  readily  accessible  throughout  its  entire  extent.  This 
lower  part  is  narrow  above,  where  it  lies  between  the  axillary  folds, 
but  it  gradually  widens  out  lower  down,  and  is  continued  in  front 
and  behind  into  the  anterior  and  posterior  thoracic  regions  respectively. 
This  area  of  the  chest  wall  is  rendered  very  evident  when  the  arm  is 
raised  from  the  side,  and  when  the  muscles  are  well  developed  they 
stand  out  in  strong  relief  and  are  easily  distinguished,  the  digitations 
of  the  serratus  magnus  being  especially  evident.  A  vertical  line  tra- 
versing the  side  of  the  chest  midway  between  the  anterior  and  posterior 
folds  of  the  axilla  is  sometimes  employed  as  a  topographical  guide  and  is 
known  as  the  mid-axillary  line. 

The  Posterior  Region  of  the  Chest  extends  from  the  level  of  the 
spinous  process  of  the  vertebra  prominens  above  to  that  of  the  twelfth 
dorsal  vertebra  and  the  twelfth  rib  below  (fig.  97).  It  is  traversed  by 
a  vertical  median  furrow,  at  the  bottom  of  which  the  tips  of  the  dorsal 
spinous  processes  can  be  felt  The  line  of  the  vertebral  spines  is  not  always 
quite  straight,  but  frequently  deviates  to  one  side ;  the  degree  of  deviation, 
i.e.  lateral  curvature,  is  sometimes  very  marked,  and  gives  rise  to  a  very 
evident  deformity  to  which  the  term  scoliosis  is  applied. 

At  the  upper  part  of  the  posterior  thoracic  region  the  scapula  is 
closely  applied  to  the  chest  wall  on  each  side  and  enjoys  a  wide  range 
of  mobility,  as  may  be  seen  by  watching  the  movements  of  the  arm  in 
different  directions.  The  lower  angle  of  the  bone  reaches  down  to  the 
level  of  the  eighth  rib  when  the  arm  is  at  rest  and  applied  to  the  side. 
The  area  of  the  chest  covered  by  the  scapula  is  known  as  the  scapular 
region.  The  interval  between  the  two  scapulae  is  termed  the  inter- 
scapular  region,  and  the  portion  of  the  posterior  thoracic  wall  below  the 
scapula  is  usually  referred  to  as  the  infrascapular  or  basal  region  of  the  chest. 

The  Line  of  the  Scapula  is  parallel  to  the  mesial  line  of  the  trunk  and 
passes  vertically  through  the  lower  angle  of  the  bone  when  the  arm 
rests  quietly  by  the  side.  In  the  infrascapular  region  it  is  usually 
possible  to  palpate  the  intercostal  spaces  and  the  individual  ribs  as  far 
back  as  the  angles  but  between  these  and  the  middle  line,  the  posterior  or 
vertebral  extremities  of  the  ribs  recede  from  the  surface  and  are  con- 
cealed by  the  thick  muscular  mass  prolonged  upwards  from  the  erector 
spinae.  The  latissimus  dorsi  forms  an  extensive  muscular  sheet  applied 
to  the  infrascapular  region  of  the  thorax  ;  it  usually  overlies  the  lower 
angle  of  the  scapula  also,  as  its  upper  border  reaches  up  to  the  horizontal 
level  of  the  sixth  dorsal  spine.  The  anterior  border  of  the  muscle,  thick 
and  fleshy,  stands  out  prominently  when  the  arm  is  raised,  and  marks 
the  limit  between  the  lateral  and  posterior  thoracic  regions.  The  skin 
which  covers  both  the  side  and  back  of  the  chest  is  very  freely  movable 
and  is  much  thicker  than  that  in  front. 
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The  Female  Chest  contrasts  in  many  important  particulars  with 
that  of  the  male.  It  is  rounder  and  more  cylindrical,  and  besides, 
the  mammary  region,  with  its  characteristic  development  in  the  female, 
modifies  greatly  the  configuration  of  the  anterior  thoracic  region. 

Variations  from  the  Normal  Shape  of  the  Chest. — The  shape 
of  the  chest  is  subject  to  a  certain  amount  of  variability ;  in  fact 
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FIG.  97. — Posterior  aspect  of  the  trunk. 

deviations  from  what  may  be  considered  the  normal  are  by  no  means 
uncommon,  and  depend  upon  a  variety  of  circumstances. 

*  Pigeon  Breast. — This  is  a  peculiar  form  of  distortion  of  the  chest 
occasionally  observed  in  rickety  children,  especially  in  those  in  whom 
inspiration  has  been  rendered  difficult  by  enlarged  tonsils,  post-nasal 
adenoids,  etc.  The  anterior  or  sternal  region  of  the  thorax  is  unduly 
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prominent,  and  at  the  same  time  its  sides  are  flattened.  Owing  to 
some  existing  impediment  to  the  free  ingress  of  air  to  the  lungs,  at  each 
inspiratory  effort  the  highly  flexible  and  elastic  ribs  are  first  flattened 
and  then  drawn  inwards,  so  that  a  deep  indentation  is  produced  on  both 
sides,  but  is  most  marked  where  the  ribs  join  the  costal  cartilages. 
With  expiration  the  elasticity  of  the  ribs  enables  them  to  regain  their 
original  form.  The  inspiratory  indrawing  of  the  ribs  is  the  necessary 
consequence  of  the  small  amount  of  air  entering  the  lungs,  and  which  is 
quite  insufficient  to  render  these  fully  dilated.  If  the  chest,  under  such 
physical  conditions,  were  to  expand  in  the  usual  manner  during  inspiration, 
a  vacuum  would  be  caused  between  the  chest  wall  and  the  imperfectly 
expanded  lung,  viz.,  in  the  pleural  cavities.  Owing  to  the  great  flexi- 
bility of  the  ribs,  however,  especially  in  the  lower  thoracic  region,  in 
children,  the  atmospheric  pressure  overcomes  the  expanding  action  of 
the  muscles  upon  the  chest  wall  and  thrusts  in  the  ribs  so  as  to  equalise 
the  pressure  inside  and  outside  the  thorax.  In  these  cases  also  there  is 
marked  indrawing  of  the  suprasternal  and  supraclavicular  regions  with 
each  inspiration. 

In  Emphysema  the  chest  is  uniformly  expanded  in  all  its  diameters, 
and  its  shape  resembles  that  which  it  acquires  normally  in  the  phase 
of  full  inspiration.  The  subcostal  angle  is  wide,  the  sternal  angle 
prominent,  and  the  respiratory  movements  much  restricted,  those  of 
expiration  being  greatly  prolonged. 

In  Phthisis  Pulmonalis  the  shape  of  the  chest  also  presents  certain 
characteristic  deviations  from  the  normal.  It  is  greatly  flattened,  and 
the  obliquity  of  the  ribs  is  in  consequence  exaggerated,  the  subcostal 
angle  is  diminished,  and  the  entire  thorax  assumes  a  narrow  elongated 
appearance,  the  so-called  phthinoid  chest. 

A  want  of  symmetry  between  the  two  sides  of  the  chest  is  very 
frequently  observed  under  normal  conditions,  but  is  very  apt  to  become 
accentuated  as  the  result  of  certain  pathological  processes.  Thus,  with 
an  extensive  pleural  effusion,  the  affected  side  of  the  chest  bulges  more 
than  the  other,  but  when  pleural  effusions  have  existed  for  some  time, 
even  though  they  be  ultimately  evacuated  to  the  fullest  extent,  the  lung, 
owing  to  the  compression  to  which  it  has  been  subjected,  is  unable  to 
expand  as  before,  consequently  the  chest  wall  falls  in,  the  shoulder 
droops,  and  the  entire  trunk  inclines  to  the  affected  side. 

External  Pressure  is  capable  of  causing  a  very  marked  degree  of 
chest  distortion.  This  is  well  exemplified  in  the  results  of  tight  lacing 
in  females.  The  lower  ribs  are  pressed  inwards  and  forwards  so  as  to 
narrow  all  the  diameters  of  the  lower  part  of  the  chest.  The  subcostal 
angle  is  diminished  to  an  extreme  degree,  in  fact  it  may  become 
obliterated  by  the  lower  costal  cartilages  coming  together  and  even 
overlapping.  Owing  to  the  manner  in  which  the  lower  ribs  are  forced 
down,  the  ilio-costal  space  is  much  narrowed.  The  thoracic  and 
abdominal  viscera  are  compressed  and  distorted,  and  the  circulation 
through  the  heart  and  lungs  is  impeded. 

The  shape  of  the  Thorax  can  only  be  satisfactorily  ascertained 
when  the  structures  which  overlie  the  ribs  and  the  intercostal  spaces 
have  been  removed.  It  will  then  be  found  to  have  a  conical  outline, 
but,  in  contrast  with  what  the  reader  has  already  noted  as  to  the 
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shape  of  the  chest,  the  apex  of  the  thoracic  cone  is  above  and  the  base 
below ;  in  the  intact  chest  the  base  of  the  cone  is  above  and  the  apex 
below. 

The  upper  or  smaller  extremity  of  the  Thorax  has  an  elliptical 
outline,  and  is  inclined  somewhat  obliquely  from  above  and  behind 
downwards  and  forwards.  Its  boundaries  are  the  first  dorsal  vertebra 
behind,  the  first  costal  arch  on  each  side,  and  the  manubrium  sterni  in 
front.  The  space  enclosed  by  these  boundaries  is  called  the  'thoracic 
inlet ' ;  the  apices  of  the  lungs  project  upwards  into  it,  and  it  is  traversed 
by  certain  structures  passing  to  and  fro  between  the  mediastinal  space, 
the  neck,  and  the  upper  limbs,  viz.,  the  trachea,  oesophagus,  vagi,  left 
recurrent  laryngeal,  phrenic  and  sympathetic  nerves,  the  innominate, 
left  common  carotid,  and  left  subclavian  arteries,  the  innominate  veins, 
the  thoracic  duct,  and  the  remains  of  the  thymus  gland. 

The  lower  or  basal  extremity  of  the  Thorax  presents  a  very 
irregular  outline.  It  is  bounded  in  front  by  the  xiphoid  cartilage,  on 
each  side  by  the  costal  cartilages  of  the  ribs  from  the  seventh  to  the 
twelfth,  behind  by  the  lower  border  of  the  last  rib  and  the  twelfth 
dorsal  vertebra.  The  aperture  enclosed  by  these  boundaries  is  known 
as  the  '  thoracic  outlet'  and  is  shut  off  from  the  abdominal  cavity  by  the 
diaphragm  in  the  manner  already  described. 

THE  STERNUM. — This  segment  of  the  thoracic  skeleton  is 
classified  with  the  flat  bones,  and  varies  in  the  adult  from  five  to 
seven  inches  in  length.  It  forms  the  anterior  part  of  the  framework 
of  the  thorax,  and  acts  as  a  protective  shield  in  front  of  the  heart 
and  lungs.  It  consists  of  three  parts — the  manubrium,  the  gladiolus, 
and  the  ensiform  or  xiphoid  cartilage,  which  articulate  with  each 
other,  but  in  advanced  life  are  not  uncommonly  fused  together  so 
as  to  form  a  single  bone.  Structurally  the  sternum  is  mostly  made 
up  of  loose  and  very  vascular  cancellous  tissue,  surrounded  by  a  thin 
compact  layer.  In  front  it  is  comparatively  superficial  and  accessible 
to  palpation.  By  its  posterior  aspect  it  is  related  to  the  two  pleural 
sacs,  the  anterior  margins  of  the  lungs,  a  small  portion  of  the 
pericardium,  some  loose  mediastinal  tissue,  the  triangularis  sterni 
muscles,  and  the  remains  of  the  thymus  gland.  The  periosteal  cover- 
ing of  the  entire  bone  is  very  thick,  and  in  front  especially  ;  it  is  rein- 
forced by  extensions  from  the  tendons  and  aponeuroses  of  the  overlying 
muscles  and  is  very  adherent. 

Although,  from  its  position,  it  is  greatly  exposed  to  injury,  the  sternum 
seldom  suffers  to  any  marked  extent ;  this  is  explained  by  the  elasticity 
of  the  ribs  and  costal  cartilages,  which  enables  the  bone  to  yield  before 
compressing  forces  of  various  kinds.  Fracture  of  the  sternum,  neverthe- 
less, is  sometimes  observed  ;  it  is  practically  unknown  in  children,  however, 
and  would  appear  to  be  peculiar  to  adult  life.  When  caused  by  direct 
violence,  the  gravity  of  the  injury  depends  rather  upon  co-existing  lesions 
of  internal  parts  than  upon  the  damage  to  the  bone.  A  direct  blow  of 
sufficient  force  to  cause  a  fracture  is  very  great,  and  for  this  reason 
the  thoracic  viscera  are  very  liable  to  injury  at  the  same  time.  Fracture 
of  the  sternum  may  also  be  caused  indirectly  by  forcible  flexion  or 
extension  of  the  spine.  In  the  former  case  the  sternum  is  bent  inwards, 
its  two  extremities  being  at  the  same  time  approximated,  and  the 
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fracture  occurs  when  the  range  of  elasticity  of  the  bone  has  been 
exceeded.  When  displacement  of  the  broken  ends  takes  place,  the  lower 
fragment  usually  overrides  the  upper,  but  the  thickness  and  density  of  the 
periosteal  covering  of  the  bone  tend  to  limit  displacement  very  consider- 
ably. When  a  fracture  is  caused  by  forced  extension  of  the  spine  it  is  prob- 
able that  its  mode  of  production  is  as  follows :  the  sternum,  supported 
on  each  side  by  the  ribs  and  costal  cartilages  and  behind  by  the  thoracic 
and  abdominal  viscera,  is  powerfully  stretched  by  the  muscles  of  the 
neck  above,  by  the  abdominal  muscles  below,  and  breaks  much  in 
the  same  way  as  a  rod  does  when  forcibly  bent  across  the  knee.  The 
most  frequent  site  for  fracture  of  the  sternum  is  between  the  levels  of 
the  second  and  fourth  costal  cartilages.  When  the  solution  of  continuity 
takes  place  between  the  manubrium  and  the  body  of  the  bone  it  is 
spoken  of  as  a  diastasis.  It  is  well  to  bear  in  mind  that  an  undue 
degree  of  prominence  of  the  angulus  sternalis  may  be  mistaken  for  a 
fracture  in  cases  of  injury  affecting  this  part. 

Developmental  defects  of  the  Sternum. — The  thoracic  and  ab- 
dominal parietes  are  developed  by  the  gradual  advance  of  the  folds  of 
the  somatopleure  from  behind  forwards.  In  the  thoracic  region  the  ribs 
make  their  first  appearance  as  a  series  of  cartilaginous  bars,  which  also 
advance  forwards  towards  the  ventral  aspect  of  the  thorax.  The  upper 
seven  cartilages  expand  somewhat  and  fuse  with  each  other  on  each  side, 
and  form  the  right  and  left  'sternal  bars'  (Ruge).  These  are  separated 
for  a  while  by  some  connective  tissue,  but  eventually  fuse  from  above 
downwards,  so  as  to  form  a  single  cartilaginous  plate.  Fibrous  intervals 
serve  to  subdivide  the  latter  into  its  three  permanent  segments.  The 
upper  of  these,  or  the  manubrium,  usually  has  two  ossific  centres,  placed 
one  above  the  other ;  the  body  or  mesosternum,  which  is  really  made  up 
of  four  segments,  is  probably  ossified  as  a  rule  from  eight  centres,  two  for 
each  segment,  and  the  ensiform  or  xiphoid  cartilage  is  ossified  from  one 
centre. 

It  has  been  asserted  (Paterson)  that  the  sternum  arises  independently 
of  the  ribs  from  the  mesoblast  in  the  ventral  median  line  of  the  embryo, 
but  that  it  consists  nevertheless,  as  already  stated,  of  two  parts,  which 
develop  within  the  right  and  left  segments  of  the  somatopleure. 

Its  mode  of  development,  thus  briefly  outlined,  explains  certain  con- 
genital defects  which  have  been  observed  in  the  sternum. 

(1)  There  may  be  a  complete  failure  of  the  two  primitive  segments 
to  meet  and  fuse  in  the  middle  line,  so  that  a  median  gap  is  left,  which  is 
occupied  by  membrane  (fissura  sterni  congenitd). 

(2)  Round  or  oval  gaps  (sternal  foramen)  are  sometimes  met  with  in 
the  body  of  the  bone  which  are  occupied    by  connective  tissue,  and 
evidently  indicate  partial  failure  of  the  sternal  segments  to  unite. 

(3)  A  bifid  condition  of  the  xiphoid  cartilage  which  sometimes  exists 
is  also  due  in  all  probability  to  failure  of  union  of  the  '  sternal  bars  '  at  their 
lower  extremities. 

Apart  from  congenital  defects,  a  very  marked  degree  of  sternal  de- 
formity is  occasionally  noted  as  an  acquired  condition,  resulting  from  the 
habitual  and  constantly  repeated  pressure  to  which  the  bone  is  subjected 
in  those  who  follow  certain  occupations — bootmakers,  carpenters,  etc. 
These  deformities  usually  take  the  form  of  deep  indentations. 
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THE  RIBS  AND  COSTAL  CARTILAGES.— The  ribs,  with 
the  exception  of  the  lower  members  of  the  series,  extend  between 
the  dorsal  spine  and  their  respective  costal  cartilages  in  the  form  of 
flattened  bony  hoops,  somewhat  irregular  in  shape.  The  posterior 
or  vertebral  extremity  of  each  rib  approaches  the  cylindrical  in  form, 
the  anterior  segment  or  shaft  is  flattened,  and  its  lower  border  is  deeply 
grooved  internally  (subcostal  groove)  where  it  lodges  the  intercostal 
vessels  and  nerve. 

Each  rib  is  inclined  obliquely  downwards  from  its  vertebral  extremity, 
and  the  majority  of  the  series  are  also  twisted  at  their  angles  in  such  a 
way  that  their  anterior  and  posterior  extremities  point  in  different  direc- 
tions. The  degree  of  obliquity,  as  a  rule,  is  such  that  the  anterior  ex- 
tremity of  the  first  rib  is  on  the  same  horizontal  plane  as  the  posterior 
extremity  of  the  fourth  ;  similarly,  the  anterior  extremity  of  the  second 
rib  is  on  a  level  with  the  sixth  behind,  that  of  the  third  with  the  seventh, 
and  so  on  ;  thus  a  horizontal  section  through  the  thorax  at  the  level  of 
the  third  costal  cartilage  in  front  would  cut  the  seventh  rib  behind,  hav- 
ing also  divided  the  fourth,  fifth,  and  sixth.  The  ribs  are  very  firmly 
connected  behind  with  the  bodies  and  transverse  processes  of  the  dorsal 
vertebrae  by  the  costo-vertebral  and  costo-transverse  ligaments  ;  in  front 
their  connections  with  the  costal  cartilages  are  also  of  a  very  secure 
nature. 

In  structure  the  ribs  resemble  the  sternum  very  closely,  i.e.  each  is 
made  up  of  a  core  or  central  collection  of  loose  cancellous  tissue  enclosed 
within  a  compact  layer,  and  the  relative  distribution  of  these  is  such  as  to 
endow  the  ribs  with  very  marked  flexibility  and  with  great  power  of  re- 
sistance to  external  injury.  In  elderly  subjects  the  compact  tissue  be- 
comes thinner,  the  cancellous  trabeculae  more  attenuated,  and  con- 
sequently in  such  individuals  the  tendency  of  the  ribs  to  fracture  is 
correspondingly  increased. 

The  Costal  Cartilages  greatly  increase  the  flexibility  and  elasticity  of 
the  ribs  and  thoracic  framework  as  a  whole,  especially  in  children  and 
young  subjects.  In  later  years,  when  the  cartilages  commence  to  ossify, 
there  is  a  great  diminution  of  their  elasticity,  they  become  much  more 
brittle  and  are  more  susceptible  to  fracture.  In  length  they  increase 
from  the  first  to  the  seventh — to  the  eighth  in  some  cases,  viz.,  when  the 
latter  articulates  with  the  sternum — and  diminish  from  this  to  the  twelfth. 
In  consequence  of  the  vertical  extent  of  the  sternum  being  considerably 
less  than  that  of  the  vertebral  and  costal  segments  of  the  thoracic  wall, 
the  lower  costal  cartilages,  from  the  sixth  to  the  tenth  inclusive,  are 
necessarily  curved  in  an  upward  direction,  and  incline  towards  the 
sternum  with  varying  degrees  of  obliquity.  This  arrangement  of  the 
costal  cartilages  accounts  for  the  angular  interval  at  the  lower  part  of 
the  sternal  region,  or  the  subcostal  angle  already  alluded  to  with  the 
topography  of  the  chest. 

Fractures  of  the  Ribs. — In  spite  of  their  elastic  properties,  the  ribs, 
by  reason  of  their  exposed  position,  are  very  commonly  the  seat  of 
fracture,  but  they  are  not  all  equally  liable.  The  first  is  covered  and 
protected  by  the  clavicle  and  is  rarely  broken  ;  the  infrequency  of 
fracture  in  the  second  is  probably  accounted  for  in  the  same  way. 
The  third  rib  is  protected  in  front  by  the  pectoralis  major  muscle, 
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and  laterally  by  the  shoulder  and  the  upper  limb ;  the  fourth  is  similarly 
protected,  but  to  a  lesser  degree.  From  this  downwards,  however,  the 
ribs  are  greatly  exposed.  The  eleventh  and  twelfth  are  very  mobile, 
and  as  they  are  in  addition  well  protected  by  the  overlying  muscles  they 
are  but  seldom  fractured. 

The  mode  of  causation  of  fractures  of  the  ribs  varies  :  they  may  result 
from  direct  or  indirect  violence,  or  from  muscular  action.  Fracture  by 
direct  injury  is  situated  opposite  the  point  struck,  which  is  very  often  near 
the  centre  of  the  rib.  The  first  effect  of  the  injury  is  to  flatten  the  curve 
of  the  rib.  This,  however,  can  only  take  place  up  to  a  certain  point,  and 
the  fracture  occurs  when  the  limit  of  elasticity  of  the  rib  has  been  exceeded. 
When  the  fracture  is  the  result  of  indirect  injury,  the  bony  lesion  is 
situated  at  a  point  remote  from  that  struck.  This  is  well  exemplified  in 
cases  where  the  chest  is  forcibly  squeezed  or  crushed  from  before  back- 
wards. The  exact  site  of  fractures  produced  in  this  way  has  been  a 
subject  of  much  dispute.  According  to  Petit,  they  are  usually  situated 
at  the  point  of  greatest  convexity  of  the  rib.  Malgaigne,  on  the  other 
hand,  considered  them  as  being  more  commonly  situated  in  front  of  this. 
Fractures  so  produced  often  implicate  several  ribs.  When  the  ribs 
fracture  as  the  result  of  muscular  action,  it  is  probable  that  the  lesion 
is  coincident  with  a  sudden  spasmodic  movement,  as  that,  for  example, 
which  takes  place  with  sneezing,  but  an  abnormal  degree  of  brittleness 
of  the  ribs  is  probably  essential  for  such  an  injury  to  take  place. 

When  a  single  rib  is  fractured  there  is  usually  no  displacement ;  it  is 
prevented  from  occurring  by  the  interlocking  of  the  fragments,  by  the 
intact  ribs  above  and  below  which  act  as  splints,  and  by  the  intercostal 
muscles.  When  several  ribs  are  broken,  however,  overlapping  may  take 
place. 

Serious  injury  of  other  parts  is  sometimes  associated  with  fractures 
of  the  ribs.  The  more  common  is  laceration  of  the  pleura  and  of  the 
lung.  These  complications  will  be  rendered  evident  by  the  presence  of 
air  in  the  pleural  cavity  (pneumothorax),  by  the  escape  of  air  from  the 
lung  and  pleural  cavity  into  the  subcutaneous  tissue  in  the  region  of  the 
fracture  (surgical  emphysema) ;  possibly  there  may  also  be  an  extravasa- 
tion of  blood  into  the  pleural  cavity  (Jtcemothorax)  or  into  the  lung  sub- 
stance (pulmonary  apoplexy).  In  cases  of  very  severe  injury  the  broken 
fragments  of  the  lower  ribs  have  been  driven  through  the  diaphragm 
into  the  liver  and  spleen. 

The  costal  cartilages  are  usually  broken  by  direct  violence,  and  in  all 
cases  the  line  of  fracture  is  transverse,  with  sharply  cut  edges.  These 
fractures,  for  reasons  already  given,  are  usually  observed  in  adults  and 
elderly  subjects ;  an  interesting  feature  to  be  noted  concerning  them  is, 
that  the  bond  of  union  which  repairs  the  break  is  usually  osseous 
(Bennett). 

Variations  from  the  normal  number  of  the  ribs  is  not  very 
uncommon,  either  in  the  direction  of  an  increase  or  a  diminution.  When 
the  number  is  diminished,  it  is  usually  by  the  absence  of  the  twelfth. 
When  there  is  an  increase,  it  may  be  through  the  addition  of  an  extra 
dorsal  vertebra,  but  this  is  rare ;  more  commonly  there  is  an  accessory 
lumbar  or  cervical  rib.  Supernumerary  lumbar  ribs  are  always  small, 
and  possess  but  little  practical  importance.  In  the  cervical  region  a  super- 
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numerary  rib  is  usually  found  in  connection  with  the  seventh  cervical 
vertebra.  Cervical  ribs  vary  much  in  length  and  direction  and  their  distal 
extremities  may  end  free,  or  have  an  attachment  to  the  first  rib  proper. 
When  their  length  is  considerable,  they  furnish  attachment  to  the  scalenus 
anticus  muscle,  and  are  crossed  by  the  subclavian  artery,  which  therefore 
rises  to  an  abnormally  high  level  in  the  neck.  Another  fact  of  import- 
ance is  that  in  cases  where  a  cervical  rib  is  well  developed  the  cervical 
dome  of  the  pleura  reaches  up  to  its  level.  These  facts  serve  to  explain 
how  it  has  happened  that  the  pulsations  of  an  abnormally  high  subclavian 
artery  have  been  mistaken  for  those  of  an  aneurysm  of  the  vessel.  In  the 
removal  of  a  cervical  rib,  the  proximity  of  the  pleura  and  the  possibility 
of  its  being  wounded  in  the  course  of  the  operation  must  not  be  forgotten. 
The  Intercostal  Spaces,  eleven  in  number  on  each  side,  correspond 
in  their  length  and  direction  to  the  ribs  and  the  costal  cartilages  between 
which  they  are  placed.  In  their  posterior  or  vertebral  extremities  the 
spaces  are  narrow ;  their  width,  which  coincides  with  the  depth  of  the 
bodies  of  the  corresponding  dorsal  vertebrae,  undergoes  a  gradual  increase 
from  above  downwards.  In  front  of  the  angles  the  spaces  are  also 
narrow,  owing  to  the  fact  that  the  shape  of  the  ribs  changes  at  this 
level,  i.e.  from  being  cylindrical  they  become  flatter  and  wider,  and  the 
intervening  spaces  are  consequently  encroached  upon.  Towards  their 
anterior  extremities  the  ribs  diverge  slightly  from  each  other  and  the 
spaces  widen  out  to  a  corresponding  extent.  The  four  upper  spaces 
are  continued  forwards  to  the  sternum  with  a  fairly  uniform  width,  the 
third,  however,  is  probably  somewhat  wider  than  the  others.  In  the 
lower  spaces  the  widest  portions  are  those  which  are  situated  in  front, 
between  the  angular  bends  which  the  costal  cartilages  make  as  they 
curve  upwards  to  the  sternum.  The  width  of  the  intercostal  spaces  may 
undergo  an  increase  or  a  diminution  as  the  result  of  pathological  causes. 
With  a  large  pleural  effusion  the  chest  wall  on  that  side  bulges,  especially 
in  children,  and  the  intercostal  spaces  are  wide  and  prominent  On  the 
other  hand,  after  the  removal  of  pathological  fluids  (serum  or  pus)  from 
the  chest,  it  is  occasionally  observed  that  the  lung,  owing  to  the  com- 
pression to  which  it  has  been  subjected,  is  unable  to  expand  as  it  should 
under  normal  conditions.  In  order  to  obliterate  the  portion  of  the  pleural 
cavity  originally  occupied  by  the  lung,  and  which  it  is  no  longer  able 
to  fill,  the  diaphragm  ascends  to  an  abnormally  high  level  and  the  chest 
wall  falls  in,  i.e.  the  ribs  come  close  together,  so  as  to  touch  or  even 
overlap  each  other  and  obliterate  the  intercostal  spaces. 

THE  INTERCOSTAL  SPACES.— The  structures  which  occupy  the  intercostal  spaces 
are  the  intercostal  muscles,  vessels,  and  nerves. 

The  Intercostal  Muscles  consist  of  two  strata  of  fleshy  and  tendinous  fibres.  Those 
which  belong  to  the  external  intercostal  muscle  are  directed  from  above  downwards  and  forwards 
from  the  level  of  the  tubercle  of  the  rib  behind  to  the  costo-chondral  junction  in  front.  Although 
the  fleshy  fibres  cease  at  this  level,  the  tendinous  fibres  are  carried  inwards  to  the  sternum  in 
the  form  of  a  thin  membranous  layer — the  anterior  intercostal  membrane. 

The  fibres  of  the  internal  intercostal  muscle  have  a  direction  the  exact  opposite  of  the 
last,  viz.,  from  above  and  in  front  downwards  and  backwards.  They  extend  from  the  sternum 
in  front,  or  the  anterior  part  of  the  intercostal  spaces  lower  down,  to  the  angles  of  the  ribs  behind  ; 
from  this  level,  however,  a  thin  membranous  layer — the  posterior  intercostal  membrane — is  carried 
backwards  to  the  spine. 

Between  the  ribs  and  the  intercostal  muscles  on  the  one  hand  and  the  parietal  pleura  on  the 
other  there  is  a  thin  layer  of  connective  tissue,  which  is  known  as  the  endothoracic  fascia. 

The  Intercostal  Arteries. — The  upper  two  intercostal  spaces  are  supplied  usually  by  the 
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superior  intercostal  artery,  a  branch  of  the  subclavian  ;  the  remaining  spaces  are  supplied  by 
the  intercostal  branches  of  the  thoracic  aorta.  In  addition,  however,  to  these,  there  are  other 
small  vessels  which  proceed  from  the  internal  mammary  artery  or  its  musculo-phrenic  branch 
(anterior  intercostals)  and  anastomose  with  the  superior  intercostal  and  with  the  aortic  intercostal 
arteries.  Taking  one  of  the  upper  aortic  intercostal  arteries  as  a  type,  the  usual  mode  of  distri- 
bution of  these  vessels  is  as  follows.  The  artery  curves  outwards  over  the  side  of  the  body  of  the 
corresponding  dorsal  vertebra  lying  beneath  the  pleura  and  crossed  by  the  sympathetic  nerve, 
and  having  reached  the  ^posterior  part  of  the  intercostal  space  it  crosses  it  somewhat  obliquely  in 
order  to  gain  the  lower  border  of  the  rib  which  bounds  the  space  above,  at  its  angle.  The 
artery  at  this  point  enters  the  subcostal  groove  and  runs  forwards  in  it  to  the  anterior  part  of  the 

Internal  Intercostal  M. 
Anterior  Intercostal  Art. 


Triangularis  Stern 

Superior  Epigast 

Musculo-ph 

FlG.  98. — Dissection  of  the  internal  mammary  artery.  This  figure  is  intended  to  demonstrate 
the  parts  concerned  in  the  surgery  of  the  pericardium.  The  sternal  extremities  of  the  fifth 
and  sixth  costal  cartilages  have  been  removed,  and  the  internal  mammary  artery  is  seen 
dividing  into  its  terminal  branches — superior  epigastric  and  musculo-phrenic  arteries.  This 
illustration  also  conveys  an  idea  of  the  space  available  for  approach  to  the  pericardium 
between  the  two  pleural  sacs — inter-pleural  space. 

space,  where  it  anastomoses  with  one  of  the  anterior  intercostal  branches  of  the  internal  mammary 
artery.     As  the  artery  lies  in  the  subcostal  groove  it  is  well  sheltered  and  protected  ;  it  is  accom- 
panied by  two  venae  comites  and  by  the  intercostal  nerve,  the  latter  occupying  the  lowest  position. 
The  more  important  branches  given  off  by  the  artery  are — 

(1)  The  dorsal  branch. — This  arises  near  the  commencement  of  the  artery,  and  immediately 
passes  backwards  in  the  interval  between   the  body  of  the   vertebra  and   the  superior  costo- 
transverse  ligament,  and  divides  into  a  spinal  and  a  muscular  branch.     The  spinal  branch  enters 
the  canal  and  is  distributed  to  the  spinal  cord  and  its  membranes.     The  muscular  branch  passes 
backwards  and  breaks  up  into  minute   vessels  which  supply  the  muscles  of  the  back  and  the 
overlying  tissues. 

(2)  The  collateral  intercostal  branch  is  a  slender  vessel  which  arises  close  to  the  angle  of 
the  rib  and  crosses  the  space  obliquely  so  as  to  gain  the  upper  border  of  the  rib  which  bounds 
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the  space  below,  along  which  it  proceeds  forwards  towards  the  anterior  part  of  the  space  and 
anastomoses  with  one  of  the  anterior  intercostal  branches  of  the  internal  mammary  artery. 

(3)  Mammary  branches  are  given  off  by  the  intercostal  arteries  in  the  third,  fourth,  and 
fifth  spaces.  They  help  to  supply  the  mammary  gland,  and  attain  a  large  size  during  the  period 
of  lactation. 

The  Triangularis  Sterni  Muscle  arises  from  the  lower  part  of  the  body  of  the  sternum  on 
its  deep  aspect,  from  the  back  of  the  xiphoid  cartilage,  and  also  from  the  deep  aspect  of  the 
sternal  extremities  of  the  fifth,  sixth,  and  seventh  costal  cartilages.  It  is  inserted  by  a  series  of 
slips  into  the  lower  borders  of  the  costal  cartilages  of  the  second,  third,  fourth,  and  fifth  ribs  on 
their  deep  aspect  (fig.  98).  From  its  position  and  the  direction  of  its  fibres  it  appears  to  be  an 
upward  continuation  of  the  transversalis  abdominis  muscle. 

The  Internal  Mammary  Artery  arises  from  the  lower  or  concave  aspect  of  the  subclavian 
artery  in  its  first  stage,  at  the  inner  border  of  the  scalenus  anticus  muscle.  It  is  directed  down- 
wards, inwards,  and  slightly  forwards,  in  close  relationship  with  the  phrenic  nerve  (fig.  106)  and 
passes  under  cover  of  the  clavicle  to  the  deep  aspect  of  the  first  costal  cartilage.  It  continues  its 
course  behind  the  succeeding  cartilages  and  the  internal  intercostal  muscles,  at  a  distance  of  from 
half  to  three-quarters  of  an  inch  from  the  margin  of  the  sternum.  Having  reached  the  interval 
between  the  sixth  and  seventh  costal  cartilages,  it  divides  into  its  two  terminal  branches,  the 
superior  epigastric  and  musculo-phrenic  arteries.  In  its  thoracic  stage  it  lies  upon  the  pleura 
above,  but  lower  down  it  is  related  behind  to  the  triangularis  sterni  muscle  (fig.  98). 

In  addition  to  a  number  of  small  branches  which  are  distributed  to  the  phrenic  nerve,  the 
mediastinum,  the  pericardium,  and  the  sternum,  the  artery  also  gives  off  the  anterior  perforating 
and  the  anterior  intercostal  arteries. 

The  anterior  intercostal  branches,  two  in  number  to  each  of  the  upper  five  or  six  spaces, 
run  outwards  close  to  the  rib  margins  and  anastomose  with  the  aortic  intercostal  vessels. 

The  perforating  branches  are  small,  they  pass  directly  forwards  through  the  five  or  six  upper 
spaces  and  supply  the  pectoralis  major  and  the  overlying  tissues.  The  perforating  branches  from 
the  second,  third,  and  fourth  spaces  supply  the  inner  and  deep  aspects  of  the  mammary  gland,  and 
are  greatly  enlarged  during  lactation. 

The  superior  epigastric  artery  continues  in  the  direction  of  the  parent  trunk.  Passing  behind 
the  seventh  costal  cartilage,  and  between  the  sternal  and  costal  attachments  of  the  diaphragm,  it 
enters  the  sheath  of  the  rectus  muscle,  within  which  it  anastomoses  with  the  deep  epigastric 
artery. 

The  musculo-phrenic  artery  is  directed  outwards  and  downwards  in  the  direction  of  the 
attachment  of  the  diaphragm,  beneath  the  costal  arch.  At  the  level  of  the'eighth  costal  cartilage 
it  pierces  the  diaphragm  and  contributes  to  its  vascular  supply.  It  furnishes  anterior  intercostal 
branches  to  the  lower  five  spaces,  and  sends  some  branches  in  addition  to  the  muscles  of  the 
abdominal  wall. 

The  Internal  Mammary  Artery  is  destined  mainly  for  the  diaphragm, 
but  in  addition  to  this  its  numerous  branches  are  distributed  throughout 
a  wide  area,  and  form  a  number  of  important  anastomoses  between 
districts  in  the  arterial  system  which  are  separated  by  wide  intervals. 
The  two  arteries  anastomose  with  each  other  behind  the  sternum.  Their 
anterior  intercostal  branches  anastomose  with  the  aortic  intercostals  and 
with  certain  branches  of  the  axillary  artery  which  are  distributed  to  the 
chest  wall.  These  are  important  collateral  channels  in  case  of  ligature  of 
either  the  axillary  or  of  the  subclavian  artery  in  its  third  stage.  Within 
the  sheath  of  the  rectus  the  superior  epigastric  branch  of  the  internal 
mammary  artery  anastomoses  with  the  deep  epigastric  artery,  and  in 
this  way  the  subclavian  and  external  iliac  vessels  are  brought  into 
communication.  This  anastomosis  comes  into  play  after  ligature  of  the 
external  or  common  iliac  vessels.  Again,  the  subclavian  artery  is 
brought  into  communication  with  the  abdominal  aorta  by  means  of  the 
anastomosis  between  the  musculo-phrenic  and  the  inferior  phrenic 
arteries  in  the  diaphragm. 

The  close  proximity  of  the  internal  mammary  artery  to  the  sternal 
margin  must  not  be  forgotten  when  operative  measures  are  being  carried 
out  upon  this  part  of  the  chest  wall,  as  in  the  removal  of  tubercular  foci 
of  disease  in  the  ribs  or  sternum,  or  paracentesis  of  the  pericardium. 

Occasionally  a  branch,  which  may  attain  considerable  size,  leaves  the 
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internal  mammary  high  up  and  passes  downwards  and  outwards  in 
relation  to  the  inner  aspect  of  the  ribs  and  intercostal  spaces,  about  mid- 
way between  the  spine  and  the  sternum.  It  may  give  rise  to  considerable 
haemorrhage  if  divided  in  the  operation  of  thoracotomy. 

The  Anterior  Mediastinal  Glands  which  are  arranged  around  the 
internal  mammary  artery  are  somewhat  variable  in  number,  but  as  a 
general  rule  two  are  found  in  each  intercostal  space  (fig.  62).  They 
are  in  communication  with  the  lymphatic  vessels  which  pass  upwards 
from  the  diaphragm,  from  the  anterior  extremities  of  the  intercostal 
spaces  and  from  the  inner  part  of  the  mammary  gland,  and  are  con- 
sequently liable  to  suffer  from  certain  forms  of  disease  transmitted  from 
these  parts — tuberculosis,  cancer,  septic  infection,  etc. 

Thoracotomy. — An  incision  through  one  of  the  intercostal  spaces 
is  usually  required  for  the  purpose  of  evacuating  a  collection  of  pus 
within  the  pleural  cavity.  In  carrying  out  this  simple  operation  it  is 
well  to  bear  in  mind  that  if  the  incision  be  made  close  to  the  upper  limit 
of  the  space  the  intercostal  artery  will  be  endangered,  but  from  its  con- 
cealed position  in  the  subcostal  groove,  division  of  this  vessel  is  by 
no  means  likely  to  happen  (fig.  99).  The  best  way  to  avoid  such  an 
accident  is  to  incise  the  intercostal  structures  close  to  the  margin  of 
the  rib  which  bounds  the  space  below.  Another  risk  to  be  considered 
in  thoracotomy  is  wound  of  the  diaphragm.  Below  the  horizontal  level 
of  the  sternal  extremity  of  the  fifth  costal  cartilage  the  lower  part  of 
the  pleural  cavity  quickly  narrows  and  forms  a  tapering  recess  between 
the  diaphragm  and  chest  wall  (fig.  95).  A  deep  incision  therefore 
made  through  one  of  the  lower  intercostal  spaces  may  not  only  open 
the  pleural  cavity,  but  may  also  wound  the  diaphragm  and  enter  the 
peritoneal  cavity. 

Resection  of  a  portion  of  one  of  the  ribs  is  not  infrequently  required 
when  the  intercostal  spaces  are  very  narrow,  so  that  it  is  impossible  to 
introduce  the  finger  or  a  drainage-tube  into  the  pleural  cavity.  An 
incision  is  made  in  the  long  axis  of  the  rib  which  is  selected,  and  the 
overlying  tissues  are  divided  down  to  the  periosteum.  This  also  is 
incised  and  peeled  off  the  bone  both  on  its  superficial  and  deep  aspects, 
the  intercostal  artery  being  displaced  at  the  same  time  from  the  sub- 
costal groove.  The  exposed  piece  of  rib  is  divided  in  two  places  from 
one  to  one  and  a  half  inches  apart,  and  the  included  segment  removed. 
The  pleura,  which  may  be  considerably  thicker  than  normal,  is  divided 
above  and  parallel  to  the  intercostal  vessels.  The  periosteum  which 
covers  the  ribs  has  a  very  remarkable  bone-forming  power,  and  it  is 
astonishing  how  quickly  new  bone  replaces  the  part  removed,  provided 
the  periosteum  has  been  preserved. 

The  Intercostal  Nerves. — The  upper  five  intercostal  nerves  are 
distributed  to  the  chest  wall  (intercostal  muscles  and  pleura),  and  through 
their  lateral  and  anterior  cutaneous  branches  they  supply  the  overlying 
integument.  The  lateral  cutaneous  branch  of  the  second  intercostal 
nerve  (intercosto-humeral)  crosses  the  floor  of  the  axilla  and  is  distributed 
to  the  skin  which  invests  the  inner  and  posterior  aspect  of  the  arm  in  its 
upper  two-thirds. 

The  lower  six  intercostal  nerves  and  the  last  dorsal  nerve  exceed  the 
limits  of  the  chest  wall  in  front,  and  are  continued  into  the  abdominal 
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parietes  between  the  internal  oblique  and  transversalis  muscles  (p.  387). 
In  addition  to  the  abdominal  muscles,  they  also  supply  the  overlying 
skin  and  the  peritoneum  which  lines  the  abdominal  parietes.  The  last 
dorsal  nerve  also  through  its  iliac  branch  helps  to  supply  the  skin  of  the 
gluteal  region. 

A   point   of  very  great  interest  and  of  very  considerable  practical 

Clavicle. 


Clavicular  part  of  Pectoralis  Major  M. 

Cephalic  Vein. 

Brachial  Nerves.  — 
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Sternal  part  of  Pectoralis  Major  M. 
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Intercostal  Vessels. 


Diaphragm. 

Liver>  Stomach.  Spleen. 

FIG.  99. — Sagittal  section  through  the  shoulder  and  chest  on  the  left  side.  Note  the  position 
of  the  scapula  with  reference  to  the  chest  wall,  the  close  manner  in  which  it  is  invested 
by  muscles,  and  its  arched  outline.  The  anterior  or  pectoral  wall  of  the  axilla  is  also  seen, 
as  well  as  the  space  itself  with  its  contained  structures.  This  figure  has  been  drawn  from 
a  mounted  specimen  in  the  Anatomical  Department  of  Trinity  College.  | 

importance  is  the  frequency  with  which  pain  is  referred  to  the  districts 
supplied  by  the  intercostal  nerves.  In  cases  of  costal  pleurisy  involving 
the  lower  half  of  the  chest,  the  upper  part  of  the  abdominal  wall  is  some- 
times retracted  and  the  overlying  skin  tender  to  touch.  It  occasionally 
happens,  too,  that  pleuro-pulmonic  disease  closely  simulates  peritonitis, 
and  is  even  mistaken  for  it,  more  particularly  in  cases  where  the 
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abdomen  is  acutely  tender,  painful,  and  rigid.  Mistakes  like  this  are 
all  the  more  likely  to  occur  as  the  thoracic  symptoms  are  not  always 
striking,  but  remain  masked  by  those  of  the  abdominal  disease.  Pain 
referred  to  the  umbilical  region  is  sometimes  observed  as  an  early 
symptom  in  cases  of  spinal  caries  (dorsal)  before  curvature  of  the  spine 
or  other  characteristic  phenomena  of  the  disease  have  appeared.  For 
further  observations  concerning  reflex  sensory  symptoms  referred  to  the 
territories  supplied  by  the  intercostal  nerves,  see  p.  391. 


THE  THORACIC  CAVITY. 

The  thoracic  cavity  consists  of  three  main  subdivisions,  viz.,  a  pleuro- 
pulmonic  on  each  side,  and  an  intervening  region  which  is  known  as  the 
mediastinum,  and  within  which  are  contained  the  heart  and  pericardium, 
the  great  vessels,  the  trachea  and  its  two  main  divisions,  the  cesophagus, 
thoracic  duct,  etc. 

The  Pleuro-pulmonic  Region. —  The  pleural  cavity  on  each  side  is 
lined  by  the  thin  pleural  membrane,  and  is  almost  completely  occupied 
by  the  lung,  the  only  portions  unoccupied  being  a  small  recess  on  the 
leftside,  corresponding  to  the  incisura  in  the  anterior  margin  of  the  lung 
and  the  lower  portions  of  both  cavities  which  are  interposed  between  the 
diaphragm  and  the  chest  wall.  These  portions  of  the  pleural  cavities 
unoccupied  by  lung  are  known  as  the  pleural  sinuses  ;  they  diminish  in 
extent  with  the  expansion  of  the  lungs  at  each  inspiration,  but  are 
probably  never  completely  filled. 

In  structure  the  pleura  is  composed  of  a  layer  of  connective  and 
elastic  tissue,  lined  internally  by  flat  endothelial  cells.  Its  free  surfaces 
are  smooth  and  shining,  and  are  moistened  by  a  small  amount  of  clear 
serous  fluid. 

For  descriptive  purposes,  it  is  customary  to  consider  the  pleura  as 
consisting  of  two  layers,  a  parietal  and  a  visceral,  both  of  which  are  con- 
tinuous with  each  other,  however,  at  the  pulmonary  root. 

The  parietal  pleura  lines  the  pleural  cavity  and  in  conjunction  with  the  visceral  part 
forms  a  perfectly  closed  sac.  Its  connection  with  the  underlying  structures  is  not  very  intimate, 
and  as  a  rule  its  separation  is  readily  effected,  in  which  respect  it  contrasts  very  forcibly  with  the 
visceral  pleura,  which  is  closely  adherent  to  the  lung  tissue.  Externally  it  is  applied  against  the 
inner  aspect  of  the  chest  wall,  viz.,  the  ribs  and  intercostal  spaces  ;  above  it  extends  into  the  root 
of  the  neck  (thoracico-cervical  region"),  below  it  gives  a  partial  investment  to  the  upper  aspect  of 
the  diaphragm,  and  internally  it  is  applied  against  the  structures  which  occupy  the  mediastinal 
space.  It  is  customary  therefore  to  speak  of  the  costal,  cervical,  diaphragmatic,  and  mediastinal 
portions  of  the  parietal  pleura,  although  they  are  quite  continuous  with  each  other. 

The  cervical  pleura  has  already  been  noted  in  so  far  as  it  is  related  to  the  structures  at  the 
root  of  the  neck  (p.  228) ;  it  is  connected  with  the  adjoining  portion  of  the  spine  and  with  the 
first  rib  by  certain  fibrous  bands  or  supporting  ligaments  (Zuckerkandl),  and  by  an  occasional 
muscular  slip  derived  from  the  scaleni. 

The  costal  pleura  is  probably  the  strongest  portion  of  the  membrane.  Its  connections  with 
the  chest  wall  are  fairly  loose,  and  it  rests  upon  a  layer  of  connective  tissue,  known  as  the  endo- 
thoracic  fascia.  Tracing  it  from  before  backwards,  it  is  applied  against  the  back  of  the  sternum, 
the  triangularis  sterni  muscle,  the  internal  mammary  vessels,  and  the  internal  intercostal  muscles. 
Behind  the  angles  of  the  ribs  it  comes  into  relationship  with  the  intercostal  vessels  and  nerves, 
the  external  intercostal  muscles,  and  the  gangliated  cord  of  the  sympathetic. 

The  diaphragmatic  pleura  is  rather  adherent.  It  does  not  extend  quite  down  to  the  line 
of  attachment  of  the  diaphragm  to  the  chest  wall,  but  is  separated  from  it  by  an  interval  contain- 
ing some  fibrous  and  fatty  connective  tissue.  In  front  there  is  sometimes  a  very  marked  accumu- 
lation of  fat  beneath  it  at  each  side  of  the  base  of  the  pericardium. 
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The  mediastinal  pleura  is  loosely  applied  to  the  structures  upon  which  it  rests.  At  the 
upper  part  of  the  cavity  on  both  sides  it  extends  without  interruption  from  the  sternum  to  the 
spine,  but  immediately  below  this  it  is  reflected  from  the  pericardium  over  the  root  of  the  lung 
and  becomes  continuous  with  the  visceral  pleura.  The  two  layers  which  surround  the  pulmonary 
root  come  together  at  its  lower  border  and  form  a  sort  of  mesenteric  fold — the  ligamentum  latum 
pulmonis. 

THE  PLEURAL  REFLEXIONS.— At  certain  levels  the  parietal  pleura  is  folded 
upon  itself,  as  it  is  reflected  from  one  wall  of  the  cavity  to  another.  Two  of  these  reflexions 
possess  a  high  degree  of  practical  interest,  viz.,  the  anterior  or  mediastinal  reflexion  and  the 
lower  or  diaphragmatic  reflexion. 

The  anterior  line  of  pleural  reflexion  (fig.  100)  differs  somewhat  on  the  two  sides. 
Commencing  above  the  inner  extremity  of  the  clavicle  opposite  the  interval  between  the  two 


FIG.  100. — Projection  of  the  lungs  and  pleural  sacs  upon  the  anterior  aspect  of  the  chest  wall. 

heads  of  the  sterno-mastoid  muscle,  it  inclines  downwards  and  inwards  on  the  right  side  behind  the 
sterno-clavicular  articulation,  and  meets  its  fellow  of  the  opposite  side  at  the  level  of  the  lower 
border  of  the  manubrium  at  or  a  little  to  one  side — usually  the  left — of  the  mid-sternal  line. 
From  this  it  descends  in  an  almost  vertical  direction  to  the  level  of  the  sixth  intercostal  space  or 
the  seventh  costal  cartilage,  when  it  curves  outwards  and  becomes  continuous  with  the  costo- 
diaphragmatic  reflexion. 

On  the  left  side  the  anterior  pleural  reflexion  behaves  like  that  on  the  right  down  to  the 
level  of  the  junction  of  the  fourth  costal  cartilage  with  the  sternum.  At  this  point  it  deviates 
outwards  behind  the  inner  extremities  of  the  fifth  and  sixth  costal  cartilages,  as  the  result  of 
which  the  fifth  and  sixth  intercostal  spaces  for  a  short  distance  at  the  side  of  the  sternum  are  in 
relation  posteriorly  to  the  sac  of  the  pericardium  without  the  intervention  of  the  pleura. 

The  lower  line  of  pleural  reflexion,  starting  from  the  sternal  extremity  of  the  sixth  inter- 
costal space  on  the  right  side,  inclines  downwards  and  outwards,  and  crosses  behind  the 
junction  of  the  seventh  rib  with  its  costal  cartilage.  It  reaches  the  seventh  intercostal  space  in 
the  mammary  line,  and  from  this  point  it  continues  its  downward  direction  beneath  the  eighth 
and  ninth  ribs,  reaching  its  lowest  level  beneath  the  tenth  rib,  or  in  the  tenth  space,  a  little 
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behind  the  mid-axillary  line.  Changing  its  direction  now,  it  runs  horizontally  inwards — some- 
times it  even  ascends  slightly — to  reach  the  spine  at  the  level  of  the  vertebral  extremity  of  the 
twelfth  rib. 

On  the  left  side  the  reflexion  of  the  pleura  from  the  chest  wall  to  the  diaphragm  commences 
behind  the  sixth  costal  cartilage  at  a  variable  distance  from  the  margin  of  the  sternum  ;  in  the 
remainder  of  its  course  it  resembles  the  line  of  reflexion  on  the  right  side. 

VARIABILITY  IN  THE  PLEURAL  REFLEXIONS.— The 
pleural  reflexions  from  the  back  of  the  sternum  are  subject  to 


FIG.  101. — Projection  of  the  right  lung  and  pleural  sac  upon  the  lateral  aspect  of  the  chest  wall. 

some  variability.  One  or  other  pleural  sac  may  advance  further 
forwards  than  usual,  or  may  stop  short  of  its  normal  level  behind  the 
sternum,  only  reaching  perhaps  to  the  anterior  extremities  of  the  costal 
cartilages.  The  practical  significance  of  this  variability  is  most  evident 
when  its  consequences  are  considered  with  reference  to  the  precordial 
region.  From  the  description  given  above  it  will  be  seen  that  the 
pericardium  may  be  reached  through  the  anterior  extremities  of  the 
fifth  and  sixth  intercostal  spaces  without  wounding  the  pleura.  Should 
the  left  pleural  sac,  however,  exceed  its  usual  limits  and  advance  inwards 
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over  the  precordial  area,  it  would  inevitably  be  wounded  in  the  procedure 
of  tapping  the  pericardium.  One  can  never  be  quite  certain  therefore 
as  to  how  much,  or  even  if  any,  of  the  pericardium  is  uncovered  by  the 
pleura  (see  paracentesis  pericardii). 

The  lower  line  of  pleural  reflexion,  although  fairly  constant,  yet  is 
liable  to  vary  slightly,  especially  at  its  inner  or  vertebral  part.  Rarely 
does  it  fail  to  descend  to  the  level  of  the  vertebral  extremity  of  the 
twelfth  rib,  even  in  cases  where  the  latter  is  absent  or  in  a  rudimentary 
state.  Occasionally  the  pleural  reflexion  reaches  a  lower  level,  descending 
as  far  as  that  of  the  transverse  process  of  the  first  lumbar  vertebra  (fig. 
102).  The  limit  of  the  pleural  cavity  may  therefore  exceed  the  lower 
border  of  the  vertebral  segment  of  the  twelfth  rib  for  half  to  three- 
quarters  of  an  inch,  and  this  is  a  fact  of  considerable  importance  in  con- 
nection with  the  operations  which  are  performed  upon  the  kidney  in  the 
lumbar  region  (lumbar  nephrectomy).  Should  the  incision  be  carried 
deeply  up  into  the  angle  between  the  last  rib  and  the  spine,  the  pleura 
runs  the  risk  of  being  wounded.  Again,  it  is  always  advisable  to  count 
the  ribs  before  making  deep  incisions  in  the  lumbar  region,  otherwise  the 
eleventh  rib  may  be  mistaken  for  the  twelfth  in  cases  where  the  latter 
is  in  a  rudimentary  state ;  and  bearing  in  mind  the  fact  that  even  when 
such  a  condition  is  present  the  pleural  sac  may  still  reach  down  to  its 
normal  level,  the  danger  of  wounding  it  will  be  greatly  increased. 

The  pleural  surfaces  are  normally  smooth  and  glistening,  and  are 
moistened  by  a  small  amount  of  serous  fluid,  which  facilitates  the  move- 
ments which  take  place  between  the  opposing  parietal  and  visceral 
layers.  When  the  pleura  is  inflamed  its  surface  becomes  rough  from  the 
deposition  of  fibrin,  and  a  characteristic  friction  sound  is  heard  on 
auscultation  over  the  affected  area,  due  to  the  rubbing  of  the  roughened 
surfaces  one  against  the  other.  It  may  also  be  detected  on  applying  the 
hand  flat  to  the  side  of  the  chest ;  when  perceived  in  this  way  it  is  called 
friction  fremitus. 

A  very  common  result  of  pleural  inflammation  is  adhesion  between 
the  parietal  and  visceral  layers ;  in  fact  one  rarely  finds  the  lungs  in  post- 
mortem examinations  of  adults  quite  free  from  adhesion  to  the  chest 
wall.  In  many  cases  this  is  to  be  regarded  as  a  conservative  process, 
seeing  that  it  serves  to  protect  the  pleural  cavity  from  the  dangers  which 
would  otherwise  attend  the  spread  of  pulmonary  disease  in  a  peripheral 
direction. 

The  physical  conditions  as  regards  pressure  which  obtain  within 
the  pleural  cavities  are  of  the  highest  practical  significance. 

The  lungs  normally  fill  these  cavities,  with  the  exception  of  the 
pleural  sinuses  alluded  to  above.  There  is  no  actual  pleural  cavity, 
however,  as  the  surfaces  of  the  membrane  are  perpetually  in  contact 
with  each  other.  During  life  the  lungs  are  always  in  a  state  of  relative 
distension.  At  birth  they  are  solid,  but  subsequently,  as  the  growth  of 
the  body  proceeds,  the  increase  in  their  volume  is  due  not  so  much  to  a 
corresponding  growth  on  their  part  as  to  their  relatively  distended 
state.  The  lungs  too,  owing  to  their  highly  elastic  properties,  are  vainly 
endeavouring  to  shrink,  resembling  in  this  respect  a  piece  of  stretched 
rubber,  but  are  prevented  doing  so  by  the  counteracting  force  of  the 
atmospheric  pressure.  So  long  as  the  pleural  cavities  remain  closed 
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the  lung  cannot  recede  from  the  chest  wall,  otherwise  a  vacuum  would 
be  caused  within  the  pleural  cavity. 

As  the  atmospheric  pressure  in  the  pulmonary  air  passages  is 
to  some  extent  expended  in  counteracting  the  tendency  of  the  lungs 
to  contract,  it  follows  that  the  pressure  in  the  thorax  outside  the 
lungs  must  be  less  than  the  atmospheric  pressure  upon  the  exterior  of 
the  thorax  by  the  amount  so  lost  in  overcoming  the  pulmonary 
elasticity.  A  practical  demonstration  of  the  truth  of  these  statements 


FIG.  102. — Projection  of  the  lungs  and  pleural  sacs  upon  the  posterior  aspect  of  the  chest  wall. 

can  be  obtained  usually  in  the  course  of  dissection  of  the  thoracic  wall. 
So  long  as  the  parietal  pleura  is  intact  the  visceral  pleura  lies  in  contact 
with  it,  but  if  a  small  puncture  be  made  in  the  forme/,  air  immediately 
enters,  the  lung  falls  away,  and  its  volume  greatly  diminishes.  In  other 
words,  the  pressure  within  the  pleural  cavity  is  now  equal  to  that  within 
the  lung,  and  the  elasticity  of  the  latter  being  left  free  to  act,  promptly 
causes  the  viscus  to  collapse. 

Pneumothorax. — The  presence  of  air  within  the  pleural  cavity 
during  life  is  known  as  pneumothorax.  The  air  may  enter  through  a 
perforation  in  the  lung  or  in  the  parietal  pleura.  In  the  former  case  it 
is  a  not  uncommon  complication  of  pulmonary  tuberculosis,  viz.,  a 
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sequela  of  the  rupture  of  a  cavity.  Pneumothorax  may  also  be  caused 
by  a  penetrating  wound  of  the  chest,  accidental  or  otherwise.  Owing  to 
the  frequency  of  pleural  adhesions,  however,  pneumothorax  by  no  means 
always  takes  place  when  the  pleural  cavity  is  opened.  In  addition  to 
adhesion,  another  factor  is  to  be  considered  as  tending  to  prevent 
pneumothorax,  viz.,  the  cohesion  which  exists  between  the  lung  and  the 
chest  wall.  This  is  accounted  for  partly  by  the  smoothness  of  the 
pleural  surfaces  and  also  by  their  moist  character,  in  consequence  of 
which  the  lung  is  glued  to  the  chest  wall  much  in  the  same  way  that  a 
sucker  adheres  to  a  moist  surface.  The  most  severe  form  of  pneumo- 
thorax is  probably  that  which  is  associated  with  a  valvular  wound  of  the 
lung.  The  air  is  pumped  into  the  pleural  cavity  with  each  inspiration, 
and  continues  to  accumulate  within  it ;  the  lung  meanwhile  collapses 
and  becomes  compressed,  and  the  heart  is  pushed  over  to  the  opposite 
side.  The  opposite  lung  also  is  compressed,  dyspnoea  becomes  extreme, 
and  unless  relief  be  afforded,  death  will  almost  certainly  supervene.  The 
procedure  usually  adopted  in  such  cases  consists  in  introducing  a  small 
trochar  and  cannula  through  an  intercostal  space,  and  allowing  the 
cannula  to  remain  in  situ. 

Pleural  effusions  are  usually  the  result  of  inflammatory  changes  in 
the  membrane,  and  are  either  sero-fibrinous  or  purulent  in  character. 
A  collection  of  clear  watery  serum  is  frequently  found  in  the  pleural 
cavity  without  any  sign  of  inflammation  being  present,  and  is  evidently 
the  result  of  passive  congestion.  This  form  of  effusion  is  not  uncommon 
in  Bright's  disease  or  in  valvular  disease  of  the  heart,  and  is  known 
as  hydrothorax. 

Empyema,  or  purulent  pleurisy,  presents  many  points  of  interest  in 
the  present  connection,  as  it  entails  the  consideration  of  certain  important 
questions  bearing  upon  the  applied  anatomy  of  the  pleura  and  the  lung. 

An  empyema  occupying  the  general  cavity  of  the  pleura  may  attain 
very  large  proportions,  displacing  and  compressing  the  lung,  and  perhaps 
rendering  the  chest  wall  more  prominent  on  the  affected  side.  Both  the 
visceral  and  parietal  layers  of  the  pleura  not  infrequently  undergo  very 
marked  pathological  changes.  From  being  extremely  thin  and  delicate, 
the  membrane  increases  in  thickness,  often  to  a  remarkable  degree, 
becoming  tough  and  fibrous  or  almost  cartilaginous  in  consistency.  Its 
surfaces  are  no  longer  smooth  and  shining,  but  irregular  and  covered  by 
granulation  tissue.  Such  alterations  in  the  character  of  the  visceral  pleura 
are  followed  by  serious  consequences,  as  they  limit  if  not  entirely  abolish 
the  expansile  power  of  the  lung,  and  prevent  it  re-establishing  its  original 
relationships  within  the  pleural  cavity  after  the  contents  of  the  empyema 
have  been  evacuated. 

More  common  than  the  general  form  of  empyema  is  that  which  is 
localised  or  confined  by  adhesions  to  certain  parts  of  the  pleural  cavity. 
The  more  usual  sites  are — between  the  basal  aspect  of  the  lung  and 
the  diaphragm,  between  the  lung  and  the  chest  wall,  in  one  of  the 
interlobar  fissures,  or  between  the  inner  aspect  of  the  lung  and  the 
mediastinum. 

An  empyema,  if  left  to  itself,  may  discharge  its  contents  in  various 
directions.  From  the  pleural  cavity  the  pus  may  make  its  way  into 
the  lung  and  be  expectorated  ;  it  may  ulcerate  into  the  pericardium  or 
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escape  externally  through  a  sinus  in  the  chest  wall.  Occasionally  it 
extends  into  the  abdomen,  a  favourite  site  for  its  downward  progress 
being  the  narrow  interval  between  the  costal  and  vertebral  attachments 
of  the  diaphragm. 

Thoracotomy. — The  particular  point  selected  in  the  chest  wall  for 
evacuating  an  empyema  depends  upon  a  variety  of  circumstances. 
Following  the  rule  which  regulates  the  choice  of  site  for  incising  the 
walls  of  abscesses  in  other  parts  of  the  body,  one  would  a  priori  conclude 
that  the  most  suitable  site  for  opening  an  empyema  would  be  at  the 
most  dependent  part  of  the  pleural  cavity,  such  as  the  ninth  intercostal 
space,  between  the  mid-axillary  and  scapular  lines.  Against  this,  however, 
it  is  to  be  noted  that  in  empyemata  of  long  standing  the  pleural  layers 
bounding  the  costo-diaphragmatic  recess  are  often  glued  together  or 
even  firmly  adherent,  in  consequence  of  which  the  lower  part  of  the 
pleural  cavity  is  obliterated,  and  an  incision  at  the  level  just  named 
would  probably  result  in  a  wound  of  the  diaphragm,  or  even  of  some 
of  the  abdominal  contents  (liver,  spleen).  Again,  in  many  cases  when 
an  extensive  empyema  has  been  evacuated,  the  closure  of  the  cavity 
is  effected  to  a  large  extent  by  the  approximation  of  its  walls.  The  dome 
of  the  diaphragm  ascends,  the  lung  expands  as  far  as  it  is  permitted,  the 
chest  wall  falls  in,  and  the  mediastinum  deviates  in  an  outward  direction. 
Supposing  that  in  a  case  of  this,  sort  the  pleural  cavity  had  been  opened 
close  to  its  lower  limit,  the  passage  leading  into  it  from  without  would 
before  long  assume  an  oblique  ascending  direction  between  the  chest 
wall  and  the  diaphragm,  and  the  difficulty  of  retaining  the  drainage-tube 
would  be  greatly  increased  (Godlee).  For  these  reasons  many  surgeons 
prefer  to  reach  the  pleural  cavity  through  the  sixth  or  seventh  intercostal 
space  in  front  of  the  posterior  axillary  fold.  So  long  as  the  individual 
occupies  the  recumbent  position,  openings  made  at  these  levels  will 
usually  be  found  to  afford  adequate  drainage. 

In  cases  of  localised  empyemata,  the  site  of  the  evacuating  incisions 
must  be  regulated  according  to  the  situation  of  the  pus,  this  having  been 
determined  beforehand  by  means  of  an  exploring  needle. 

The  intercostal  spaces  are  sometimes  so  narrow  that  it  is  impossible 
to  get  sufficient  access  to  the  pleural  cavity  without  resecting  portion 
of  a  rib.  The  manner  in  which  this  is  carried  out  has  already  been 
fully  described  (p.  349). 

Thoracoplasty. — In  the  account  of  the  surgical  treatment  of  empye- 
mata just  given,  it  was  stated  that  the  cavity  left  after  the  evacuation 
of  a  large  empyema  was  to  a  large  extent  obliterated  by  the  gradual 
approximation  of  its  walls,  especially  in  those  cases  in  which  the 
expansile  power  of  the  lung  has  been  much  reduced  by  pathological 
changes  affecting  the  pleura  and  the  pulmonary  connective  tissue.  It 
sometimes  happens,  however,  that  nature  is  unable  to  complete  the  cure. 
The  rigidity  of  the  chest  walls  is  mainly  accountable  for  this.  When 
the  side  falls  in,  the  ribs  come  together  and  owing  to  their  unyielding 
character  the  further  obliteration  of  the  cavity  is  prevented.  To  meet 
this  difficulty  Estlander  of  Helsingfors  devised  an  operation  which  had 
for  its  object  the  resection  of  those  portions  of  the  ribs  which  were 
related  to  the  outer  wall  of  the  cavity.  These  being  removed,  no  further 
obstacle  was  left  to  prevent  the  walls  coming  together.  Several  modi- 
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fications  of  this  original  operation  have  been  devised,  but  it  would  be 
beyond  the  scope  of  this  work  to  review  them  in  detail. 


THE   LUNGS. 

Each  lung  has  a  somewhat  rough  resemblance  to  a  half  cone,  the 
apex  of  which  is  above,  lodged  within  the  cervical  dome  of  the  pleura, 
and  the  base  below,  in  contact  with  the  diaphragm.  The  lung  tissue 
is  soft  and  spongy,  and  is  accurately  moulded  during  life  to  the  walls 
of  the  pleural  cavity,  and  its  surface  bears  the  impress  of  the  various 
structures  to  which  it  is  related,  viz.,  the  ribs  and  the  bodies  of  the 
vertebrae,  the  heart  and  large  vessels,  the  oesophagus  and  the  diaphragm. 

The  two  lungs  are  separated  from  each  other  by  the  mediastinum 
or  central  compartment  of  the  thorax,  which  reaches  from  the  sternum 
to  the  spine  forming  a  complete  interpulmonary  septum. 

The  lungs  are  not  quite  symmetrical,  but  differ  from  each  other  to 
some  extent,  the  differences  being  mainly  dependent  upon  the  higher 
level  of  the  diaphragm  on  the  right  than  on  the  left  side,  and  also  upon 
the  decided  projection  of  the  heart  to  the  left  of  the  middle  line.  These 
facts  explain  why  the  right  lung  is  shorter  and  somewhat  broader  than 
the  left.  The  volume  of  the  right  lung  also  is  a  little  greater  than 
that  of  the  left,  and  in  this  way  its  greater  weight  is  explained. 

The  volume  of  the  lungs  is  directly  dependent  upon  the  size  of  the 
thorax.  In  females  the  capacity  of  the  thoracic  cavity  is  sometimes 
very  much  reduced  at  its  lower  part  as  the  result  of' tight  lacing,  and 
this  tends  to  diminish  the  expansion  of  the  lungs.  During  life  the 
volume  of  both  lungs  is  constantly  undergoing  rhythmical  changes. 
Each  lung  expands  and  elongates  slightly  with  inspiration,  it  contracts 
and  shortens  with  expiration.  The  shape  and  volume  presented  by 
the  lungs  hardened  in  situ  in  the  body  correspond  to  the  proportions 
which  they  acquire  after  a  full  expiration. 

Anatomical  Resume. — The  outer  surface  of  each  lung  is  smooth  and  convex  ;  it  is 
accurately  adapted  to  the  chest  wall  and  usually  presents  a  series  of  obliquely  directed  grooves  and 
intervening  ridges  corresponding  to  the  ribs  and  intercostal  spaces.  It  is  traversed  by  a  deep 
fissure  which  pursues  a  very  oblique  direction  from  above  and  behind  downwards  and  forwards. 
It  terminates  inferiorly  in  the  lower  sharp  margin  of  the  lung,  and  at  its  upper  part  curves 
round  the  posterior  border  of  the  lung  about  three  inches  below  its  apex,  and  at  this  level  assumes  a 
horizontal  direction.  It  is  very  deep  throughout,  and  penetrates  inwards  as  far  as  the  hilum.  In 
the  left  lung  it  is  the  only  fissure  present,  and  consequently  this  lung  has  but  two  lobes,  an  upper 
and  a  lower.  It  would  be  better,  however,  to  name  these  anterior  and  posterior  lobes,  as  such  a 
nomenclature  would  more  correctly  indicate  their  positions  relatively  to  the  anterior  and  posterior 
walls  of  the  chest  (fig.  100).  In  the  right  lung  a  second  fissure  usually  exists.  It  commences 
behind  at  the  bottom  of  the  longitudinal  fissure,  and  is  directed  forwards  with  a  horizontal  or 
slightly  ascending  direction  to  the  anterior  sharp  margin  of  the  lung.  In  the  right  lung  there 
are  accordingly  three  lobes,  named  respectively  upper,  middle,  and  lower. 

The  inner  or  mediastinal  surface  of  each  lung  is  irregularly  concave.  The  principal  re- 
lationship which  it  forms  is  that  with  the  heart  and  pericardium,  and  in  both  lungs,  but  especially 
in  the  left,  the  mediastinal  aspect  is  marked  by  a  deep  cardiac  impression.  The  most  important 
part  of  this  surface,  however,  is  that  which  corresponds  to  the  pulmonary  hilum.  When  viewed  in 
a  hardened  lung  removed  from  the  body  this  presents  on  section  an  oval  or  pyriform  outline,  and  its 
lower  extremity  is  continued  into  the  fold  of  pleura  already  described  as  the  ligamentum  latum 
pulmonis.  The  structures  grouped  together  at  the  hilum  collectively  form  the  root  of  the  lung  ; 
they  include  the  bronchus,  the  pulmonary  artery,  and  the  two  pulmonary  veins,  the  bronchial 
arteries  and  veins,  the  pulmonary  lymphatic  vessels  and  bronchial  glands,  the  pulmonary  nerve 
plexuses,  together  with  a  small  amount  of  connective  tissue,  all  being  surrounded  and  held  together 
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by  the  pleura.  The  hilum  is  situated  nearer  the  posterior  than  the  anterior  margin  of  the  lung, 
and  somewhat  nearer  the  apex  than  the  base.  The  level  of  the  two  pulmonary  roots  with  reference 
to  the  surface  of  the  chest  wall  corresponds  approximately  to  the  interval  in  the  interscapular 
region  of  the  chest  wall  opposite  the  fifth,  sixth,  and  seventh  dorsal  spines.  The  inner  surface  of 
the  lung  behind  the  hilum  is  related  to  the  bodies  of  the  vertebrae,  that  of  the  left  lung  is  related 
also  to  the  thoracic  aorta  and  the  oesophagus ;  on  the  right  side  the  corresponding  area  of  the 
lung  is  grooved  by  the  vena  azygos  major  and  by  the  oesophagus  (fig.  106).  Above  the  hilum  of 
the  left  lung  there  is  a  deep  groove  with  a  curved  outline  caused  by  the  arch  of  the  aorta,  and 
ascending  from  it  another  well  marked  groove  for  the  left  subclavian  artery. 

The  posterior  border  of  the  lung  is  thick  and  rounded  ;  it  forms  the  most  bulky  part  of  the 
viscus  and  fills  the  deep  costo-vertebral  recess.  In  a  vertical  direction  it  extends  from  the  neck 
of  the  first  rib  above  to  the  vertebral  extremity  of  the  eleventh  rib  below.  This  part  of  the  lung 
maintains  a  close  relationship  with  the  bodies  of  the  vertebrae,  the  costo-vertebral  joints,  the 
posterior  extremities  of  the  ribs  and  intercostal  spaces,  and  the  sympathetic  nerve.  It  passes, 
without  any  evident  line  of  demarcation,  into  the  outer  and  inner  surfaces  of  the  viscus. 

The  apex  of  the  lung  projects  in  the  form  of  a  blunt  cone  above  the  plane  of  the  thoracic 
inlet  and  fits  accurately  into  the  cervical  dome  of  the  pleura,  and  may  therefore  be  said  to  have 
the  same  relationships  to  the  structures  at  the  root  of  the  neck.  The  subclavian  artery,  as  it 
arches  outwards  over  the  pleura,  leaves  a  deep  indentation  in  the  lung  substance. 

The  lower  or  basal  surface  of  the  lung  is  concave  and  occupies  a  very  oblique  plane,  the 
general  direction  of  which  is  downwards,  forwards,  and  inwards.  It  overlies  the  lateral  part  of 
the  dome  of  the  diaphragm,  and  is  closely  moulded  to  it.  The  basal  surface  of  the  right  lung 
overlies  the  right  lobe  of  the  liver  ;  that  of  the  left  lung  overlies  the  left  lobe  of  the  liver,  the 
fundus  of  the  stomach,  and  the  spleen. 

The  anterior  border  of  each  lung  is  thin  and  sharp.  On  the  right  side  it  inclines  from  its 
commencement,  a  little  below  the  rounded  apex,  downwards  and  inwards  somewhat  obliquely, 
and  then  descends  in  an  almost  straight  line  to  the  antero-inferior  angle  of  the  lung,  where  it  is 
continuous  with  the  lower  border. 

The  anterior  border  of  the  left  lung  presents  at  its  lower  part  a  notch  of  varying  depth — the 
incisura  cardiaca — but  down  to  this  it  resembles  the  anterior  border  of  the  right  lung.  The  lower 
limb  of  the  incisura  meets  the  lower  margin  of  the  lung  at  an  acute  angle,  and  the  included 
portion  of  the  lung  tissue,  which  sometimes  assumes  the  form  of  a  tongue-like  projection,  is  known 
as  the  lingula. 

The  lower  border  of  the  lung  also  is  thin  and  sharp  ;  it  extends  into,  but  fails  to  reach, 
the  lower  limit  of  the  costo-diaphragmatic  pleural  recess.  From  its  commencement  in  front  at  the 
antero-inferior  angle  of  the  lung  it  descends,  at  first  somewhat  obliquely,  as  it  is  followed  around 
the  side  of  the  chest,  and  finally  pursues  a  horizontal  direction  to  meet  the  posterior  border  of  the 
lung  opposite  the  vertebral  extremity  of  the  eleventh  rib  or  the  tenth  dorsal  spine. 

TOPOGRAPHY  OF  THE  LUNGS.— An  accurate  knowledge  of 
the  topography  of  the  lungs  is  essential  as  an  aid  to  the  physical  ex- 
amination of  the  chest  in  cases  of  pulmonary  disease,  and  also  for  the 
purpose  of  guidance  in  certain  operative  measures  in  which  the  pleural 
cavity  or  the  lung  itself  is  involved. 

The  upper  limit  of  the  lung,  viz.,  its  apex,  corresponds  posteriorly 
to  the  level  of  the  spine  of  the  vertebra  prominens.  In  front,  as  already 
mentioned,  owing  to  the  obliquity  of  the  thoracic  inlet,  the  summit  of 
each  lung  rises  into  the  root  of  the  neck  for  a  distance  of  from  half  to  one 
inch  on  an  average  above  the  inner  extremity  of  the  clavicle. 

The  anterior  border  of  the  right  lung,  commencing  a  little  below 
and  in  front  of  its  rounded  summit,  will  be  indicated  by  a  line  directed 
inwards  and  downwards  behind  the  right  sterno-clavicular  articulation  to 
a  point  at  the  lower  border  of  the  manubrium  and  in  the  mid  sternal  line, 
where  it  comes  into  close  relationship  with  its  fellow.  From  this  it 
descends  in  a  more  or  less  vertical  direction,  or  with  a  slightly 
pronounced  inward  convexity,  to  a  point  on  the  surface  corresponding 
to  the  sixth  chondro-sternal  articulation  or  the  sixth  intercostal  space  of 
the  right  side. 

The  lower  border  of  the  right  lung,  commencing  at  the  level  just 
mentioned,  inclines  downwards  and  outwards,  and  in  the  mammary  line 
corresponds  to  the  lower  border  of  the  sixth  rib  (fig.  100) ;  still  descending 
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slightly,  it  reaches  the  level  of  the  lower  border  of  the  eighth  rib  in  the 
axillary  line,  and  that  of  the  tenth  rib  in  the  line  of  the  scapula.  From 
this  its  further  course  will  be  indicated  by  a  horizontal  line  carried  in- 
wards to  the  vertebral  extremity  of  the  eleventh  rib,  or  the  tenth  dorsal 
spine. 

The  lowest  limit  reached  by  the  lung  corresponds  to  a  point  at  the  side 
of  the  chest  a  little  in  front  of  the  scapular  line  in  the  ninth  intercostal 
space. 

The  anterior  border  of  the  left  lung  is  separated  at  first  from  that  of 
the  right  lung  by  an  angular  interval  at  the  back  of  the  manubrium 
sterni.  They  come  together,  however,  at  the  level  of  the  angulus 
sternalis,  and  descend  together  to  the  incisura  cardiaca,  the  commence- 
ment of  which  corresponds  to  the  lower  border  of  the  fourth  left  costal 
cartilage  at  its  junction  with  the  sternum.  From  this  point  the  outline 
of  the  incisura  may  be  indicated  on  the  surface  by  a  line  passing  out- 
wards along  the  lower  border  of  the  fourth  costal  cartilage  as  far  as  the 
left  parasternal  line.  From  this  it  descends  behind  the  fourth  space,  the 
fifth  costal  cartilage,  and  the  fifth  space,  and  then  curves  inwards  slightly 
to  the  level  of  the  sixth  costal  cartilage  at  a  variable  distance  from 
the  sternal  margin. 

The  lower  border  of  the  left  lung,  commencing  at  the  termination  of 
the  incisura,  may  be  indicated  on  the  surface  in  a  manner  similar  to  that 
described  for  the  right  lung ;  by  some  it  is  said  to  reach  a  slightly  lower 
level. 

The  longitudinal  fissure  in  each  lung  will  be  indicated  at  its  upper  or 
vertebral  extremity  by  a  point  on  the  surface  corresponding  to  the  level 
of  the  third  dorsal  spine.  From  this  its  first  or  horizontal  stage  coincides 
with  a  line  passing  outwards  to  the  vertebral  extremity  of  the  spine  of  the 
scapula  as  the  arm  hangs  by  the  side.  The  line  of  the  fissure  now 
descends  obliquely  and  in  diagonal  fashion  across  the  scapula  and  the 
side  of  the  chest,  and  terminates  in  front  at  the  lower  border  of  the  sixth 
rib,  a  little  in  front  of  the  mammary  line. 

The  second  or  horizontal  fissure  in  the  right  lung  begins  at  the  level 
of  the  fourth  rib  in  the  axillary  line,  where  this  is  crossed  by  the  line  of  the 
longitudinal  fissure.  From  this  point  its  direction  will  be  fairly  accurately 
represented  by  a  line  passing  forwards  and  slightly  upwards  about  a 
finger's-breadth  above  the  right  nipple,  to  reach  the  sternum  at  the  level 
of  the  lower  border  of  the  fourth  costal  cartilage. 

The  pulmonary  lymphatics  are  very  numerous  and  possess  very 
great  pathological  interest.  In  addition  to  a  rich  plexus  beneath  the 
pleura,  a  large  number  of  lymphatic  vessels  accompany  the  pulmonary 
vessels  throughout  the  lung  (perivascular  lymphatics) ;  others  associate 
themselves  with  the  bronchi  (peribronchial  lymphatics),  but  communicate 
freely  with  the  perivascular  set.  The  lymph  spaces  in  the  walls  of  the 
alveoli  communicate  with  the  interior  of  these  spaces  by  stomata  between 
the  epithelial  cells.  Solid  particles  are  thus  enabled  to  pass  from 
within  the  alveoli  into  the  lymphatic  spaces,  and  from  these  they  are 
forced  on  by  the  respiratory  movements  of  the  lungs  towards  the 
bronchial  glands  at  the  root  of  the  lung,  to  which  all  the  lymphatics  con- 
verge. The  black  pigment  found  in  the  lungs  of  adults,  and  also  in  the 
bronchial  glands,  is  sometimes  very  large  in  amount,  especially  in  those 
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who  inhabit  large  towns,  and  consists  of  minute  particles  of  carbon,  dust, 
etc.  which  have  been  inspired.  In  coal  miners  the  colour  of  the  lungs 
may  be  almost  black  (anthracosis),  and  the  lungs  of  those  who  work  with 
red  oxide  of  iron  very  often  present  a  red  pigmentation.  Particles  enter- 
ing the  lung  tissue  in  the  manner  just  described  act  as  foreign  bodies, 
and  set  up  chronic  inflammation,  which  leads  to  a  marked  increase 
of  the  pulmonary  interstitial  connective  tissue  and  considerable  shrink- 
ing of  the  lung  (cirrhosis}. 

The  blood-vessels  of  the  lung  are  arranged  in  two  different  sets,  the 
pulmonary  and  the  bronchial.  The  branches  of  the  pulmonary  vessels  in 
each  lung  accompany  the  bronchi  and  remain  in  close  relationship  with 
them  as  far  as  their  finer  ramifications.  The  terminal  branches  of  the 
pulmonary  artery  break  up  into  a  plexus  of  capillary  vessels,  which  are 
arranged  in  the  walls  of  the  alveoli  and  project  into  their  lumen.  It  is 
here  that  the  respiratory  changes  in  the  blood  take  place ;  the  dark 
venous  blood  which  enters  the  lung  by  the  pulmonary  artery  becomes 
arterialised  in  the  pulmonary  capillaries,  and  leaves  the  lung  by  the  pul- 
monary veins  to  distribute  its  oxygen  throughout  the  entire  systemic 
system. 

Pulmonary  embolism. — The  pulmonary  arterioles  are  rather  narrow, 
and  are  very  frequently  obstructed  by  emboli  carried  to  the  lung  from 
some  of  the  systemic  veins  or  from  the  right  side  of  the  heart,  viz.,  the 
right  auricle  or  the  tricuspid  valve.  The  effects  of  this  form  of  embolism 
depend  partly  upon  the  size  of  the  vessel  obstructed  and  partly  upon  the 
nature  of  the  embolus.  If  the  latter  is  of  a  septic  nature,  such,  for  ex- 
ample, as  might  possibly  be  dislodged  and  carried  downwards  from  an 
infective  thrombus  in  the  lateral  sinus,  it  will  almost  certainly  give  rise 
to  an  abscess  (metastatic)  in  the  lung. 

Fat  embolism  has  been  noted  as  an  occasional  complication  of 
fracture  of  one  of  the  long  bones,  in  which  the  medullary  tissue  has  been 
extensively  crushed  and  carried  into  the  circulation  through  the  ruptured 
veins  of  the  part. 

Air  embolism  is  an  accident  especially  to  be  feared  in  operations  at 
the  root  of  the  neck.  In  consequence  of  the  negative  pressure  which 
exists  in  the  large  veins  within  the  thorax,  a  wound  of  one  of  the  main 
veins  of  the  neck  in  its  vicinity,  and  more  particularly  if  the  vein  walls 
are  held  apart,  as  in  making  traction  upon  the  pedicle  of  a  tumour,  or  are 
prevented  coming  together  by  adhesions  to  surrounding  structures,  etc., 
is  liable  to  be  followed  by  the  entrance  of  air  during  inspiration.  The 
air  sucked  in  in  this  way  is  carried  down  to  the  right  side  of  the  heart, 
but  as  the  right  ventricle  is  unable  to  force  it  on  through  the  lungs,  it 
accumulates  in  its  interior  and  is  churned  up  with  the  blood.  It  is  not 
improbable  that  some  of  the  air  is  driven  on  into  the  branches  of  the 
pulmonary  artery  and  acts  as  so  many  emboli  interfering  with  the  pul- 
monary circulation.  Death  from  asphyxia  is  not  uncommonly  the  result 
of  this  condition. 

Emboli  in  the  form  of  small  particles  of  a  malignant  growth  are  some- 
times conveyed  to  the  lungs.  They  are  usually  derived  from  sarcomata 
in  some  remote  district  of  the  body,  as  this  form  of  malignant  tumour 
tends  to  disseminate  itself  through  the  blood  stream,  and  as  the  pulmon- 
ary capillaries  are  the  first  through  which  the  detached  particles  are 
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obliged  to  pass,  it  is  not  difficult  to  understand  why  secondary  sarcoma- 
tous  tumours  are  so  common  in  the  lungs. 

Any  obstruction  to  the  outflow  of  blood  from  the  lungs  by  the  pul- 
monary veins  must  tend  to  cause  great  engorgement  in  the  pulmonary 
capillaries.  This  is  very  commonly  observed  in  cases  of  valvular  disease 
of  the  left  side  of  the  heart  (mitral  or  aortic). 

The  Bronchial  Vessels  are  minute  in  size  when  compared  with  the 
pulmonary.  They  supply  the  walls  of  the  bronchi  down  to  their  termina- 
tion in  the  acini.  There  is  a  more  or  less  free  anastomosis,  however,  be- 
tween the  capillaries  of  the  bronchial  and  those  of  the  pulmonary 
systems. 

THE  SURGERY  OF  THE  LUNGS.  —  Pneumotomy.  —  This 
term  denotes  an  incision  into  the  substance  of  the  lung  made  with  the 
object  of  reaching  a  cavity  in  its  interior.  It  is  mainly  indicated  in  cases 
of  pulmonary  abscess,  such,  for  example,  as  sometimes  occurs  as  a  sequela 
of  pneumonia  or  as  the  result  of  the  lodgement  of  a  foreign  body  in  one 
of  the  bronchi.  It  would  also  be  required  should  an  abscess  of  the  liver 
make  its  way  through  the  diaphragm  into  the  lung,  the  pleural  cavity 
having  been  previously  shut  off  by  adhesions.  One  of  the  principal 
dangers  attending  the  operation  is  haemorrhage,  which  may  be  very  free, 
and  necessitate  careful  plugging  of  the  wound.  The  fear  of  its  occurrence 
has  led  some  operators  to  employ  the  actual  cautery  for  penetrating  into 
the  lung  tissue.  The  steps  of  the  procedure  are  much  facilitated  if 
adhesions  have  formed  between  the  visceral  and  parietal  layers  of  the 
pleura,  otherwise  a  pneumothorax  will  result  on  opening  the  pleural 
cavity,  and  the  latter,  in  addition,  will  be  subjected  to  the  risk  of  septic 
infection.  A  precaution  sometimes  taken  is  to  suture  the  lung  to  the 
chest  wall  before  incising  it,  or  instead  of  doing  this  one  may  wait  for 
adhesions  to  form  after  the  pleura  has  been  exposed. 

The  difficulty  of  localising  an  abscess  in  the  lung  is  usually  very 
great  ;  the  presence  of  pus  is  most  readily  determined,  however,  by 
puncture  of  the  lung  with  an  exploring  needle. 

Pneumonectomy,  or  the  excision  of  a  portion  of  the  lung,  has  been 
performed  for  tumours  and  certain  other  morbid  conditions  affecting 
the  viscus.  The  most  suitable  cases  for  the  operation  appear  to  be 
those  in  which  a  superficial  area  of  the  lung  of  limited  extent  has  been 
invaded  by  malignant  disease  (sarcoma)  originating  primarily  in  the  chest 
wall.  It  has  been  recommended  and  performed  successfully  also  in  some 
cases  of  tuberculosis,  but  the  results  so  far  do  not  seem  sufficiently  en- 
couraging to  place  it  upon  a  firm  footing  in  the  treatment  of  this  disease. 

It  will  be  obvious  from  what  has  been  stated  that  the  surgery  of  the 
lung  is  beset  with  many  and  great  difficulties.  To  reach  the  part  towards 
which  the  aim  of  the  operation  is  directed,  one  must,  in  the  absence  of 
adhesions,  pass  across  a  large  serous  cavity,  a  step  which,  in  addition  to 
incurring  the  risk  of  septic  infection,  favours  the  development  of 
pneumothorax  owing  to  the  peculiar  physical  conditions  which  exist 
within  the  pleural  cavity.  The  great  vascularity  of  the  lung  is  another 
element  of  danger,  as  it  is  quite  impossible  to  determine  the  course  of  the 
larger  vessels  with  such  a  degree  of  accuracy  that  they  may  be  avoided 
when  incisions  are  made  into  the  lung  tissue.  The  frequent  dissemi- 
nation or  multiplicity  of  pulmonary  abscesses  depending  upon  the  free 
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branching  of  the  bronchi  is  another  circumstance  which  greatly  intensifies 
the  difficulty  in  treating  suppurative  disease  of  the  lung  by  surgical 
measures. 

It  is  doubtful  if  much  can  be  expected  from  pneumonectomy  in  cases 
of  malignant  disease,  owing  to  the  difficulties  which  attend  accurate 
diagnosis  in  the  early  stages.  Within  recent  times,  however,  the 
undoubted  value  of  the  X-rays  as  a  diagnostic  aid  has  been  amply 
proved  in  certain  forms  of  intrathoracic  disease,  and  it  does  not  seem 
improbable  that  they  may  help  to  enlarge  the  scope  of  pulmonary 
surgery  in  the  near  future. 

THE  MEDIASTINUM. 

The  Mediastinum,  or  central  compartment  of  the  thoracic  cavity, 
extends  from  the  posterior  aspect  of  the  sternum  to  the  spine,  and  is 
bounded  laterally  by  the  pleural  sacs  ;  it  is  not  accurately  median, 
however,  but  inclines  somewhat  to  the  left  side.  The  mediastinum  has 
been  arbitrarily  subdivided  into  four  parts,  named  respectively  anterior, 
superior,  middle,  and  posterior.  It  is  desirable,  however,  from  the  applied 
standpoint,  to  consider  the  region  in  its  entirety,  more  especially  as  the 
various  subdivisions  just  named  pass  uninterruptedly  the  one  into  the 
other  without  any  sharp  line  of  demarcation.  The  contained  stuctures, 
with  the  exception  of  the  heart,  are  enveloped  in  loose  tissue,  which  gives 
them  a  considerable  range  of  mobility,  so  essential  for  the  performance 
of  their  various  functions,  viz.,  the  expansion  and  contraction  of  the  large 
vessels,  etc.  The  mediastinum  is  bounded  below  by  the  diaphragm  and 
securely  shut  off  from  the  abdominal  cavity,  with  the  exception  of  a 
narrow  interval  in  front,  between  the  sternal  and  costal  attachments  of 
the  diaphragm,  which  is  occupied  by  loose  connective  tissue,  and  of  the 
aortic  opening  behind,  through  which  pass,  in  addition  to  the  aorta,  the 
vena  azygos  major  and  the  thoracic  duct  with  a  downward  extension  of 
the  mediastinal  connective  tissue.  At  the  thoracic  inlet  the  mediastinal 
structures  pass  without  interruption  upwards  into  the  root  of  the 
neck,  and  vice  versd.  In  the  description  of  the  deep  cervical  fascia  it  was 
stated  that  its  pretracheal  layer  extended  into  the  thorax,  and  acquired 
connections  with  the  fibrous  pericardium  (cervico-pericardiac  fascia). 
This  anatomical  fact  serves  to  explain  why  the  larynx  descends  slightly 
with  each  inspiration  synchronously  with  the  contraction  of  the  diaphragm, 
to  which  the  pericardium  is  closely  attached. 

Mediastinitis. — Abscess  may  develop  primarily  within  the  mediastinal 
cellular  tissue,  or  extend  to  it  from  neighbouring  regions.  A  primary 
abscess  in  this  locality  has  its  origin  very  frequently  in  one  of  the 
mediastinal  or  peribronchial  glands,  and  is  usually  of  the  chronic  variety. 
It  may  proceed  also  from  caries  of  the  dorsal  spine.  Abscesses  which 
involve  the  mediastinum  secondarily  have  their  origin  most  commonly 
in  the  neck ;  thus  a  retro-pharyngeal  abscess  may  gravitate  downwards 
behind  the  oesophagus  and  traverse  the  entire  extent  of  the  posterior 
mediastinum.  Extensive  collections  of  pus  in  the  mediastinum  are  very 
apt  to  occasion  dangerous  pressure  symptoms,  viz.,  dyspnoea,  from  narrow- 
ing of  the  trachea  or  bronchi,  and  dysphagia  from  narrowing  of  the 
oesophagus. 
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Mediastinal  Tumours. — Excluding  abscess  and  aneurysm,  the  most 
common  mediastinal  tumour  is  probably  a  sarcoma.  It  may  have  its 
origin  in  the  connective  tissue  of  the  space,  in  a  lymphatic  gland,  in  the 
periosteum  of  the  sternum,  or  of  the  vertebrae.  According  to  its  site,  the 
symptoms  to  which  it  gives  rise  will  present  considerable  variability. 
If  it  originate  in  the  anterior  part  of  the  space,  it  tends  to  erode  the 
sternum  and  the  ribs,  and  ultimately  to  perforate  the  chest  wall.  When 
situated  more  deeply  it  will  inevitably  exercise  an  increasing  amount  of 
compression  upon  the  larger  vessels.  The  superior  vena  cava  and 
innominate  veins  may  be  obliterated  to  such  an  extent  that  the  large 
veins  of  the  face,  neck,  and  upper  limbs  become  enormously  swollen ; 
these  parts  also  are  very  apt  to  assume  a  puffy  oedematous  condition. 
The  superficial  veins  of  the  thorax  and  abdomen  are  greatly  dilated,  and 
the  principal  part  of  the  current  is  diverted  along  these  to  the  superficial 
and  deep  epigastric  veins. 

Compression  of  the  trachea,  bronchi,  and  oesophagus,  as  mentioned 
above  in  connection  with  abscess,  will  also,  in  the  case  of  a  rapidly 
growing  sarcoma,  occasion  dyspnoea  and  dysphagia  of  an  intense  degree. 

THE  HEART. — The  heart,  enclosed  within  its  pericardial  sac, 
occupies  the  greater  part  of  the  mediastinal  space,  and  rests  below  upon 
the  central  area  of  the  diaphragm,  which  is  sometimes  referred  to  as  the 
' bed  of  the  heart'  At  its  upper  and  back  part  it  is  connected  and  held 
securely  in  position  by  the  large  vessels  which  enter  and  leave  its  various 
chambers,  viz.,  the  aorta,  pulmonary  artery,  and  superior  vena  cava,  which 
are  situated  above,  the  four  pulmonary  veins  behind,  and  the  inferior 
vena  cava  below.  In  the  remainder  of  its  extent  'the  heart  lies  free 
within  the  pericardium,  and  is  capable  of  undergoing  a  certain  range  of 
movement  either  vertically  or  from  side  to  side.  The  degree  of  move- 
ment possible  is  judged  by  the  altered  position  of  the  heart's  apex,  brought 
about  by  the  change  of  position  of  the  patient  or  by  various  pathological 
states,  viz.,  pericardial  or  pleural  effusions,  etc.,  and  in  the  execution  of 
these  movements  the  heart  hinges,  as  it  were,  upon  its  vascular  connec- 
tions just  mentioned. 

On  each  side  the  heart  is  related  to  the  lungs.  These,  as  already 
pointed  out,  are  deeply  excavated  on  their  inner  or  mediastinal  aspects, 
which  are  moulded  to  the  heart,  the  pleura,  the  pericardium,  and  the 
phrenic  nerves  of  course  intervening. 

In  front  also,  the  heart  is  related  to  the  lungs,  which  tend  to  overlap 
it,  but  fail  to  do  so  completely  in  consequence  of  the  deficiency  in  the 
anterior  margin  of  the  left  lung,  described  above  as  the  incisura  cardiaca. 
In  addition  to  the  lungs  and  pleural  sacs,  this  aspect  of  the  heart  is  also 
related  to  the  triangularis  sterni  muscles,  the  internal  mammary  arteries, 
the  middle  portion  or  body  of  the  sternum,  and  the  costal  cartilages 
between  the  second  and  the  seventh,  with  the  intervening  internal  inter- 
costal muscles. 

When  examined  after  death,  the  shape  of  the  heart  is  found  to  be 
somewhat  conical,  but  during  life  its  configuration  is  constantly  chang- 
ing in  consequence  of  the  alternate  filling  and  emptying  of  the  auricles 
and  ventricles.  Its  long  axis,  which  is  approximately  horizontal,  is 
directed  obliquely  from  above  and  behind  downwards,  forwards,  and  to 
the  left.  From  this  it  would  appear  as  if  the  heart  in  man  had  under- 
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gone  a  certain  degree  of  twisting  around  a  vertical  axis,  as  the  result  of 
which  its  right  side  comes  to  occupy  an  anterior  position  and  its  left 
to  be  directed  posteriorly  (fig.  103).  When  examined  in  the  body  after 
death,  a  procedure  which  is  much  facilitated  if  the  tissues  have  been 
previously  hardened  by  means  of  intravascular  injections  of  formalin 
solution,  the  heart  presents  an  outline  which  is  roughly  pyramidal.  It 
has  three  well  defined  surfaces,  viz.,  an  anterior  or  costo-sternal,  an 
inferior  or  diaphragmatic,  and  a  posterior  or  basal  ;  these  are  separated 


Superior  Vena  Cava. 


Ascending  Portion  of  the  Aorta. 


Left  Auricular  Appendix. 


Right  Auricle 


Left  Ventricle. 

Anterior  Interventricular  Groove. 
Infundibulum  of  the  Right  Ventricle  (Conus  Arteriosus). 


FIG.  103. — The  heart  in  its  relationships  to  the  front  wall  of  the  chest — formalin  preparation. 

from  each  other  by  well  defined  borders,  viz.,  the  right  or  auricular 
border,  the  antero-inferior  border  or  margo  acutus,  which  is  formed  almost 
entirely  by  the  right  ventricle,  the  left  border  or  margo  obtusus  which  is 
formed  by  the  left  ventricle — it  meets  the  margo  acutus  at  the  apex — 
and  the  posterior  border  which  is  interposed  between  the  diaphragmatic 
and  the  posterior  or  basal  surfaces. 

The  anterior  surface  of  the  Heart  (fig.  103)  looks  upwards,  for- 
wards, and  to  the  left,  and  is  convex  in  shape.  It  is  bounded  below  by 
the  margo  acutus,  to  the  left  by  the  margo  obtusus,  and  to  the  right  by 
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the  auricular  border.  This  is  the  surface  which  is  exposed  when  the 
pericardium  is  opened,  and  it  presents  the  following  parts  for  examina- 
tion, i.  The  greater  portion  of  the  right  auricle,  which  is  usually  very 
much  distended  with  blood.  The  right  auricular  appendix,  which  corre- 
sponds to  its  highest  point,  is  closely  applied  against  the  right  side  of 
the  aorta  at  its  root.  2.  The  tip  of  the  left  auricular  appendix  is  the 
only  part  of  this  chamber  seen  from  the  front ;  it  is  closely  applied 
against  the  root  of  the  pulmonary  artery.  The  two  auricles  are  in  reality 


Crista  Terminalis. 


Musculi  Pectinati  in  the  Right  Aur.  Appendix. 

Sigmoid  Valves  of  the  Pulmonary  Art. 


Orifice  of  the  Superior  Vena  Cava. 


Left  Ventricle. 


Tricuspid  Valve. 


FlG.  104. — Dissection  of  the  right  chambers  of  the  heart,  showing  the  relationships  of  the 
tricuspid  and  pulmonary  orifices  to  the  front  of  the  chest. 

lapped  around  the  aorta  and  pulmonary  artery  in  crescentic  fashion  ; 
they  meet  behind  along  the  line  of  the  inter-auricular  furrow,  but  are 
separated  by  an  interval  in  front.  3.  The  greater  part  of  the  wall  of  the 
right  ventricle.  The  portion  of  this  chamber  which  is  exposed  is  limited 
below  by  the  margo  acutus,  to  the  right  by  the  auriculo-ventricular  groove, 
and  to  the  left  by  the  anterior  interventricular  furrow,  within  which  are 
contained,  in  addition  to  a  variable  amount  of  fat,  a  branch  of  the  left 
coronary  artery  and  the  great  cardiac  vein.  The  projection  made  by  the 
ventricle  just  below  the  root  of  the  pulmonary  artery  is  known  as  the 
conus  arteriosus  (fig.  103).  4.  A  small  part  of  the  wall  of  the  left  ven- 
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tricle,  viz.,  that  portion  which  corresponds  to  the  left  border  or  margo 
obtusus  and  the  apex  of  the  heart. 

The  remaining  structures  which  are  seen  within  the  pericardium  from 
the  front  are  the  first  or  ascending  portion  of  the  aorta,  with  the  pulmon- 
ary artery  lying  in  front  of  it  below,  but  gradually  inclining  to  its  left 
side  as  it  ascends,  and  a  small  portion  of  the  superior  vena  cava  to  the 
right  of  the  aorta  (fig.  103). 

The  lower  or  diaphragmatic  surface  of  the  Heart  is  flattened  and 
looks  almost  directly  downwards;  its  general  inclination,  however,  is 
downwards,  forwards,  and  to  the  left.  Its  outline  is  triangular,  and  it  is 
made  up  principally  by  the  wall  of  the  left  ventricle,  together  with  a 
small  portion  of  the  right  ventricle  and  the  lower  extremity  of  the  right 
auricle.  In  the  greater  part  of  its  extent  it  overlies  the  left  lobe  of  the 
liver,  but  in  front  of  this  it  also  comes  into  relationship,  in  the  neighbour- 
hood of  the  apex,  with  the  upper  wall  of  the  stomach,  the  diaphragm  and 
the  basal  portion  of  the  pericardium  intervening. 

The  posterior  or  basal  surface  of  the  Heart  is  constituted  by  the 
two  auricles,  but  principally  by  the  left.  It  looks  almost  directly  back- 
wards, and  in  a  heart  removed  from  the  body  it  presents  the  rounded 
orifices  of  the  four  pulmonary  veins  and  of  the  venae  cavae.  Its  principal 
relationships  are  the  cesophagus,  the  two  bronchi,  and  the  descending 
aorta  (fig.  106).  The  vertical  extent  of  this  surface  corresponds  to  the 
interval  included  between  the  fifth,  sixth,  seventh,  and  eighth  dorsal 
spines. 

The  projection  of  the  anterior  surface  of  the  Heart  upon  the 
front  of  the  chest  wall  may  be  indicated  by  certain  lines  as  follows : — 
i.  The  lower  or  antero-inferior  border  of  the  heart  (margo  acutus)  corre- 
sponds to  a  line  directed  obliquely  downwards  from  right  to  left,  crossing 
behind  the  sternum,  a  little  above  the  base  of  the  ensiform  cartilage.  At 
its  right  extremity  this  line  is  situated  over  the  sixth  costal  cartilage 
about  three-quarters  of  an  inch  from  the  right  sternal  margin.  Its  left 
extremity,  which  overlies  the  apex  of  the  heart,  is  in  the  fifth  intercostal 
space,  about  three  and  a  half  inches  from  the  mid-sternal  line.  2.  The 
upper  limiting  line  of  the  heart  will  be  indicated  by  a  line  drawn  across 
the  sternum  immediately  above  the  upper  borders  of  the  third  costal 
cartilages.  This  line  exceeds  the  sternal  margin  for  about  half  an  inch  on 
the  right  side  and  for  about  an  inch  on  the  left.  3.  The  right  or  auricular 
border  of  the  heart  describes  a  curve  with  a  gentle  convexity  directed 
outwards,  the  summit  of  the  curve  lying  beneath  the  fourth  costal  car- 
tilage, about  one  and  a  half  inches  from  the  mid-sternal  line.  Starting 
from  the  right  extremity  of  the  basal  line  below,  it  will  be  indicated  by  a 
line  passing  upwards  behind  the  costal  cartilages  and  intervening  spaces 
to  the  upper  border  of  the  third  right  costal  cartilage  half  an  inch  from 
the  sternum.  4.  The  left  border  of  the  heart  (margo  obtusus}  is  also  convex 
outwards.  It  will  be  represented  by  a  curved  line  commencing  at  the 
left  extremity  of  the  basal  line  below,  viz.,  at  the  apex,  and  passing  up- 
wards and  inwards  behind  the  costal  cartilages  and  intervening  spaces  to 
the  upper  border  of  the  third  left  costal  cartilage  about  one  inch  from  the 
sternum. 

The  superficial  portion  of  the  surface  of  the  Heart,  i.e.  that  portion 
which  is  uncovered  by  the  left  lung,  corresponds  to  a  small  triangular 
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area  on  its  anterior  wall  close  to  the  apex.  It  is  limited  on  the  right 
side  by  the  anterior  sharp  margin  of  the  right  lung,  below  by  the 
antero-inferior  margin  of  the  heart,  and  on  the  left  side  by  the  margin 
of  the  incisura  in  the  left  lung.  This  portion  of  the  heart,  which  belongs 
almost  entirely  to  the  right  ventricle,  lies  behind  the  fifth  intercostal 
space  on  the  left  side,  and  it  is  here  that  the  cardiac  impulse  is  seen  and 
felt.  It  is  usually  alluded  to  as  the  superficial  cardiac  area,  and  may  be 
mapped  out  on  the  surface  as  follows :  Draw  a  vertical  line  along  the 

Orifice  of  the  Superior  Vena  Cava.    ,-.         r\     \- 
r  ossa  Ovalis. 

Sigmoid  Valves  of  the  Aorta. 


Orifice  of  the  Inferior  Vena  Cava. 


Orifice  of  the  Coronary  Sinus. 


FIG.  105. — Dissection  of  the  heart  in  situ,  showing  the  relationships  of  the  mitral and  aortic 
orifices  to  the  front  of  the  chest. 

middle  of  the  sternum  from  the  level  of  the  lower  border  of  the  fourth 
costal  cartilage  to  the  junction  of  the  body  of  the  sternum  with  the 
xiphoid  cartilage.  From  the  upper  and  lower  extremities  of  this  line 
draw  two  others  outwards  to  the  point  in  the  fifth  intercostal  space,  which 
denotes  the  level  of  the  cardiac  apex.  The  triangle  enclosed  by  these 
lines  will  represent  the  superficial  cardiac  area. 

The  Topography  of  the  Valves  of  the  Heart. — Were  the  heart  sus- 
pended vertically  within  the  thoracic  cavity,  the  topography  of  its 
valvular  orifices  would  be  comparatively  simple,  as  they  would  occupy 
approximately  the  same  horizontal  plane.  Owing,  however,  to  the  very 
marked  obliquity  in  the  long  axis  of  the  heart,  viz.,  downwards,  forwards, 
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and  to  the  left,  its  valves  are  set  very  obliquely  as  regards  the  surface  of 
the  chest. 

The  Pulmonary  Orifice  (fig.  104)  occupies  the  most  anterior  position 
and  lies  at  a  higher  level  than  the  others.  It  is  situated  opposite  the 
upper  border  of  the  sternal  extremity  of  the  third  left  costal  cartilage  and 
the  adjoining  part  of  the  body  of  the  sternum. 

The  Aortic  Orifice  (fig.  105)  will  be  indicated  by  a  line  crossing  the 
left  half  of  the  sternum  at  the  level  of  the  lower  border  of  the  third  left 
costal  cartilage.  It  lies  below  and  almost  parallel  to  the  line  which 
indicates  the  pulmonary  orifice. 

The  Tricuspid  Orifice  (right  auricula-ventricular),  fig.  104,  occupies 
a  very  oblique  plane,  the  direction  of  which  corresponds  approximately 
to  a  line  extending  from  the  middle  of  the  sternum  at  the  level  of  the 
fourth  chondro-sternal  articulations  downwards  and  to  the  right,  to  the 
level  of  the  sixth  chondro-sternal  articulation. 

The  Mitral  Orifice  (left  auriculo-ventricular),  fig.  105,  is  the  most 
deeply  seated  of  the  series.  The  plane  which  it  occupies  coincides  with 
the  continuation  upwards  and  to  the  left  of  the  tricuspid  line,  viz.,  from 
the  middle  of  the  sternum  at  the  level  of  the  fourth  chondro-sternal 
articulations  to  the  lower  border  of  the  third  left  costal  cartilage,  about 
half  an  inch  from  the  sternum. 

The  exact  localisation  of  the  relative  positions  of  the  cardiac  orifices 
is  of  but  little  help  in  the  diagnosis  of  valvular  disease.  The  murmurs  or 
bruits  heard  over  the  cardiac  region  on  auscultation  are  not  by  any  means 
most  distinct  at  the  points  which  exactly  overlie  the  diseased  valves, 
but  usually  at  some  distance  from  these.  This  is  explained  by  the  fact 
that  the  sound  vibrations  which  are  set  up  at  the  site  of  the  valvular 
lesion  are  transmitted  in  the  direction  in  which  the  blood  stream  is 
travelling ;  thus,  an  aortic  bruit  is  heard  best  in  the  second  right  inter- 
costal space  close  to  the  sternum,  and  also  in  the  course  of  the  large 
vessels  at  the  root  of  the  neck  ;  a  bruit  at  the  pulmonary  orifice  is  most 
distinct  in  the  second  left  intercostal  space.  Disease  of  the  mitral  valve 
(endocarditis)  is  usually  revealed  by  a  bruit  which  is  heard  most  distinctly 
at  the  level  of  the  apex  beat,  and  one  produced  at  the  tricuspid  valve 
over  the  lower  part  of  the  sternum  at  its  junction  with  the  xiphoid 
cartilage. 

Displacements  of  the  Heart. — Slight  deviations  from  the  normal 
position  of  the  heart  are  constantly  taking  place  throughout  life.  They 
are  effected  mainly  by  the  inspiratory  descent  of  the  diaphragm,  which 
is  accompanied  by  a  slight  descent  of  the  heart,  and  by  the  attitude  of 
the  body.  As  regards  the  latter,  it  is  well  known  that  the  cardiac 
impulse  becomes  more  forcible  and  more  evident  as  the  body  is  inclined 
from  the  recumbent  position  forwards  and  to  the  left  side,  in  which 
attitude  the  heart  comes  into  more  immediate  contact  with  the  chest  wall. 
Excluding  these  slight  deviations,  others  are  occasionally  noted  which 
depend  upon  a  variety  of  circumstances,  but  broadly  speaking 
they  may  be  classified  under  two  main  headings  —  congenital  and 
pathological. 

Congenital  displacements  of  the  Heart  (ectopia  cordis)  are  extremely 
rare.  Perhaps  the  most  aggravated  form  is  that  which  is  associated 
with  defective  sternal  development  (fissura  sterni  congenita),  in  which 
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the  interval  normally  occupied  by  the  sternum  is  filled  by  membrane 
beneath  which  the  heart  is  placed  or  the  latter  may  project  forwards 
beyond  the  general  surface  of  the  body,  and  under  such  circumstances 
it  is  not  infrequently  associated  with  an  extensive  protrusion  of  the 
abdominal  viscera  (see  Congenital  Umbilical  Hernia).  In  some  cases  the 
heart  has  been  observed  to  occupy  an  abnormally  high  level  reaching 
up  to  the  root  of  the  neck.  Another  form  of  ectopia  cordis  is  that  which 
accompanies  a  general  transposition  of  the  abdominal  viscera,  in  which 
the  liver  lies  at  the  left  side,  the  spleen  at  the  right,  etc.  The  position 
of  the  heart  in  these  cases  is  reversed,  and  the  greater  part  of  its  mass 
lies  to  the  right  of  the  middle  line. 

Pathological  displacements  of  the  Heart  are  of  comparatively 
frequent  occurrence.  The  altered  position  may  be  brought  about  in  two 
ways,  either  by  the  heart  moving  upon  its  vascular  attachments  as  upon 
a  hinge,  as  the  result  of  wliich  its  apical  portion  is  tilted  in  different 
directions,  viz.,  upwards,  downwards,  or  from  side  to  side ;  these  move- 
ments, however,  are  to  a  large  extent  prevented  by  the  filling  and 
emptying  of  the  cardiac  chambers ;  or  the  entire  heart,  together  with 
the  other  mediastinal  structures,  may  undergo  displacement.  Most 
frequently  this  is  from  side  to  side,  but  it  may  take  place  in  the  vertical 
direction.  The  altered  position  of  the  heart  is  usually  ascertained  by 
noting  its  outline  as  revealed  by  percussion  (area  of  cardiac  dulness) 
and  the  altered  level  of  the  apex  beat. 

Pathological  changes  affecting  the  heart  itself,  viz.,  hypertrophy  and 
dilatation,  tend  to  modify  its  position  and  relationships  in  certain  im- 
portant particulars.  When  the  enlargement  is  of  a  general  character, 
owing  to  the  marked  projection  of  the  heart  to  the  left  side,  the  apex 
beat  moves  outwards  and  is  found  also  below  its  normal  level,  viz.,  in  the 
seventh  or  eighth  space  in  the  axillary  line.  When  the  left  ventricle  is 
the  part  mainly  hypertrophied,  the  apex  beat  will  also  be  found  further 
outwards  and  lower  down  than  normally,  while  if  the  hypertrophy  is  for 
the  most  part  confined  to  the  right  ventricle,  the  area  of  cardiac  pulsation 
is  well  marked  at  the  left  of  the  lower  extremity  of  the  sternum  and 
in  the  epigastrium  (subcostal  angle). 

The  most  marked  displacements  of  the  heart,  however,  are  associated 
with  disease  involving  the  lungs  and  pleural  cavities  and  take  place 
usually  in  a  lateral  direction,  viz.,  to  the  right  (dextro-cardia)  or  to  the 
left  (sinistro-cardia)  of  the  mesial  plane.  Lateral  displacement  of  varying 
degree  is  a  common  result  of  pleural  effusion  ;  it  may  be  very  marked 
also  with  pneumothorax.  Of  the  diseases  of  the  lungs  which  affect  the 
position  of  the  heart,  cirrhosis  is  perhaps  the  most  effective.  As  the 
lung  shrinks  and  undergoes  solidification  in  the  course  of  this  disease, 
the  heart,  in  common  with  the  other  mediastinal  structures,  inclines  in 
its  direction.  With  emphysema  of  the  lungs  the  diaphragm  is  depressed, 
and  the  heart  in  consequence  occupies  an  abnormally  low  level.  Its 
position  again  is  sometimes  altered  through  agencies  acting  from  within 
the  abdomen  which  cause  the  diaphragm  to  attain  an  abnormally  high 
level,  such  as  excessive  gaseous  distension  of  the  stomach  and  intestines, 
ascites,  large  ovarian  cysts,  etc.  Upward  displacement  of  the  heart  so 
effected  is  sometimes  very  considerable,  and  the  apex  beat  may  be  found 
as  high  as  the  third  intercostal  space. 
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THE  PERICARDIUM. — The  Pericardium  consists  of  a  fibro-serous  sac,  within  which 
the  heart  and  its  large  vessels,  for  a  limited  part  of  their  extent,  are  contained.  In  reality  the 
heart  and  large  vessels,  so  far  as  they  are  seen  within  the  sac,  are  invested  by  the  serous  layer  of 
the  membrane  (epicardium),  much  in  the  same  way  that  the  liver  is  invested  by  the  peritoneum 
which  is  reflected  over  it  from  the  abdominal  parietes. 

The  sac  formed  by  the  pericardium  is  somewhat  conical  in  shape  (fig.  60).  Its  broad  end,, 
which  is  directed  downwards,  rests  in  contact  with  the  diaphragm,  the  connection  between  the  two 
being  partly  through  the  medium  of  loose  tissue  and  partly  through  tendinous  fibres.  This 
basal  portion  of  the  sac  occupies  an  oblique  plane  which  slopes  from  behind  downwards, 
forwards,  and  to  the  left.  The  line  of  attachment  of  the  pericardium  to  the  diaphragm  in 
front  is  situated  at  a  lower  level  than  the  corresponding  margin  of  the  heart  ;  it  crosses 
obliquely  behind  the  sternum,  a  little  below  the  base  of  the  xiphoid  cartilage.  This  portion 
of  the  sac  has  the  same  indirect  abdominal  relationships  as  the  lower  or  diaphragmatic  surface 
of  the  heart,  viz.,  the  left  lobe  of  the  liver,  and  in  front  of  this  a  small  portion  of  the  upper 
wall  of  the  stomach.  The  narrow  extremity  of  the  sac  reaches  its  highest  limit  at  the  point 
where  the  ascending  stage  of  the  aorta  becomes  continuous  with  the  arch,  and  which 
corresponds,  approximately,  with  the  centre  of  the  manubrium  sterni.  When  followed  upwards 
the  outer  or  fibrous  layer  of  the  sac  passes  insensibly  into  the  outer  coats  of  the  large  vessels  (tunica 
adventitia),  and  establishes  connections  also  with  the  pretracheal  layer  of  the  deep  cervical  fascia 
(cervico-pericardiac  fascia).  On  each  side  the  pericardium  is  related  to  the  mediastinal  pleura,  the 
phrenic  nerve  and  some  fatty  tissue.  The  lungs,  as  already  mentioned,  are  closely  applied 
against  its  lateral  and  anterior  aspects.  A  small  area  of  the  pericardium,  however,  but  somewhat 
variable  in  its  extent,  comes  into  direct  relationship  normally  with  the  chest  wall  to  the  left  of  the 
middle  line,  without  the  intervention  of  the  lung  or  of  the  pleural  sac.  It  lies  within  the  trian- 
gular area  referred  to  above  as  the  superficial  cardiac  region,  and  is  situated  behind  the  anterior 
extremities  of  the  fifth  and  sixth  intercostal  spaces,  sometimes  the  sixth  only,  and  the  triangularis 
sterni  muscle  (fig.  98).  The  lower  extremity  of  the  thymus  gland  also  rests  in  contact  with  the 
front  and  upper  part  of  the  pericardium  ;  this  relationship  is  well  seen  in  the  child  and  occasion- 
ally in  the  adult  (fig.  60).  By  its  posterior  aspect  the  pericardium  is  related  to  important 
mediastinal  structures,  viz.,  the  oesophagus  and  vagi  nerves,  the  thoracic  aorta,  the  thoracic  duct, 
and  the  bifurcation  of  the  trachea  (fig.  106). 

When  the  sac  is  opened  it  will  be  seen  that  its  serous  layer,  in  addition  to  investing  the  heart, 
surrounds  the  aorta  and  pulmonary  artery  in  a  single  tubular  sheath.  The  remaining  vessels  which 
enter  and  leave  the  heart  receive  but  a  limited  investment  from  the  serous  layer  ;  they  are  covered 
in  front  and  at  the  sides,  but  behind  they  rest  directly  in  contact  with  the  fibrous  layer.  The 
inferior  vena  cava  has  a  very  limited  investment,  as  its  intrapericardial  stage  is  almost  nil. 

Certain  recesses  are  found  within  the  sac ;  the  principal  of  these  is  in  front,  between  the 
attachment  of  the  pericardium  to  the  diaphragm  and  the  lower  margin  of  the  heart,  and  is  to  be 
regarded  as  a  reserve  space.  Another  recess  is  situated  between  the  four  pulmonary  veins  at  the 
back  of  the  left  auricle.  The  slit-like  passage  which  intervenes  between  the  pulmonary  artery 
and  aorta  in  front,  and  the  superior  vena  cava  with  the  auricular  segment  of  the  heart  behind,  has 
been  termed  by  His  the  sinus  tran sversus  pericardii.  A  small  amount  of  fluid  (liquor  pericardif) 
normally  occupies  the  sac  ;  it  serves  to  moisten  the  opposed  visceral  and  parietal  surfaces  of  the 
membrane,  and  it  fills  up  the  various  interstices. 

Pericardial  effusions  are  usually  classified  into  three  distinct  types, 
serous  or  sero-fibrinous,  purulent,  and  haemorrhagic,  and  as  they  may  all 
require  treatment  of  a  surgical  nature  directed  towards  their  removal,  it 
is  important  that  the  reader  should  be  acquainted  with  the  various 
anatomical  points  which  bear  upon  the  surgery  of  this  important 
region. 

As  the  capacity  of  the  pericardial  sac  is  considerably  greater  than 
the  volume  of  the  heart  and  the  contained  blood-vessels,  a  considerable 
quantity  of  fluid  may  collect  in  its  interior  without  causing  any  untoward 
symptoms,  and  if  the  effusion  take  place  slowly  the  walls  of  the  sac 
gradually  stretch  and  the  fluid  contents  may  increase  to  an  enormous 
extent — two  pints  or  even  more — without  causing  alarming  symptoms. 
When  the  effusion  collects  rapidly,  however,  it  may  quickly  lead  to  a 
fatal  issue,  owing  to  the  pressure  which  it  exerts  upon  the  heart,  but 
especially  upon  the  auricles  within  which  the  blood  pressure  is  low. 

As  the  sac  of  the  pericardium  becomes  distended  its  relationships 
undergo  certain  important  alterations  which  are  deserving  of  notice. 
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(1)  It  comes  into  fuller  relationship  with  the  chest  wall.    As  this  takes 
place  the  anterior  margins  of  the  lungs  recede,  and  according  to  some 
observers  the  lines  of  pleural  reflexion  (costo-mediastinal)  deviate  out- 
wards also,  so  that  an  abnormally  wide  area  of  the  pericardium  comes 
into  immediate  contact  with  the  anterior  chest  wall  without  the  inter- 
vention of  the  pleural  sacs  (Voi'nitch  Sianojentzky).     This,  however,  is 
denied  by  others  (Delorme  and  Mignon),  who   state  that  as  the  lungs 
recede,  the  costal  and  mediastinal  layers  of  the  pleura  come  into  contact 
and  remain  in  close  apposition  with  each  other.     From  these  conflicting 
statements  it  would  appear  that  although  a  certain  amount  of  recession 
of  the  pleural  sacs  may  take  place,  yet  it  is  not  an  invariable  result  of 
distension  of  the  pericardium. 

The  altered  relationship  between  the  pericardium  and  the  chest  wall 
is  recognised  by  percussion  which  reveals  an  increased  area  of  cardiac 
dulness,  somewhat  triangular  in  outline,  broad  below  and  tapering  above. 
When  the  pericardium  is  very  much  distended,  the  dulness  may  reach 
as  high  as  the  first  rib  and  as  low  as  the  seventh  and  in  a  transverse 
direction,  it  may  extend  to  the  right  as  far  as  the  mammary  line. 
Occasionally  there  is  an  evident  bulging  in  the  precordial  region  ;  it  is 
observed  most  frequently  in  young  subjects,  in  whom  the  chest  wall  is 
very  elastic. 

(2)  The  heart  itself,  suspended  in  the  fluid  by  the  great  vessels,  is  apt 
to  be  displaced  backwards  and  upwards,  and  consequently  its  impulse 
becomes  indistinct  or  imperceptible.     The  diaphragm  also  is  depressed, 
and  the  greater  part  of  the  effusion  collects  between  it  and  the  heart, 
especially  if  the  shoulders  are  raised  or  if  the  patient  sits  up. 

The  pressure  exercised  by  the  fluid  upon  the  heart,  the  great  vessels, 
and  the  air  passages  causes  increasing  dispnoea  of  a  suffocative  character, 
pallor  and  lividity  of  the  countenance,  swollen  cervical  veins,  a  weak,  rapid, 
and  irregular  pulse.  Dysphagia  is  sometimes  observed  in  consequence  of 
compression  of  the  oesophagus. 

Paracentesis  of  the  pericardium  is  usually  performed  in  cases  of 
serous  effusion,  or  as  an  exploratory  measure  when  the  latter  is  of  a 
suppurative  character.  It  has  also  been  performed  in  cases  ofhaemor- 
rhagic  extravasation  within  the  pericardium  to  relieve  urgent  cardiac  dis- 
tress. 

Were  it  possible  to  determine  beforehand  whether  the  effusion  within 
the  pericardium  were  serous  or  purulent  the  point  selected  for  puncture 
would  in  many  cases  be  a  matter  of  indifference  ;  that  is,  provided  the 
fluid  were  serous  and  non-infective,  it  would  not  make  any  appreciable 
difference  whether  the  needle  in  entering  traversed  the  pleural  cavity  or 
not.  However,  as  one  must  often  remain  in  doubt  as  to  the  nature  of  the 
fluid  in  acute  cases,  it  is  safer,  as  a  rule,  to  introduce  the  exploring  needle 
at  a  point  where  it  is  unlikely  that  either  pleural  sac  will  be  wounded  ;  in 
other  words,  the  puncture  should  be  extrapleural,  not  transpleural. 

A  glance  at  fig.  98  and  a  reference  to  the  account  already  given  of  the 
pleural  reflexions  will  show  that  the  risk  of  wounding  the  pleura  will 
be  least  if  the  needle  be  introduced  through  the  anterior  extremity  of 
the  fifth  or  sixth  intercostal  space  on  the  left  side,  close  to  the  sternum. 
The  extreme  narrowness  of  these  spaces  sometimes  renders  the  attempt 
a  little  difficult ;  especially  is  this  the  case  in  the  sixth  space,  which  at  this 
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level  is  reduced  to  a  linear  slit,  and  may  be  partially  bridged  across  by 
cartilage. 

The  sixth  space  is  an  excellent  site  for  puncture  as  it  directly 
overlies  the  large  subcardiac  recess  within  which  the  bulk  of  the  fluid 
is  contained,  and  there  is  very  little  risk  of  wounding  the  heart  at  this 
level.  This  accident  would  be  most  likely  to  happen  if  the  needle  were 
thrust  in  very  deeply.  It  will  rarely  be  necessary  to  penetrate  deeper 
than  an  inch,  as  the  distended  pericardium  lies  in  close  apposition  to 
the  chest  wall.  Some  confusion  may  arise  in  performing  paracentesis 
owing  to  the  increased  thickness  and  toughness  acquired  by  the  peri- 
cardium in  some  cases,  especially  those  of  a  purulent  nature. 

The  principal  dangers  attending  the  procedure  are — (i)  Wound  of 
the  internal  mammary  artery.  This  vessel  usually  descends  about  half  to 
three-quarters  of  an  inch  outside  the  sternal  margin,  and  can  hardly  be 
wounded  if  ordinary  care  be  taken. 

(2)  Wound  of  the  pleura.  Although  one  will  be  most  likely  to  avoid 
wounding  the  pleura  by  proceeding  in  the  manner  just  indicated,  yet,  in 
consequence  of  the  inconstancy  of  the  level  of  its  anterior  or  mediastinal 
reflexion,  one  can  never  be  quite  certain  that  any  of  the  pericardial  sac 
is  uncovered  by  this  membrane. 

Pericardotomy. — When  the  fluid  contents  of  the  pericardium  are  of 
a  purulent  nature  (pyo-pericardium},  paracentesis  is  not  sufficient ;  the  sac 
must  be  opened  and  drained  as  in  the  case  of  an  ordinary  abscess.  In 
order  to  do  this  effectively  and  at  the  same  time  to  avoid  the  pleural 
cavity,  it  is  necessary  to  resect  a  portion  of  the  fifth  or  sixth  costal 
cartilage,  or  both,  close  to  the  left  margin  of  the  sternum.  The  pro- 
cedure described  by  Delorme  and  Mignon  has  much  to  commend  it, 
as  it  rests  upon  a  sound  anatomical  basis  and  gives  good  access  to  the 
pericardium.  A  vertical  incision  is  made  close  to  the  left  margin  of 
the  sternum  from  the  upper  border  of  the  fourth  to  the  seventh  costal 
cartilage,  and  from  its  upper  and  lower  extremities  short  incisions  are 
carried  outwards  horizontally  for  about  an  inch.  The  rectangular  flap 
so  defined  is  reflected  outwards,  and  at  the  inner  margin  of  the  wound 
the  tissues  are  dissected  up  and  drawn  inwards  so  as  to  expose  the 
side  of  the  sternum.  The  fifth  cartilage  is  divided  close  to  the  latter 
with  a  blunt-pointed  tenotome  or  cutting  gouge,  after  which  it  is  raised, 
the  tissues  peeled  away  from  its  deep  surface,  and  a  piece  excised,  care 
being  taken  to  avoid  the  internal  mammary  artery.  A  piece  of  the  sixth 
costal  cartilage  having  been  removed  in  a  similar  manner,  a  vertical 
incision  is  carried  through  the  triangularis  sterni,  from  below  upwards, 
close  to  the  sternal  margin.  Inflammatory  condensation  of  the  tissues 
at  this  level  is  sometimes  very  marked,  and  might  possibly  cause  some 
confusion.  The  tip  of  the  index  finger  in  the  wound  feels  for  the  peri- 
cardium, and  at  this  stage  it  is  well  to  push  aside  the  left  pleura  and 
the  internal  mammary  artery.  The  pericardium  finally  is  caught  with 
a  sharp  hook  or  with  haemostatic  forceps  and  opened  vertically  for  three- 
quarters  of  an  inch. 

If  additional  room  were  required  a  piece  of  the  left  side  of  the 
sternum  in  addition  might  be  resected. 

In  order  to  prevent  extravasation  of  infective  fluids  into  the  loose 
mediastinal  tissues,  the  precaution  is  sometimes  adopted  of  suturing  the 
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margins  of  the  pericardial  opening  to  the  deeper  tissues  of  the  wound. 
Pericardotomy  may  be  required  also  for  wounds  of  the  heart  which  are 
capable  of  being  sutured. 

THE  AORTA. — The  Aorta  is  the  large  arterial  trunk  which  conveys  the  blood  from  the 
left  ventricle  of  the  heart  and  distributes  it  throughout  the  body.  At  first  it  takes  an  upward 
course  and  then  bends  backwards  around  the  root  of  the  left  lung  and  descends  in  close  contact 
with  the  left  side  of  the  thoracic  segment  of  the  spine,  but  gradually  inclines  inwards  and  attains  a 
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FIG.  106. — Dissection  of  the  prevertebral  region  of  the  thorax,  showing  the  more  important 
structures  contained  within  the  mediastinal  space  both  above  and  behind  the  heart.  Note 
the  relative  positions  of  the  trachea,  oesophagus,  and  the  large  arteries  at  the  thoracic  inlet. 
The  principal  structures  related  to  the  cervical  dome  of  the  pleura  on  each  side  are  also 
seen.  Observe  the  aortic  arch  directed  backwards  and  to  the  left  beside  the  trachea  just 
above  its  bifurcation  into  the  right  and  left  bronchi.  The  principal  relations  of  the 
oesophagus  in  its  thoracic  stage  are  clearly  shown — see  description  in  text.  The  vena  azygos 
major  is  seen  in  the  lower  part  of  the  mediastinum,  and  higher  up  it  appears  arching  above 
the  root  of  the  right  lung.  The  left  recurrent  laryngeal  nerve  is  observed  curving  around 
the  fibrous  cord  which  forms  the  vestige  of  the  ductus  arteriosus. 

mesial  position  opposite  the  twelfth  dorsal  vertebra,  where  it  passes  through  a  special  opening 
in  the  diaphragm  and  enters  the  abdomen.  Within  the  thorax  it  is  subdivided  into  three 
stages: — (i)  The  ascending  aorta.  (2)  The  aortic  arch.  (3)  The  descending  thoracic 
aorta. 
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The  ascending  Aorta  (fig.  103)  at  its  origin  is  situated  behind  the  pulmonary  artery.  As 
it  ascends  it  inclines  to  the  right  side  and  advances  forwards  towards  the  sternum,  reaching  its 
highest  point  at  the  level  of  the  upper  border  of  the  second  costal  cartilage  on  the  right  side.  In 
its  external  configuration  it  is  not  quite  cylindrical ;  thus,  it  is  somewhat  expanded  at  its  com- 
mencement, and  presents  three  hemispherical  bulgings,  corresponding  to  the  sigmoid  valves  in  its 
interior  (the  aortic  sinuses  of  Valsalva).  Its  right  wall  also  bulges  to  some  extent,  and  consequently 
the  greatest  diameter  of  this  portion  of  the  vessel  is  directed  transversely.  This  latei  al  bulging 
has  been  termed  the  great  aortic  sinus,  and  is  brought  about  evidently  by  the  pressure  of  the 
blood-current,  which  impinges  against  the  inner  aspect  of  the  vessel  at  this  level  with  considerable 
force. 

The  ascending  aorta  lies  within  the  pericardium,  and  is  enclosed  with  the  pulmonary  artery 
in  a  common  sheath  derived  from  the  serous  layer  of  the  membrane.  Its  principal  relations  are, 
in  front,  the  commencement  of  the  pulmonary  artery,  the  right  auricular  appendix,  the  pericardium, 
the  right  pleura  and  lung,  some  loose  mediastinal  tissue,  and  the  sternum  ;  behind,  the  right 
branch  of  the  pulmonary  artery  and  the  right  bronchus  ;  on  the  right  side,  the  superior  vena  cava 
and  the  upper  part  of  the  right  auricle  ;  on  the  left  side,  the  pulmonary  artery. 

The  Aortic  Arch  commences  opposite  the  upper  border  of  the  second  right  costal  cartilage 
and  ends  opposite  the  lower  border  of  the  fourth  dorsal  vertebra.  At  first  it  curves  upwards  and 
to  the  left,  and  gains  its  highest  point  behind  the  centre  of  the  manubrium  sterni,  or  at  the  level  of 
the  third  dorsal  spine.  It  next  curves  suddenly  backwards,  almost  in  the  sagittal  plane,  and 
reaches  the  side  of  the  spine  opposite  the  third  dorsal  vertebra,  where  it  bends  downwards  and 
becomes  continuous  with  the  descending  aorta  at  the  lower  border  of  the  fourth  dorsal  vertebra. 
In  addition  to  its  antero-posterior  curve  just  mentioned,  the  arch  also  presents  a  lateral  curve, 
concave  to  the  right,  as  it  lies  in  relation  to  the  left  side  of  the  trachea  and  oesophagus,  being 
moulded  as  it  were  to  the  lateral  aspect  of  the  mediastinum.  Its  calibre  is  not  quite  uniform. 
Not  infrequently  it  is  somewhat  constricted  between  the  point  of  the  origin  of  the  left  subclavian 
artery  and  the  obliterated  ductus  arteriosus — the  isthmus  of  (he  aorta.  Beyond  this  the  aorta 
expands  usually  in  a  fusiform  manner,  forming  the  '  aortic  spindle. ' 

The  principal  relations  of  the  arch  are,  in  front  and  to  the  left  side,  the  left  mediastinal 
pleura,  the  left  phrenic  nerve,  the  inferior  cardiac  branch  of  the  left  vagus  nerve,  the  left  superior 
cardiac  branch  of  the  sympathetic,  the  left  vagus  trunk,  also  the  left  superior  intercostal  vein, 
the  remains  of  the  thymus,  the  left  lung  and  pleural  sac,  some  loose  mediastinal  tissue,  and  the 
manubrium  sterni ;  behind  and  to  the  right,  the  trachea,  oesophagus,  thoracic  duct,  and  the  left 
recurrent  laryngeal  nerve ;  above,  its  three  great  branches,  viz. ,  the  innominate,  left  common 
carotid,  and  left  subclavian  arteries  (fig.  106),  also  the  left  innominate  vein  as  it  crosses  from 
left  to  right ;  below,  the  bifurcation  of  the  pulmonary  artery,  the  obliterated  ductus  arteriosus, 
the  left  recurrent  laryngeal  nerve,  and  the  root  of  the  left  lung. 

The  descending  Thoracic  Aorta,  commencing  at  the  lower  border  of  the  fourth  dorsal 
vertebra,  descends  in  close  relationship  with  the  vertebral  column,  lying  at  first  on  its  left  side, 
but  gradually  inclining  towards  the  middle  line  as  it  approaches  the  aortic  opening  in  the 
diaphragm. 

Its  principal  relations  are  (fig.  106),  in  front,  the  root  of  the  left  lung,  the  oesophagus,  the 
basal  or  auricular  segment  of  the  heart,  and  the  pericardium  ;  on  the  right  side,  the  oesophagus, 
which  as  it  descends  inclines  to  the  anterior  aspect  of  the  aorta,  the  vena  azygos  major,  the 
thoracic  duct,  and  the  right  mediastinal  pleura ;  on  the  left  side,  the  left  mediastinal  pleura 
and  the  left  lung  ;  behind,  the  bodies  of  the  dorsal  vertebrae  and  the  intervening  intervertebral 
discs. 

Aneurysm  of  the  Thoracic  Aorta. — The  more  important  re- 
lationships of  the  thoracic  aorta  enumerated  in  the  preceding  para- 
graphs are  specially  deserving  of  notice  in  view  of  the  comparative 
frequency  with  which  this  vessel  is  the  seat  of  aneurysm.  With  the 
gradually  increasing  volume  of  the  aneurysmal  sac,  certain  symptoms, 
some  of  which  are  of  considerable  diagnostic  value,  supervene,  and  are 
clearly  the  result  of  the  mechanical  pressure  exercised  by  the  latter  upon 
the  structures  in  its  immediate  vicinity. 

A  reference  to  the  course  and  relationships  of  the  ascending  aorta 
will  explain  why  an  aneurysm  of  this  part  of  the  vessel  usually  forms  a 
tumour  which  in  the  course  of  time  advances  forwards  behind  the  sternum 
and  projects  beyond  its  right  margin  at  the  level  of  the  second  and  third 
costal  cartilages.  The  anterior  margin  of  the  right  lung  recedes,  and  the 
normal  resonance  at  this  level  of  the  chest  is  replaced  by  dulness.  The 
pulsation  of  the  sac  also  may  be  very  evident  here ;  it  is  synchronous 
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with  that  of  the  heart  (ventricular  systole),  and  is  expansile  in  character. 
The  latter  phenomenon  serves  to  distinguish  an  aneurysm,  not  only  here, 
but  in  other  regions  of  the  body,  from  a  solid  or  cystic  tumour  which 
might  possibly  transmit  an  impulse  of  a  pulsatile  character  owing  to  its 
close  proximity  to  the  wall  of  an  adjoining  artery.  Compression  of  the 
superior  vena  cava  will  account  for  fulness  in  the  veins  of  the  head  and 
neck  and  of  the  upper  limbs.  With  the  continued  forward  advance  of 
the  aneurysm,  the  sternum  and  costal  cartilages  become  eroded  and  the 
clavicle  pushed  forward  or  disarticulated,  until  eventually  the  sac  may 
project  beneath  the  integument.  An  aneurysm  of  the  ascending  aorta 
is  very  apt  to  rupture  into  the  pericardium.  In  consequence  of  the 
pressure  exerted  by  the  extravasated  blood  upon  the  heart,  death  rapidly 
follows  this  occurrence  as  a  rule. 

An  Aneurysm  of  the  Aortic  Arch  has  a  tendency  to  project  as  a 
pulsating  tumour  at  the  suprasternal  notch  and  root  of  the  neck.  Its 
relationships  with  surrounding  structures  explain  certain  pressure  symp- 
toms which  are  apt  to  supervene.  Engorgement  of  the  veins  at  the  root  of 
the  neck  succeeds  pressure  upon  the  left  innominate  vein.  Pressure  upon 
the  left  recurrent  laryngeal  nerve  will  first  cause  spasm  of  the  true  vocal 
cord  on  that  side,  dyspnoea,  and  a  highly  pitched  tone  of  voice  ;  later,  the 
function  of  the  nerve  is  abolished,  the  vocal  cord  remains  flaccid  and 
motionless,  and  there  is  loss  of  voice,  or  aphonia.  Pressure  upon  the 
trachea  causes  dyspnoea,  cough,  and  harsh  breathing.  Dyspnoea  may  also 
be  due  to  pressure  upon  the  left  bronchus.  The  expansile  pulsation  of 
the  aneurysm  may  sometimes  be  ascertained  by  the  Jugging  sensation 
which  is  perceived  on  grasping  the  cricoid  cartilage  between  the  finger 
and  thumb  as  the  patient  remains  seated  with  the  head  thrown  back 
(Oliver).  Dysphagia  results  from  compression  of  the  oesophagus,  and  it 
is  important  to  remember  that  such  a  condition  of  affairs  has  more  than 
once  been  mistaken  for  an  cesophageal  stricture.  The  strain  exerted  upon 
the  phrenic  nerve  may  cause  hiccough,  and  ultimately  the  diaphragm  on 
the  left  side  may  be  paralysed. 

Certain  ocular  phenomena  have  been  noted  in  cases  of  thoracic 
aneurysm,  and  are  supposed  to  depend  upon  compression  or  overstretch- 
ing of  the  sympathetic  nerve  filaments.  Those  which  reach  the  eye  on 
each  side  proceed  from  the  cord  in  the  lower  cervical  and  upper  dorsal 
regions,  and  pass  by  the  rami  communicantes  into  the  sympathetic  cord 
and  upwards  through  the  neck  to  the  carotid  plexus,  and  from  this  to 
the  ciliary  ganglion  within  the  orbit  (p.  129).  Pressure  upon  these 
ocular  fibres  of  the  sympathetic  in  any  part  of  their  course  will  cause 
the  pupil  on  that  side  to  dilate,  but  should  they  be  so  overstretched 
that  their  conducting  power  is  abolished,  then  the  pupil  becomes 
contracted  through  the  uncontrolled  agency  of  the  oculo-motor  fibres. 

An  abscess  involving  one  of  the  lymphatic  glands  in  the  immediate 
vicinity  of  the  suprasternal  notch  may,  in  consequence  of  its  pulsatile 
character,  closely  simulate  an  aneurysm.  A  very  vascular  sarcoma  also, 
growing  from  the  manubrium  sterni,  may  project  into  the  notch  and  be 
accompanied  by  pulsation  and  a  bruit.  In  one  remarkable  case  of  this 
sort  the  mistake  in  the  diagnosis  was  only  discovered  at  the  autopsy. 

An  Aneurysm  of  the  descending  Thoracic  Aorta,  as  it  increases 
in  size,  causes  absorption  of  the  bodies  of  the  vertebrae  with  which  it  is  in 
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contact,  but  the  intervertebral  discs  escape,  and  appear  to  resist  the 
effects  of  the  pressure  in  a  remarkable  manner.  The  absorption  of  the 
vertebrae  is  accompanied  by  intense  gnawing  or  boring  pain  in  the  back, 
and  this  is  often  the  first  sign  which  leads  one  to  suspect  an  aneurysm 
involving  this  segment  of  the  aorta.  The  pain  is  also  referred  to  the  areas 
supplied  by  the  corresponding  intercostal  nerves,  and  this  circumstance 
has  led  to  a  mistaken  diagnosis  of  spinal  caries.  In  the  latter  disease, 
however,  the  pain  is  usually  bilateral  and  symmetrical,  whereas  in 
aneurysm  it  is  confined  to  one  side  as  a  rule.  Herpes  zoster  has  been 
noted  also  as  a  result  of  pressure  upon  the  intercostal  nerves. 

An  aneurysm  implicating  this  part  of  the  aorta  or  the  arch  may 
rupture  in  different  directions,  viz.,  into  the  left  lung  or  left  pleura,  the 
trachea,  the  oesophagus,  or  the  mediastinum.  Within  recent  times  great 
help  has  been  afforded  in  the  diagnosis  of  thoracic  aneurysm  by  the 
X-rays,  more  especially  by  the  employment  of  the  fluorescent  screen,  by 
means  of  which  the  outline  of  the  sac  and  its  pulsations  may  be  seen. 

THE  (ESOPHAGUS. — The  oesophagus  has  already  been  studied  in  its  cervical  stage, 
i.e.  from  its  commencement  opposite  the  lower  border  of  the  cricoid  cartilage  to  the  thoracic 
inlet.  Within  the  thorax  it  descends  in  an  almost  vertical  direction  at  the  posterior  part  of  the 
mediastinal  space,  behind  the  trachea  and  left  bronchus  above,  behind  the  pericardium  and 
diaphragm  below.  It  leaves  the  thorax  by  passing  through  a  special  opening  in  the  diaphragm 
opposite  the  eleventh  dorsal  spine. 

Except  during  the  act  of  swallowing,  the  oesophagus  is  flattened  from  before  backwards,  and 
on  cross-section  presents  a  stellate  lumen,  owing  to  the  presence  of  a  series  of  longitudinal  folds  of 
mucous  membrane  in  its  interior.  Its  course  in  the  thorax  is  not  quite  straight,  for  in  addition  to  a 
feebly  pronounced  antero-posterior  curve  corresponding  to  that  of  the  dorsal  segment  of  the  spine, 
it  deviates  slightly  in  the  lateral  direction.  Thus,  as  it  enters  the  thorax,  it  lies  somewhat  to  the 
left  of  the  middle  line,  but  further  down,  at  the  level  of  the  third  dorsal  vertebra,  it  inclines  in- 
wards, and  attains  a  mesial  position  in  front  of  the  fifth  dorsal  vertebra,  being  impelled  in  this 
direction  by  the  aortic  arch  which  comes  into  relation  with  it  on  its  left  side  (fig.  106').  Continu- 
ing downwards,  it  is  borne  off  the  front  of  the  vertebral  column  by  the  aorta,  and  gradually 
inclines  to  the  left  again  as  it  approaches  the  cesophageal  opening  in  the  diaphragm. 

Its  lumen  is  not  uniform  throughout ;  it  is  narrowest  at  its  commencement  in  the  neck, 
below  this  it  widens  out  slightly,  and  narrows  slightly  again  opposite  the  point  at  which  it  is 
crossed  by  the  left  bronchus.  At  the  cesophageal  opening  its  lumen  is  once  more  somewhat 
constricted  through  the  agency  of  the  muscular  fibres  of  the  diaphragm. 

The  posterior  relations  of  the  oesophagus  within  the  thorax  are,  the  longus  colli  muscles  and 
the  upper  dorsal  vertebrae,  the  aorta  and  the  intercostal  arteries  of  the  right  side,  the  vena  azygos 
major  and  the  thoracic  duct.  On  its  left  side  it  is  related  at  the  upper  part  of  the  mediastinum 
to  the  thoracic  duct,  the  aortic  arch,  the  left  subclavian  artery,  the  left  mediastinal  pleura  and  the 
left  lung.  Below  the  pulmonary  roots  it  is  related  to  the  mediastinal  pleura  on  each  side,  especi- 
ally the  right,  and  to  the  lungs.  The  vagi  nerves  hpving  emerged  from  the  posterior  pulmonary 
plexuses,  descend  in  contact  with  the  oesophagus,  and  their  branches,  which  are  numerous,  are 
arranged  in  a  plexiform  manner  (plexus  guise)  upon  the  tube  and  supply  its  muscular  coat. 

The  average  length  of  the  oesophagus  in  the  adult  is  twenty- five  cms.,  or  ten  inches.  The 
cervical  portion  measures  about  four  or  five  cms.,  or  one  and  a  half  to  two  inches.  The  level  at 
which  the  left  bronchus  crosses  it  is  from  seven  to  eight  cms. ,  or  about  three  inches  from  its  com- 
mencement. 

From  the  applied  standpoint  the  interest  which  centres  round  the 
oesophagus  is  mainly  due  to  the  comparative  frequency  with  which 
difficulty  in  swallowing  (dysphagia)  has  its  origin  in  this  segment  of  the 
alimentary  canal. 

The  conditions  which  are  capable  of  giving  rise  to  dysphagia 
are  very  numerous,  and  amongst  the  more  common  may  be  noted — (i) 
Narrowing  of  the  lumen  of  the  cesophagus  through  spasmodic  contraction 
of  its  muscular  coat  (cesophagismus).  The  muscular  element  in  the 
cesophageal  wall  is  very  strongly  developed,  and  hence  the  frequency  of 
spasmodic  strictures.  (2)  Narrowing  of  the  tube,  the  result  of  pathological 
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changes  in  its  wall,  i.e.  organic  stricture.  The  stricture  may  be  of 
a  fibrous  or  cicatricial  character,  the  outcome  of  previous  ulceration  of  the 
mucous  membrane,  such  as  is  caused  occasionally  by  the  swallowing  of 
caustic  fluids  (acids  or  alkalis).  Stricture  of  the  oesophagus  is  also  caused 
not  uncommonly  by  an  epitheliomatous  growth  (malignant  stricture).  This 
latter  originates  in  the  compound  squamous  epithelium  which  lines  the 
interior  of  the  tube,  and  in  its  progress  tends  to  spread  around  the 
latter  in  the  form  of  a  ring,  so  as  to  narrow  it,  and  render  its  wall, 
which  normally  is  very  extensile,  rigid  and  friable.  The  site  of  the 
growth  varies ;  it  appears,  however,  to  have  a  predilection  for  certain  parts, 
viz.,  the  commencement  of  the  passage,  its  lower  or  cardiac  extremity, 
and  the  point  at  which  it  is  crossed  by  the  left  bronchus.  In  its  growth 
it  infiltrates  the  cesophageal  tissues,  and  may  ultimately  implicate 
adjoining  structures  or  cavities,  such  as  the  pleura,  pericardium,  trachea, 
left  bronchus,  or  the  aorta.  It  is  followed  by  metastases  in  the  mediastinal 
lymphatic  glands,  and  when  high  up  the  deep  cervical  glands  which  overlie 
the  carotid  sheath  in  the  lower  part  of  the  neck  will  usually  be  found 
enlarged  also.  (3)  A  foreign  body  impacted  within  the  oesophagus  is  some- 
times a  cause  of  dysphagia.  The  site  of  the  obstruction  in  these  cases 
is  very  commonly  at  the  commencement  of  the  oesophagus,  opposite  the 
cricoid  cartilage,  which  is  its  narrowest  point,  the  next  most  likely  site 
being  the  cardiac  extremity  of  the  oesophagus.  Foreign  bodies  with  sharp 
angular  projections  lodged  within  the  oesophagus  are  apt  to  ulcerate 
through  its  wall,  and  may  cause  a  sudden  and  fatal  haemorrhage  by 
penetrating  the  aorta,  or  they  may  enter  the  trachea  or  oesophagus  and 
set  up  a  septic  pneumonia  in  one  or  both  lungs.  Occasionally  they  have 
been  known  to  ulcerate  into  the  mediastinum  and  set  up  a  peri- 
oesophageal  abscess.  (4)  Pressure  upon  the  oesophagus  from  without  may 
be  affected  by  different  agencies,  among  which  may  be  mentioned  an 
aneurysm  of  the  thoracic  aorta,  a  large  pericardial  effusion,  enlarged 
glands,  or  sarcomatous  tumours  within  the  mediastinum.  In  the  neck, 
enlargement  of  the  thyroid  gland  very  commonly  causes  dysphagia  in 
this  way. 

The  passage  of  an  cesophageal  bougie  is  frequently  carried  out 
both  as  a  diagnostic  measure  and  also  as  a  valuable  therapeutic  method, 
especially  in  cases  of  stricture  of  a  spasmodic  or  cicatricial  character.  In 
introducing  the  bougie  the  head  should  not  be  thrown  too  far  back,  and 
the  instrument  should  be  guided  by  extreme  gentleness  in  its  downward 
passage  along  the  tube,  so  as  to  avoid  false  passages.  The  employment 
of  undue  force  has  more  than  once  been  followed  by  the  entry  of  the 
bougie  into  the  trachea  or  left  bronchus.  False  passages  are  all  the 
more  likely  to  be  produced  in  stricture  cases  owing  to  the  facility  with 
which  the  instrument  finds  its  way  through  the  cesophageal  wall  in 
consequence  of  the  marked  friability  of  its  tissues  which  succeeds  in- 
flammatory changes  or  malignant  infiltration.'  Should  the  stricture 
have  existed  for  some  time  a  pouch  will  very  probably  be  found  on  its 
proximal  aspect,  and  this  sometimes  increases  the  difficulty  of  instru- 
mentation, as  the  opening  of  the  stricture  will  probably  be  found  at  one 
side  of  the  pouch,  and  not  at  its  most  dependent  part. 

The  passage  of  a  bougie  also  enables  one  to  form  an  idea  as  to  the 
approximate  site  of  the  stricture.  Thus,  if  an  obstruction  be  encountered 
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at  a  point  six  inches  from  the  incisor  teeth,  it  will  be  situated  at  the 
commencement  of  the  oesophagus.  If  it  be  some  three  inches  lower 
down,  i.e.  nine  inches  from  the  incisor  teeth,  it  may  be  regarded  as 
having  its  situation  in  the  region  of  the  left  bronchus.  If  it  be  met 
further  down,  fifteen  or  sixteen  inches  from  the  incisor  teeth,  its  site  will 
correspond  to  the  lower  or  cardiac  extremity  of  the  oesophagus. 

The  possibility  of  an  aortic  aneurysm  causing  dysphagia  should 
never  be  forgotten,  and  its  presence  should  always  be  excluded  before 
introducing  a  bougie,  as  it  has  happened  more  than  once  that  the  sac  of 
an  aneurysm  has  been  penetrated  in  consequence  of  this  pathological 
condition  having  been  unsuspected. 

Direct  access  to  the  oesophagus  may  be  obtained  (i)  from  the 
neck  ;  (2)  from  the  posterior  thoracic  region  ;  (3)  from  the  stomach. 

The  mode  of  exposing  the  oesophagus  in  the  neck  has  already  been 
studied,  see  p.  213.  To  expose  it  from  the  posterior  thoracic  region  as  it 
lies  within  the  upper  part  of  the  mediastinum  is  a  difficult  procedure,  and 
one  which  entails  a  deep  and  rather  dangerous  dissection.  A  rectangular 
flap  three  or  four  inches  in  length  and  breadth  is  raised  on  the  left  side 
in  the  interscapular  region  and  turned  outwards.  In  addition  to  the 
superficial  tissues,  the  parts  reflected  at  this  level  include  portions  of  the 
trapezius  and  rhomboid  muscles.  The  splenius  and  the  deep  muscles  of 
the  back  are  separated  from  the  ribs  and  drawn  inwards,  pieces  of  the 
third,  fourth,  and  fifth  ribs  for  about  an  inch  between  the  costo-transverse 
articulations  and  the  angles  are  removed,  and  in  doing  so  great  care  is 
taken  to  avoid  a  wound  of  the  pleura,  which  might  be  followed  by 
pneumothorax  and  collapse  of  the  lung.  The  parietal  pleura  is  raised 
and  followed  inwards  towards  the  mediastinum  until  the  oesophagus  is 
exposed.  This  final  step  is  much  facilitated  by  passing  a  bougie  down 
the  oesophagus  to  the  level  of  the  thoracic  opening.  Access  to  the  lower 
extremity  of  the  oesophagus  is  obtained  from  within  the  stomach  (see 
Gastrotomy)  ;  it  may  be  required  for  the  removal  of  a  foreign  body  im- 
pacted low  down,  or  with  the  intention  of  carrying  out  retrograde  dilata- 
tion of  a  fibrous  stricture  situated  near  the  lower  extremity  of  the  tube. 


PART   IV 

THE   ABDOMEN. 

THE  ABDOMINAL  WALL. 

Topography  and  Superficial  Anatomy. — The  abdominal  wall  consists 
mainly  of  muscular  and  aponeurotic  layers  which  fill  up  the  interval 
bounded  above  by  the  ensiform  cartilage  and  the  costal  arches,  behind  by 
the  lumbar  spine,  and  below  by  the  ilium,  Poupart's  ligament,  and  the 
crest  and  symphysis  of  the  pubis.  These  boundaries  collectively  form  a 
framework  which  affords  attachment  to  the  muscular  and  aponeurotic 
tissues,  and  is  easily  palpated  in  the  living  subject. 

The  abdominal  wall  viewed  externally  does  not  by  any  means  afford 
a  correct  estimate  of  the  extent  of  the  cavity  within,  because  the 
diaphragm,  which  shuts  off  the  latter  from  the  thorax,  bulges  upwards 
for  a  considerable  distance  beneath  the  ribs  forming  the  large 
sub-diaphragmatic  recess  for  the  reception  of  certain  of  the  abdominal 
viscera,  which  consequently  are  deeply  hidden  beneath  the  lower  ribs, 
and  enjoy  the  valuable  protection  which  these  afford.  In  a  downward 
direction  the  cavity  extends  beyond  the  lower  limits  of  the  abdominal 
wall,  and  includes  the  iliac  fossa  on  each  side ;  it  is  directly  continuous 
also  with  the  cavity  of  the  pelvis. 

The  abdominal  wall  being  constituted  by  yielding  tissues,  and  such 
as  are  capable  of  undergoing  active  as  well  as  passive  changes  in  shape, 
it  follows  that  the  appearances  presented  by  this  region  are  subject  to 
very  great  variability,  and  depend  upon  a  great  variety  of  circumstances, 
such  as  strong  or  weak  muscular  development,  the  amount  of  sub- 
cutaneous fat,  the  varying  conditions,  normal  or  pathological,  of  the 
abdominal  viscera,  the  age  and  sex  of  the  individual,  and  the  position 
occupied  by  the  trunk. 

The  tonicity  of  the  abdominal  wall  is  essentially  influenced  by  its 
muscular  development.  When  the  muscles  are  strong  and  well 
developed,  their  outlines  are  conspicuous,  especially  those  of  the  recti,  the 
abdominal  wall  is  braced  up  powerfully,  they  exercise  a  beneficial  degree 
of  pressure  upon  the  abdominal  contents,  and  help  to  maintain  the  viscera 
in  their  normal  positions. 

When  the  muscles  are  weak,  however,  the  abdominal  wall  is  flabby 
and  yields  readily  with  increase  of  intra-abdominal  pressure.  Such  a 
condition  may  frequently  be  observed  in  elderly  women  who  have  borne 
many  children,  and  sometimes  in  men  also  who  have  become  debilitated 
from  disease  or  malnutrition.  When  these  individuals  stand  erect  the 
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viscera,  by  reason  of  their  mobility,  assisted  by  gravity,  assume  a 
dependent  position,  they  fill  the  pelvis  and  adjacent  regions,  causing  the 
lower  abdomen  to  bulge  forwards,  the  upper  region  in  consequence 
appearing  flat  (liangebaucK). 

A  very  striking  appearance  is  sometimes  presented  by  the  lower 
abdominal  region  in  these  cases,  especially  when  the  muscles  are 
voluntarily  thrown  into  a  state  of  contraction,  as  in  rising  from  the 
supine  to  the  sitting  position,  or  in  coughing.  Three  distinct  bulgings 
become  evident,  one  on  each  side,  in  the  inguinal  region,  oval  in  outline 
and  directed  downwards  and  inwards  obliquely  towards  the  pubic  spine  ; 
the  central  bulging  intermediate  between  these  is  directed  vertically  and 
is  caused  by  the  contracting  recti.  This  condition  was  observed  by 
Malgaigne,  and  termed  by  him  ' ventre  a  triple  saillie'  It  denotes  a 
predisposition  to  hernia,  indeed  an  inguinal  hernia  is  very  frequently 
associated  with  this  condition. 

The  external  configuration  of  the  abdomen  varies  largely  with 
the  age  and  sex  of  the  individual.  In  the  female  the  lower  abdominal 
region  is  perceptibly  broader  than  the  upper,  owing  to  the  widely 
expanded  pelvis,  and  this  appearance  may  be  greatly  exaggerated  by 
tight  lacing,  whereby  the  lower  thoracic  region  is  greatly  compressed  and 
permanently  narrowed.  In  the  female  the  abdominal  wall  is  slightly 
prominent  and  more  uniformly  rounded  than  in  the  male,  owing  to  the 
large  proportion  of  subcutaneous  fat  and  feeble  muscular  development. 

In  the  child  the  abdomen  is  usually  full  and  rounded,  and  is  wider 
above  than  below.  This  is  to  be  explained  partly  by  the  large  size  of 
the  liver,  occupying  as  it  does  the  greater  part  of  the  upper  abdominal 
region,  and  partly  by  the  undeveloped  condition  of  the  pelvis. 

In  young  healthy  adult  males  the  upper  and  lower  abdominal  regions 
present  but  slight  differences  in  their  transverse  measurements,  and  the 
abdomen  as  a  whole,  when  viewed  externally,  represents  in  some  degree 
a  cylinder  flattened  in  the  antero-posterior  direction.  The  muscular 
element  is  distinctly  in  evidence,  especially  when  the  recti  are  thrown  into 
action,  as  in  retracting  the  anterior  abdominal  wall  or  in  moving  the 
trunk  from  side  to  side. 

The  external  contour  of  the  abdomen  is  influenced  also  in  no 
small  degree  by  abnormal  or  pathological  conditions  affecting  its 
contents.  The  liver  when  greatly  enlarged  may  cause  the  right 
hypochondriac  and  neighbouring  regions  to  become  unduly  prominent. 
Ovarian  cysts  or  uterine  tumours  will  cause  an  enlargement,  first 
appearing  in  the  lower  abdominal  region  above  the  pubes  and  gradually 
extending  upwards.  Abdominal  dropsy  or  ascites  arising  from 
obstructed  portal  circulation  is  a  frequent  cause  of  excessive  distension, 
in  fact  it  is  quite  astonishing  to  what  an  extent  this  may  attain.  The  skin, 
which  is  very  tense,  has  a  glazed  appearance,  and  presents  a  number  of 
horizontally  directed  markings  of  a  dark  colour,  which  are  the  result  in 
each  case  of  overstretching  of  the  connective-tissue  bundles  of  the  skin  ; 
they  are  also  invariably  present  in  the  later  months  of  pregnancy.  Subse- 
quently, when  the  distending  force  is  withdrawn,  these  patches  assume 
a  pale  cicatricial  appearance,  and  have  received  the  name  of  linea 
albicantes.  Almost  if  not  quite  so  striking  is  the  retracted  abdomen. 
Its  cavity  is  now  reduced  to  very  small  dimensions,  and  when  the 
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abdominal  wall  is  viewed  from  the  front  as  the  individual  lies  supine  it 
appears  hollowed  out  to  a  remarkable  degree,  hence  the  name  '  scaphoid  ' 
or  '  boat-shaped '  abdomen.  The  thoracic  and  pelvic  framework  stands 
out  in  bold  relief,  and  the  abdominal  wall,  especially  above,  sinks  in  with 
sudden  abruptness,  its  direction  being  almost  perpendicular  to  the  plane 
of  the  anterior  chest  wall.  The  anterior  projection  of  the  spine  is  easily 
felt  through  the  retracted  tissues,  and  it  .can  sometimes  be  perceived  from 
the  front  as  a  distinct  median  bulging.  Such  a  condition  is  usually  seen  in 
emaciated  individuals,  and  to  a  less  degree  in  certain  pathological  states, 
such  as  meningitis  and  during  the  course  of  certain  forms  of  peritonitis. 

The  thickness  of  the  abdominal  wall  depends  upon  its  muscular 
development  and  upon  the  amount  of  fat  which  it  contains.  With  a 
well  developed  panniculus  adiposus  there  is  usually  associated  a  large 
accumulation  of  fat  in  the  omenta  and  mesenteric  folds,  and  this  helps 
largely  to  cause  the  great  fulness  of  the  abdomen  in  corpulent  persons. 
A  thick  abdominal  wall  offers  great  difficulty  in  palpating  solid  tumours 
or  cystic  swellings  in  its  interior,  but  when  the  abdominal  wall  is  very 
thin  and  flaccid,  this  method  of  physical  examination  is  greatly  facilitated. 
Under  such  conditions  the  outlines  of  tumours  may  sometimes  be  dis- 
tinctly felt,  and  the  vermicular  movements  caused  by  peristaltic  waves 
of  contraction  passing  along  distended  coils  of  intestine  are  in  some  cases 
distinctly  visible. 

In  consequence  of  the  mobility  of  a  large  part  of  the  abdominal 
contents  and  the  yielding  nature  of  its  wall,  its  outward  shape  may  be 
made  to  alter  to  some  extent  with  the  varying  attitudes  of  the  body,  viz., 
according  as  it  is  erect,  recumbent,  prone,  or  inclined  to  one  or  other  side. 
Such  alterations  in  shape  are  best  seen  in  cases  when  the  abdominal  wall 
is  in  an  atonic  condition. 

The  anterior  and  lateral  regions  of  the  abdominal  wall,  when  viewed 
together,  present  a  lozenge-shaped  outline.  The  pel vi- thoracic  distance 
is  greatest  in  the  middle  line  in  front,  but  diminishes  as  it  is  traced 
laterally  into  the  interval  between  the  last  rib  and  the  iliac  crest.  The 
subcostal  angle  varies  greatly  in  width,  depending  mainly  upon  the 
shape  of  the  thoracic  outlet.  This  area,  as  a  rule,  is  somewhat  depressed, 
partly  in  consequence  of  the  depth  of  the  ensiform  cartilage  from  the 
surface,  and  partly  owing  to  the  forward  projection  of  the  costal  cartilages 
on  each  side.  Oscillating  movements  synchronous  with  the  ventricular 
systole  of  the  heart  may  sometimes  be  seen  here,  having  been  transmitted 
through  the  diaphragm ;  they  are  particularly  evident  in  cases  of  hyper- 
trophy of  the  right  ventricle,  which  is  a  common  sequela  of  organic 
valvular  disease  at  the  mitral  or  aortic  orifice.  This  infrasternal  area 
has  consequently  received  the  name  scrobiculus  cordis.  Owing  to  the 
fact,  too,  that  the  distended  stomach  comes  to  lie  behind  this  part  of  the 
abdominal  wall,  it  has  been  popularly  designated  the  ' pit  of  the  stomach' 
The  linea  alba  is  indicated  superficially  by  a  vertical  median  furrow 
between  the  recti  which  is  usually  distinct  above,  but  gradually 
diminishes  in  width  and  depth  as  it  approaches  the  umbilicus.  Below 
this  it  soon  becomes  quite  imperceptible  to  sight  and  touch  and  the 
abdominal  wall  in  consequence  presents  a  smooth  and  evenly  rounded 
contour  for  some  distance  above  the  pubes.  The  interval  between  the 
recti  may  become  abnormally  wide.  It  is  apt  to  do  so  from  the  effects 
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of  excessive  intra-abdominal  pressure  ;  thus  it  may  occur  in  females 
after  numerous  pregnancies,  and  under  such  conditions  it  is  possible  to 
press  with  the  tips  of  the  fingers  deeply  between  these  muscles.  The 
structures  which  lie  behind  the  linea  alba  are  the  (i)  left  lobe  of  the 


Pectoral  Region 


Inframammary  Region. 
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Linea  Alba.  _J 
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Anterior  Superior  Spin< 


Infraclavicular  Fossa. 
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UMB.  R. 


L    HYP'flfr 


--  Extremity  of  the  Ensiform 
or  Xiphoid  Cartilage. 


Linea  Transversa. 


__Symphysis  Pubis. 


FIG.  107. — Anterior  aspect  of  the  trunk. 
R.  HYP.  R.=  right  hypochondriac  region.  UMB.  R.  ^umbilical  region. 


L.  HYP.  R.  =  left  hypochondriac  region. 

EP.  R.  =  epigastric  region. 
R.  LUMB.  R.  =  right  lumbar  region. 
L.  LUMB.  R.  =  left  lumbar  region. 


R.  IL.  R.  =  right  iliac  region. 
L.  IL.  R.  =  left  iliac  region. 
HYPOG.  R.  =  hypogastric  region. 


liver  for  about  one  and  a  half  inches  below  the  ensiform  cartilage, 
(2)  the  stomach  when  it  has  undergone  distension,  (3)  the  transverse  colon 
—this  usually  lies  above  the  level  of  the  umbilicus ;  however,  it  is  subject 
to  great  variability,  and  may  be  much  lower — (4)  the  great  omentum, 
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which  conceals  beneath  it  the  general  mass  of  the  small  intestine,  and 
(5)  the  bladder.  In  the  adult  this  viscus  is  essentially  a  pelvic  organ, 
and  only  ascends  into  the  abdomen  when  its  cavity  enlarges  ;  in  the 
child,  however,  it  is  for  the  most  part  an  abdominal  organ,  and  at  this 
period  maintains  a  close  relationship  to  the  abdominal  wall. 

The  umbilical  scar  marks  the  level  of  attachment  of  the  umbilical  cord 
in  the  foetus.  It  is  somewhat  nearer  to  the  pubes  than  to  the  sternum, 
and  its  level  corresponds  approximately  to  the  body  of  the  fourth  lumbar 
vertebra  or  to  the  disc  between  the  third  and  fourth.  Its  appearance  is 
usually  that  of  a  puckered  scar  depressed  below  the  level  of  the  surround- 
ing skin. 

The  Recti  Muscles  when  well  developed  stand  out  prominently, 
but  especially  above  the  umbilicus,  when  they  are  thrown  into  action. 
The  tendinous  intersections  which  traverse  these  muscles  are  sometimes 
evident  on  the  surface  as  shallow  transverse  furrows,  one  at  the  level  of 
the  ensiform  cartilage,  a  second  opposite  the  umbilicus,  and  a  third  mid- 
way between  these.  The  outer  margin  of  each  rectus  is  indicated  by  a 
depression  or  vertically  directed  furrow — the  linea  semilunaris,  which  is 
most  distinct  above,  where  it  commences  at  the  level  of  the  tip  of  the 
ninth  costal  cartilage.  At  first  it  descends  nearly  vertically,  but  lower 
down  it  gradually  grows  less  and  less  distinct  and  fades  away  in  the 
general  rounding  off  of  the  lower  abdominal  region  before  it  curves 
inwards  to  reach  the  spine  of  the  pubis.  It  is  along  this  line  the 
aponeurosis  of  the  internal  oblique  splits  to  enclose  the  rectus 
muscle. 

The  flat  abdominal  muscles  present  few  superficial  landmarks  of 
importance.  The  external  oblique  and  latissimus  dorsi  lie  for  some  little 
distance  apart  above  the  middle  of  the  iliac  crest,  and  help  to  circum- 
scribe a  narrow  triangular  interval,  known  as  Petit's  Triangle.  The  floor 
of  the  triangle  is  formed  by  the  internal  oblique,  and  its  practical  impor- 
tance is  due  to  the  fact  that  abscesses  originating  deeply  in  the  lumbar 
region,  and  even  hernial  protrusions,  may  make  their  way  to  the  surface 
at  this  part  of  the  abdominal  wall. 

The  external  oblique,  when  well  developed,  has  a  tendency  to  bulge 
outwards  over  the  iliac  crest  in  the  form  of  an  overhanging  roll.  A 
distinct  furrow  posteriorly,  directed  vertically  along  the  outer  margin 
of  the  erector  spinae,  marks  the  posterior  limit  of  the  flat  abdominal 
muscles,  and  is  a  useful  guide  in  lumbar  nephrectomy  and  colostomy. 

Poupart's  ligament  is  indicated  superficially  by  the  fold  of  the  groin 
which  is  usually  distinct,  and  can  be  made  out  without  difficulty  even  in 
very  fat  persons.  Its  direction  is  downwards  and  inwards  obliquely 
from  the  anterior  superior  spine  to  the  spine  of  the  pubes ;  it  does  not 
describe  a  straight  line,  but  is  slightly  convex  downwards  and  outwards. 
Subdivisions  of  the  abdomen. — The  abdominal  cavity  may  be  sub- 
divided by  certain  conventional  planes  of  section,  the  direction  of  which  is 
indicated  bylines  on  the  surface  as  follows  (fig.  107).  Two  of  these  lines  are 
directed  horizontally  and  two  vertically.  The  level  of  the  upper  horizontal 
line  corresponds  on  each  side  to  the  lowest  point  of  the  tenth  costal  car- 
tilage, which  is  the  most  dependent  part  of  the  thorax  as  viewed  from  the 
front.  The  level  of  the  lower  horizontal  line  corresponds  on  each  side  to 
the  highest  point  of  the  iliac  crest ;  this  lies  about  two  and  a  half  inches 
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behind  the  anterior  superior  spine,  where  a  distinct  tubercle  can  usually 
be  felt  on  the  outer  aspect  of  the  crest.  The  vertical  lines  on  each  side 
are  erected  perpendicularly  to  the  horizontal  plane  of  the  body,  and  pass 
through  the  centre  of  Poupart's  ligament ;  they  have  therefore  been  called 
the  mid-Poupart  lines  (Cunningham).  Other  authorities  have  adopted 
lines  which  are  arranged  somewhat  differently,  but  these  appear  to  the 
author  the  most  convenient.  The  abdomen  is  in  this  way  subdivided 
into  nine  regions,  which  are,  beginning  above,  an  upper  zone  with  a  central 
or  epigastric  region,  bounded  laterally  by  the  right  and  left  hypochondriac 
regions ;  a  middle  zone,  with  a  central  or  umbilical  region,  bounded 
laterally  by  the  right  and  left  lumbar  regions  and  a  lower  zone,  with  a 
central  or  hypogastric  region,  bounded  laterally  by  the  right  and  left 
iliac  regions.  As  topographical  guides  for  the  viscera,  these  lines  have 
but  a  limited  value  ;  they  are  useful,  however,  in  so  far  as  they  facilitate 
the  descriptive  details  of  tumours  or  enlargements  of  the  viscera 
due  to  various  causes,  and  many  other  forms  of  intra-abdominal 
disease. 

THE  STRUCTURE  OF  THE  ABDOMINAL  WALL.— The  following  is  a 
general  resumt  of  the  structures  which  enter  into  the  composition  of  the  abdominal  wall. 

The  Skin  is  smooth,  thin,  and  movable  over  the  subjacent  parts.  Tn  the  pubic  region  it 
is  covered  with  hairs  in  both  sexes  after  puberty.  In  the  female  the  growth  of  hair  ceases 
rather  abruptly  in  the  pubic  region,  but  in  the  male  it  is  continued  up  to  the  umbilicus,  and  in 
some  cases  may  be  traced  beyond  this,  and  in  direct  continuity  with  the  hair  on  the  anterior 
aspect  of  the  chest.  In  old  persons  the  skin  loses  its  smooth  appearance  and  becomes  shrivelled 
and  wrinkled. 

The  Subcutaneous  Tissue  or  Superficial  Fascia  varies  greatly  in  different  individuals. 
Sometimes  it  is  very  abundant  and  voluminous,  especially  in  the  lower  abdominal  region,  and 
contains  a  large  quantity  of  fat ;  at  other  times  the  amount  of  fat  is  comparatively  scanty  in  amount. 
Usually  it  is  possible  to  demonstrate  its  subdivision  into  two  strata,  which  are  best  marked  in 
the  inguinal  region  ;  a  superficial  stratum  which  is  continuous  with  the  general  subcutaneous  fatty 
covering  of  the  body  (pannicuhis  adiposus),  and  a  deeper  layer,  which  is  more  membranous, 
contains  much  elastic  tissue  and  is  almost  devoid  of  fat ;  it  does  not  pass  down  uninterruptedly 
into  the  thigh  as  the  previous  layer,  but  is  attached  to  the  inner  half  of  Poupart's  ligament,  to  the 
anterior  aspect  of  the  fascia  lata  and  to  the  iliac  crest.  Internally  it  can  be  traced  as  a  thin  layer 
along  the  cord  over  the  penis  and  scrotum,  and  behind  these  into  the  perineum,  where  it  is  con- 
tinuous with  the  deep  layer  of  the  superficial  fascia  (Colles).  The  subcutaneous  tissues  are 
supplied  with  blood  from  numerous  sources.  The  area  above  the  umbilicus  receives  small  per- 
forating arteries  from  the  internal  mammary  and  from  its  terminal  divisions,  viz.,  the  superior 
epigastric  and  mtisculo-phrenic  arteries,  also  from  the  lower  intercostal  arteries.  From  below, 
three  small  branches  of  the  femoral  artery,  vi/.,  the  sttperficial  epigastric,  the  superficial  circumflex 
iliac,  and  the  superficial  external pudic,  ascend  to  the  abdominal  wall  and  ramify  in  its  superficial 
layers  (fig.  112).  In  addition  to  these  vessels,  some  small  branches  are  supplied  by  the  lumbar 
arteries  and  by  perforating  twigs  of  the  deep  epigastric.  The  various  arteries  anastomose  freely 
with  each  other. 

Superficial  Veins  corresponding  to  the  three  small  arteries  just  mentioned  converge  to  the 
region  of  the  saphenous  opening.  One  of  these,  the  superficial  epigastric  vein,  is  connected  at  the 
umbilicus  with  branches  of  the  deep  epigastric  vein,  and  through  this  with  the  para-umbilical  and 
vesical  veins. 

The  para-umbilical  veins  run  along  the  round  ligament  to  the  liver  and  communicate  with  the 
portal  vein.  They  are  fed  by  the  superficial  veins,  and  therefore  represent  a  connecting  link 
between  the  portal  and  systemic  venous  systems.  They  also  communicate  with  veins  which  pass 
up  behind  the  middle  line  from  the  bladder,  along  the  urachus. 

The  long  superficial  thoracico-epigastric  vein  is  a  vessel  which  communicates  below  with  the 
superficial  epigastric  or  femoral  vein,  above  with  the  long  thoracic  vein.  It  forms  a  long  vessel, 
— sometimes  it  is  double— which  descends  along  the  side  of  the  trunk.  Its  middle  segment  is 
devoid  of  valves.  Those  which  occupy  its  upper  part,  however,  help  to  direct  the  blood  to  the 
axilla,  those  in  its  lower  segment  direct  the  current  to  the  saphenous  opening.  Under  patho- 
logical conditions  both  sets  of  valves  may  be  rendered  incompetent. 

A  small  vein  may  sometimes  be  seen  ascending  vertically  between  the  umbilicus  and  the 
ensiform  cartilage  close  to  the  middle  line.  Below  it  communicates  with  the  para-umbilical 
veins,  and  above  it  is  connected  with  the  internal  mammary  vein. 

25 
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The  Abdominal  Muscles. — Lateral  group.— (i)  The  external  oblique  is  a  broad  flat 
muscle,  situated  upon  the  anterior  and  lateral  aspects  of  the  abdominal  wall  and  the  lower  thoracic 
region.  It  arises  from  the  outer  surfaces  of  the  eight  lower  ribs  by  a  series  of  slips,  which  inter- 
digitate  with  the  serratus  magnus  and  latissimus  dorsl  muscles.  It  obtains  insertion  in  the 
following  way.  Its  fibres  pass  forwards  and  downwards  with  a  gradually  increasing  obliquity  and 
give  place  to  a  flat  aponeurotic  tendon  which  is  inserted  into  the  linea  alba,  having  previously 
fused  with  the  anterior  wall  of  the  rectus  sheath.  Below,  it  is  attached  by  fleshy  fibres  into  the 
outer  lip  of  the  iliac  crest,  in  front  of  this  to  Poupart's  ligament,  the  pubic  spine,  and  the  front  of 
the  symphysis.  Between  its  two  latter  attachments  it  presents  an  oval  or  triangular  gap, — the 
external  abdominal  ring,  which  marks  the  outlet  of  the  inguinal  canal,  and  transmits  the  spermatic 
cord  in  the  male,  the  round  ligament  in  the  female.  Some  of  the  lower  tendinous  fibres  of  the 
muscle  cross  the  middle  line  and  obtain  attachment  to  the  crest  of  the  pubis  and  the  ilio-pectineal 
line  on  the  opposite  side.  They  enter  into  the  constitution  of  the  posterior  wall  of  the  inguinal 
canal,  and  form  what  is  known  as  the  triangular  fascia  of  Colles  (fig.  114). 

Poupart's  Ligament  marks  the  boundary  line  between  the  abdomen  and  the  thigh.  It  is 
formed  by  a  strong  band  of  fibrous  tissue  which  stretches  across  the  gap  between  the  anterior 
superior  spine  and  the  spine  of  the  pubis.  The  interspace  between  it  and  the  innominate  bone  is 
mainly  occupied  by  the  ilio-psoas  muscle  and  by  the  femoral  vessels.  Although  to  a  large  extent 
derived  from  the  external  oblique,  it  is  really  an  independent  structure,  and  furnishes  a  tendinous 
origin  for  some  of  the  lower  fibres  of  the  internal  oblique  and  transversalis  muscles.  A  con- 
siderable number  of  fascial  and  aponeurotic  layers  are  attached  to  it  also.  Above,  we  find  the 
fascia  transversalis  and  the/ascta  iliaca  ;  below,  the  fascia  lata.  The  skin  of  the  groin  also  is 
bound  down  to  it  by  stout  bands  of  fibrous  tissue.  An  offshoot  from  its  inner  extremity  obtains 
attachment  to  the  ilio-pectineal  line,  and  is  known  as  Gimbernafs  ligament.  This  is  a  small 
three-sided  layer,  which  lies  very  nearly  in  the  horizontal  plane.  Its  outer  margin  is  sharp  and 
bounds  the  femoral  ring  internally ;  its  upper  surface,  which  is  slightly  concave,  supports  the 
spermatic  cord,  and  helps  to  form  part  of  the  floor  of  the  inguinal  canal. 

(2)  The  internal  oblique  muscle  arises  from  the  outer  and  posterior  aspect  of  the  aponeurosis 
of  the  transversalis  muscle  (lumbar  aponeurosis),  from  the  anterior  two-thirds  of  the  middle  lip  of 
the  iliac  crest  and  from  the  outer  half  of  Poupart's  ligament.     The  main  direction  of  its  fibres  is 
upwards  and  inwards,  and  they  eventually  give  place  to  a  flat  tendon  or  aponeurosis  which  is 
inserted  from  above  downwards  as  follows  :  into  the  lower  borders  of  the  last  three  ribs  ;  into  the 
linea  alba  by  a  flat  tendon,  which  splits  into  two  laminae  to  enclose  the  rectus  Us  far  down  as  a  point 
midway  between  the  umbilicus  and  the  symphysis  pubis.     Below  this  point  the  entire  aponeurosis 
of  the  muscle  passes  in  front  of  the  rectus  and  is  inserted  into  the  linea  alba. 

The  lowest  part  of  the  muscle  is  directed  forwards  and  downwards,  and  its  aponeurosis  fuses 
with  that  of  the  transversalis  to  form  the  conjoined  tendon.  This  is  attached  to  the  anterior 
border  of  the  crest  of  the  pubis  and  to  the  adjoining  portion  of  the  ilio-pectineal  line.  The 
cremaster  is  mainly  derived  from  the  lower  part  of  this  muscle. 

(3)  The  transversalis  muscle  arises  from  the  inner  aspect  of  the  costal  cartilages  of  the  six  lower 
ribs  by  a  series  of  slips  which  interdigitate  with  those  of  the  diaphragm,  from  the  lumbar  aponeurosis, 
from  the  inner  lip  of  the  iliac  crest,  and  from  the  outer  half  of  Poupart's  ligament.     As  its  name 
implies,  its  fibres  run  transversely,  diverging  slightly,  however,  as  they  approach  their  insertion, 
which  is  mainly  into  the  linea  alba  as  follows.     From  the  ensiform  cartilage  to  a  point  midway 
between  the  umbilicus  and  the  symphysis  pubis  the  aponeurosis  of  the  muscle  fuses  with  the 
posterior  lamina  of  the  internal  oblique,  but  below  this  point  it  passes  with  the  aponeuroses  of 
the  other  flat  muscles  in  front  of  the  rectus,  leaving  the  lower  fourth  of  this  muscle  devoid  of 
sheath  behind,  and  applied  directly  against  the  fascia  transversalis.     The  lowest  portion  of  the 
transversalis  is  inserted  into  the  anterior  part  of  the  ilio-pectineal  line  in  conjunction  with  the 
internal  oblique  (conjoined  tendon). 

Anterior  Group. — (i)  The  rectus  abdominis  is  a  long  flat  muscle,  somewhat  wider  above 
than  below,  and  is  separated  from  its  neighbour  by  the  linea  alba.  It  is  enclosed  in  a  tendinous 
sheath,  which,  however,  is  not  complete,  but  is  deficient  behind  the  lower  fourth  of  the  muscle. 
It  arises  from  the  costal  cartilages  of  the  fifth,  sixth,  and  seventh  ribs  and  from  the  xiphoid  cartilage  ; 
it  is  inserted  into  the  anterior  aspect  of  the  crest  of  the  pubis  and  the  front  of  the  symphysis.  In 
its  upper  half  the  muscle  is  interrupted  by  tendinous  inscriptions — linete  transversa — which  are 
firmly  connected  with  the  anterior  wall  of  the  rectus  sheath  ;  behind,  however,  the  connection 
between  the  muscle  and  its  sheath  is  quite  loose  throughout. 

(2)  The  pyramidalis  muscle  is  inconstant.  It  is  triangular  in  shape,  and  lies  in  front  of 
the  rectus  but  within  its  aponeurotic  sheath.  It  arises  from  the  front  of  the  symphysis  and  is 
inserted  into  the  linea  alba. 

The  Rectus  Sheath  has  been  already  alluded  to,  and  it  will  merely  be  necessary  to  summarise 
the  main  facts  relating  to  it.  Where  the  rectus  covers  the  chest  its  investing  fascia  is  thin  and  is 
mainly  derived  from  the  fascia  of  the  pectoralis  major.  Between  the  thoracic  wall  and  a  point,  on 
an  average,  midway  between  the  umbilicus  and  symphysis  pubis  the  muscle  has  a  well  defined 
sheath,  formed,  in  front,  by  the  anterior  lamina  of  the  internal  oblique  and  by  the  aponeurosis  of 
the  external  oblique  ;  behind,  by  the  posterior  lamina  of  the  internal  oblique  and  by  the  trans- 
versalis. From  the  point  just  mentioned  down  to  the  pubis  the  aponeuroses  of  the  three  flat 
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muscles  pass  entirely  in  front  of  the  rectus,  and  to  this  extent,  therefore,  the  muscle  is  devoid  of 
•sheath  posteriorly.  In  addition  to  the  rectus  and  pyramidalis  muscles  the  sheath  contains  the 
terminations  of  the  six  lower  intercostal  nerves  and  of  the  last  dorsal  nerve,  the  deep  epigastric 
and  superior  epigastric  arteries. 

The  Linea  Alba  is  a  band  of  dense  connective  tissue  which  stretches  from  the  ensiform 
•cartilage  to  the  symphysis  pubis.  It  is  best  marked  above  ;  at  the  umbilicus  it  widens  out  slightly, 
but  below  this  it  is  extremely  narrow.  It  is  formed  by  the  fusion  of  the  aponeuroses  of  the  flat 
abdominal  muscles.  The  fibres  which  enter  into  its  composition  decussate  freely,  and  in  this 
way  no  doubt  contribute  materially  to  its  strength. 

The  Transversalis  Fascia  is  a  thin  membrane  which  lines  the  deep  aspect  of  the  abdominal 
parietes.  It  is  best  developed  over  the  lower  part  of  the  abdomen  where  the  muscles  are  weak 
and  to  some  extent  deficient.  It  is  also  rather  strong,  as  a  rule,  where  it  lies  behind  the 
umbilicus.  Below  the  termination  of  the  posterior  wall  of  the  rectus  sheath — semilunar  fold 
of  Douglas — it  is  in  immediate  relationship  with  the  muscle,  and  is  strongly  developed.  At  the 
upper  border  of  the  symphysis  it  is  separated  from  the  posterior  aspect  of  the  rectus,  however, 
by  an  interval  triangular  or  vertical  section,  which  contains  a  collection  of  fatty  tissue  (see  Supra- 
pubic  Cystotomy).  Above,  it  may  be  traced  to  the  under  surface  of  the  diaphragm,  where  it  becomes 
thin  and  indefinite.  Over  the  posterior  abdominal  wall  also  it  is  decidedly  attenuated,  and  may 
be  traced  into  the  loose  fatty  tissue  behind  the  kidney  and  colon.  Below,  it  is  attached  in  con- 
junction with  the  fascia  iliaca  into  the  inner  lip  of  the  iliac  crest  and  to  the  outer  half  of  Poupart's 
ligament.  Behind  the  inner  half  of  the  ligament  it  is  continued  into  the  thigh,  over  the  vessels 
forming  the  anterior  •wall  of  the  femoral  sheath,  and  more  internally  still,  it  is  attached  to 
Gimbernat's  ligament  and  to  the  anterior  part  of  the  ilio-pectineal  line.  At  a  point  about  half  an 
inch  above  the  centre  of  Poupart's  ligament  a  funnel-shaped  prolongation  of  this  fascia  is  prolonged 
into  the  inguinal  canal  along  the  cord  in  the  male,  along  the  round  ligament  in  the  female  ;  it  is 
known  as  the  inftindibiiliform  fascia,  and  its  point  of  exit  is  known  as  the  internal  abdominal 
ring. 

Blood-vessels.  —  (i)  The  Deep  Epigastric  Artery  arises  from  the  external  iliac  just  above 
Poupart's  ligament,  and  at  first  lies  in  the  subperitoneal  tissue  at  the  inner  side  of  the  internal 
abdominal  ring,  in  close  relation  to  the  posterior  wall  of  the  inguinal  canal  (fig.  114).  As  the 
vas  deferens  enters  the  abdomen  it  hooks  around  the  outer  side  of  this  artery.  The  vessel  is 
•directed  obliquely  upwards  and  inwards  with  its  two  venae  comites,  and  having  pierced  the  fascia 
transversalis,  it  crosses  the  semilunar  fold  of  Douglas  and  enters  the  rectus  sheath,  within  which  it 
pursues  a  vertical  course  and  anastomoses  freely  with  the  superior  epigastric  branch  of  the  internal 
mammary  artery. 

Its  principal  named  branches  are  (a)  Cremasteric :  this  vessel  enters  the  inguinal  canal, 
supplies  the  cremaster  muscle,  and  anastomoses  with  the  spermatic  and  inferior  external  pudic 
arteries,  (b)  Pubic :  this  artery  passes  beside  the  femoral  ring  to  the  back  of  the  pubis,  where  it 
forms  an  anastomosis  with  the  pubic  branch  of  the  obturator  artery  and  with  its  neighbour 
of  the  opposite  side,  (c)  Muscular  branches  to  the  rectus,  oblique  and  transversalis  muscles, 
(d)  Cutaneous  branches,  which  perforate  the  rectus  and  ramify  within  the  subcutaneous  tissue. 

The  deep  epigastric  artery  has  very  important  relationships  in  connection  with  inguinal 
and  femoral  hernias,  and  to  the  sections  dealing  with  these  subjects  the  attention  of  the  reader 
is  directed. 

(2)  The  Superior  Epigastric  Artery  is  one  of  the  terminal  branches  of  the  internal  mammary  : 
it  reaches  the  posterior  surface  of  the   rectus  by  passing   behind   the  seventh  costal  cartilage 
through   the   costo-xiphoid   interval  in  the  diaphragm,  and  descends  within  the  rectus  sheath, 
anastomosing  freely  with  the  deep  epigastric  artery. 

(3)  The  Deep  Circumflex  Iliac  Artery  arises  from  the  outer  aspect  of  the  external  iliac,  opposite 
the  origin  of  the  deep  epigastric.     It  runs  outwards  and  slightly  upwards  with  its  companion  veins 
immediately  above  Poupart's  ligament,  lying  in  the  extraperitoneal  tissue  or  in  a  fibrous  canal 
formed  by  the  fascia  transversalis  and  the  fascia  iliaca.    It  pierces  the  transversalis  muscle  and  runs 
between  it  and  the  internal  oblique.     A  short  distance  above  the  iliac  crest,  and  near  the  anterior 
superioi  spine,  it  gives  off  an  ascending  branch  of  some  size — the  lateral  Epigastric  Artery  (Stieda) 
— which  anastomoses  with  the  lumbar  and  lower  intercostal  arteries.     Another  important  branch 
is  distributed  in  the  iliac  fossa,  and  anastomoses  with  the  ilio-lumbar  artery  (internal  iliac}. 

(4)  Lumbar  Arteries. — The  abdominal  branches  of  the  four  lumbar  arteries  run  forwards 
in   the  abdominal   wall   between   the   transversalis   muscle   and   the    internal    oblique.     They 
anastomose  with  the  lower  intercostal,  ilio-lumbar,  deep  circumflex  iliac,  and  deep  epigastric 
arteries.      (5)  The  three.  Lower  Intercostal  Arteries  are  also  continued  forwards  on  the  same 
plane  with  these,  but  at  a  higher  level  and  in  company  with  the  corresponding  nerves.      . 

Nerves. — The  anterior  portions  oithe  six  lower  intercostal  nerves  are  continued  forwards  from 
their  respective  spaces  into  the  abdominal  wall,  and  are  accompanied  by  the  last  dorsal  nerve. 
They  run  between  the  internal  oblique  and  transversalis  to  the  outer  margin  of  the  rectus.  They 
enter  its  sheath  on  its  deep  aspect  and  supply  the  rectus  muscle,  after  which  they  pass 
forwards  to  pierce  the  anterior  wall  of  the  sheath  and  terminate  by  fine  ramifications  in  the 
subcutaneous  tissue  and  the  skin  of  the  anterior  abdominal  wall.  They  also  give  lateral 
cutaneous  branches  to  the  skin  of  the  abdomen  and  supply  the  three  flat  muscles.  The 
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lateral  cutaneous  branch  of  the  last  dorsal  nerve,  however,  crosses  the  iliac  crest  and  supplies 
portion  of  the  skin  in  the  gluteal  region. 

The  Ilio-Hypogastric  and  Ilio-Inguinal  nerves  are  derived  from  the  first  lumbar  nerve. 

The  ilio-hypogastric  runs  forwards  in  the  abdominal  wall  near  the  upper  margin  of  the 
iliac  crest.  It  divides  into  two  branches  :  (a)  an  iliac  branch,  which  crosses  the  iliac  crest  and  is- 
distributed  to  an  area  of  skin  in  the  fore  part  of  the  gluteal  region  ;  (b)  a  hypogastric  branch, 
which  is  continued  forwards  to  a  point  about  an  inch  above  the  external  abdominal  ring,  where  it 
pierces  the  aponeurosis  of  the  external  oblique  and  supplies  a  small  area  of  the  overlying  skin. 

The  ilio-inguinal  nerve  crosses  the  upper  part  of  the  iliac  fossa,  and  enters  the  abdominal 
wall.  Having  pierced  the  transversalis  and  internal  oblique  muscles,  it  runs  forwards  beneath  the 
aponeurosis  of  the  external  oblique  immediately  above  Poupart's  ligament.  Finally  it  emerges 
through  the  external  abdominal  ring  and  divides  into  branches,  which  are  distributed  to  the  skin 
of  the  scrotum  in  the  male,  of  the  labium  majus  in  the  female  and  of  the  upper  part  of  the 
adductor  region  of  the  thigh. 

The  skin  overlying  the  abdomen  has  a  great  capacity  for  stretching. 
In  pregnancy  this  takes  place  to  an  excessive  degree,  so  much  so  that 
the  skin  never  again  returns  to  its  former  condition,  but  exhibits  per- 
manent traces  of  its  overdistended  state.  These  are,  first  of  all,  a 
wrinkled  appearance,  which  is  due  to  loss  of  elasticity,  and  secondly,  a 
number  of  silvery  streaks — linece  albicantes — which  are  best  seen  over  the 
lower  abdominal  region.  The  lines  of  cleavage  of  the  skin  over  the  front 
of  the  abdomen  are  mainly  directed,  according  to  Langer.  from  above 
and  behind,  downwards  and  forwards,  converging  towards  the  middle 
line.  When  the  skin  is  greatly  distended,  the  streaks  which  appear  are 
elliptical  or  oval  in  outline  with  pointed  extremities,  they  follow  the 
direction  of  these  lines,  and  are  evidently  due  to  a  forcible  drawing  apart 
of  the  overstretched  bundles  of  connective  tissue,  and  not  to  a  solution  of 
continuity.  The  minute  blood-vessels  within  these  'areas  are  over- 
stretched also,  the  vitality  of  the  part  consequently  suffers,  and  this  no- 
doubt  helps  to  explain  the  pale  cicatricial  appearance  which  these 
patches  subsequently  assume.  They  may  occur  independently  of  preg- 
nancy, with  ascites,  ovarian  cysts,  and  other  conditions  which  cause  great 
abdominal  distension. 

The  subcutaneous  veins  of  the  abdomen,  which  have  been 
enumerated  and  described  above,  communicate  indirectly  at  the 
umbilicus  with  the  portal  vein  by  means  of  the  para-umbilical  veins. 
When  the  portal  circulation  is  obstructed,  as  in  interstitial  hepatitis  for 
example,  these  communications  act  as  a  sort  of  safety-valve,  and  a  large 
amount  of  the  portal  blood  finds  its  way  to  the  superficial  abdominal 
veins  in  the  vicinity  of  the  umbilicus.  These  sometimes  assume  in 
consequence  an  overdistended,  almost  varicose  appearance,  which  has 
obtained  the  rather  fanciful  name  of  '  Caput  Medusa.'  Surgeons  have 
attempted  to  create  an  artificial  anastomosis  between  the  portal  and 
systemic  venous  systems  by  bringing  a  portion  of  the  great  omentum 
into  contact  with  the  subcutaneous  tissue  of  the  abdominal  wall.  As  the 
process  of  healing  takes  place,  an  interchange  of  small  vessels  is  effected 
between  the  omentum  and  subcutaneous  tissue,  but  it  is  doubtful  if  it  is 
sufficient  to  afford  very  much  relief  to  the  portal  current.  Moreover, 
the  cicatricial  changes  which  take  place  during  the  healing  of  the  wound 
would  probably  lead  to  the  obliteration  of  any  channels  thus  established. 
The  long  thoracico-epigastric  vein  may  become  very  much  distended  if 
for  any  reason  the  blood-flow  in  the  inferior  vena  cava  is  obstructed. 
The  author,  however,  has  seen  this  vein  very  much  distended  in  many  cases 
where  there  was  no  reason  to  suspect  either  caval  or  portal  obstruction. 
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Abscesses  involving  the  abdominal  wall  may  be  classified,  accord- 
ing to  their  relative  positions,  into  three  groups — (i)  Subcutaneous, 
(2)  Intermuscular  or  Interstitial,  and  (3)  Extraperitoneal,  i,e.  between 
the  peritoneum  and  the  fascia  transversalis.  Superficial  abscesses  are 
usually  circumscribed  and  of  limited  extent.  Not  infrequently  they 
originate  in  the  sebaceous  glands  of  the  skin,  and  are  most  commonly 
observed  at  the  umbilicus.  A  diffuse  form  of  inflammation  may  extend 
to  the  abdominal  wall  from  the  perineum  in  cases  of  urinary  extrava- 
sation. The  urine  is  confined  at  first  beneath  the  deep  layer  of  the  super- 
ficial fascia  in  the  perineum  (fascia  of  Colles],  and  as  this  presents  very 
definite  attachments  behind  to  the  triangular  ligament,  and  laterally  to 
the  pubic  arch,  the  extravasation  has  no  alternative  but  to  advance  over 
the  scrotum  and  penis,  and  along  the  spermatic  cords  to  the  front  of  the 
abdomen,  where  it  speads  beneath  the  deeper  layer  of  the  superficial 
fascia  (fascia  of  Scarpd).  As  this  is  attached  to  Poupart's  ligament,  to 
the  fascia  lata  and  to  the  iliac  crest,  the  urine  cannot  make  its  way  down 
the  thigh,  but  is  forced  to  seek  a  higher  level.  It  causes  an  acutely 
diffused  form  of  inflammation,  acompanied  by  suppuration  and  sloughing 
of  the  infiltrated  tissues,  which  may  assume  a  very  grave  character 
unless  early  and  free  incisions  are  made  and  adequate  drainage  pro- 
vided. 

The  superficial  lymphatics  in  the  abdominal  wall  occasionally 
convey  the  active  agents  of  inflammation,  namely,  bacteria  and  their 
toxins,  and  also  the  germs  of  cancer  to  the  lymphatic  glands,  which  lie 
in  the  direction  of  their  lymph  stream.  These  vessels,  below  the 
umbilicus,  pass  downwards  to  the  inguinal  glands,  which  are  scattered 
along  Poupart's  ligament  and  occupy  its  immediate  vicinity.  The 
superficial  lymphatics  above  the  level  of  the  umbilicus  are  directed 
upwards  and  outwards,  and  accompany  the  anterior  and  lateral  lym- 
phatics of  the  thoracic  wall  to  the  axillary  glands. 

Interstitial  abscesses  are  usually  the  result  of  a  wound  or  injury, 
and  are  not  very  common.  Suppuration  occurring  between  the  flat 
muscles  has  little  difficulty  in  spreading  along  the  thin  planes  of 
connective  tissue  which  separate  these  muscles  from  each  other.  An 
abscess  of  this  variety  may  have  tracked  its  way  forwards  from  the 
spinal  column  following  caries  of  one  or  more  of  the  lumbar  vertebrae. 
The  lumbar  arteries  may  possibly  determine  this  path. 

Extraperitoneal  abscesses  are  of  serious  moment,  and  can  usually 
be  traced  to  some  coexisting  inflammatory  condition  within  the  abdomen. 
In  the  upper  part  of  the  cavity  this  may  have  its  origin  in  the  liver  or 
an  adherent  gall-bladder;  lower  down  it  may  come  from  some  of  the 
pelvic  structures,  such  as  the  broad  ligament  of  the  uterus  in  cases  of 
cellulitis  (para-metritis),  from  the  bladder  by  an  upward  extension  along 
the  retropubic  tissue  which  occupies  the  space  between  the  symphysis 
pubis  and  the  antero-inferior  aspect  of  the  bladder  (Space  of  Retzius),  or 
from  the  bony  parts  in  the  upper  pelvic  region.  Suppuration  in  the 
loose  extraperitoneal  tissue  meets  with  but  little  obstruction  to  its 
progress,  and  consequently  may  spread  over  an  extensive  area.  At  the 
same  time,  however,  it  is  somewhat  surprising  the  frequency  with  which 
these  abscesses  succeed  in  reaching  the  outer  surface  of  the  body  rather 
than  the  interior  of  the  abdomen. 
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The  fatty  tissue  which  surrounds  the  kidney  is  continuous  with  the 
neighbouring  extraperitoneal  tissue,  and  this  explains  the  occasional 
extension  of  a  perinephric  abscess  to  the  abdominal  wall.  Several  cases 
are  on  record  where  large  abscesses  pointing  in  the  region  between  the 
last  rib  and  the  iliac  crest,  have  been  found  to  contain  in  their  interior 
a  renal  calculus,  which  had  ulcerated  either  through  the  renal  tissue,  or 
more  likely,  perhaps,  through  the  dilated  pelvis  of  the  ureter. 

An  inflamed  appendix  or  caecum  which  has  become  adherent  within 
the  right  iliac  fossa  may  be  the  starting-point  of  an  abscess,  and  this,  in 
turn,  may  invade  the  extraperitoneal  tissue  of  the  fossa  and  gradually 
make  its  way  to  the  surface — (see  Iliac  Fossa). 

The  abdominal  muscles  collectively  form  an  elastic  and  contractile 
layer  which  surrounds  the  abdominal  cavity  and  protects  its  contents.  By 
the  pressure  which  these  muscles  exercise  upon  the  viscera  they  help  to 
maintain  them  in  their  relative  positions  with  regard  to  each  other,  and 
the  peristaltic  contractions  of  the  hollow  viscera  are  supplemented  by  the 
steady  uniform  pressure  to  which  they  are  subjected,  as  for  example  in 
the  act  of  micturition  or  defaecation.  When  the  abdominal  wall  is 
greatly  relaxed,  owing  to  the  muscles  having  to  a  large  extent  lost  their 
tonicity,  the  viscera  being  badly  supported,  have  a  tendency  to  gravitate 
to  the  most  dependent  parts,  and  to  occupy  permanently  a  lower  level 
within  the  abdomen ;  this  condition  is  known  as  enteroptosis.  The  normal 
position  and  fixity  of  the  kidneys  are,  to  a  large  extent,  maintained 
by  the  pressure  of  the  abdominal  muscles  and  of  the  viscera  which 
immediately  surround  these  organs,  and  there  is  little  doubt  that  an 
atonic  state  of  the  abdominal  wall  associated  with  altered  internal 
abdominal  pressure  is  the  main  predisposing  cause  of  the  condition 
known  as  movable  kidney. 

The  movements  of  the  abdominal  muscles  take  place  alternately  with 
the  diaphragm,  they  must  therefore  be  regarded  as  promoting  the  ex- 
piratory movements  of  the  thorax.  Normal  expiration  is  largely  the 
result  of  the  elastic  recoil  of  the  lungs  and  chest  wall.  In  emphysema, 
however,  when  the  lungs  to  a  large  extent  lose  their  elasticity,  the 
abdominal  muscles  come  into  action  and  endeavour  to  make  up  for  this 
loss.  They  effect  a  diminution  of  the  intrathoracic  space  by  narrowing 
the  lower  thoracic  zone  and  by  pushing  up  the  diaphragm  by  means  of 
the  increased  pressure  brought  to  bear  upon  the  abdominal  contents. 
This  adjuvant  action  on  the  part  of  the  abdominal  muscles  is  very 
evident  in  a  broken-winded  horse.  The  lungs  of  the  animal  are  in  an 
emphysematous  state,  and  the  heaving  movements  of  the  abdominal  wall 
are  merely  the  expression  of  increased  expiratory  efforts. 

Contraction  of  the  abdominal  muscles  may  be  very  forcible,  and  may 
even  lead  to  partial  rupture  of  some  of  their  fibres.  This  accident  is 
most  common  in  the  recti ;  it  has  been  observed  during  parturition  and 
in  other  conditions  demanding  great  muscular  strain. 

The  anterior  abdominal  muscles  help  to  approximate  the  lower  thor- 
acic region  and  the  pelvis,  acting  antagonistically  to  the  posterior  spinal 
muscles.  This  is  well  seen  when  an  individual,  owing  to  a  momentary 
loss  of  equilibrium,  tends  to  fall  backwards,  as  in  skating  or  when  walk- 
ing upon  a  sh'ppery  surface.  The  abdominal  muscles  counteract  this 
tendency,  and  by  the  powerful  effort  which  they  put  forth  they  draw 
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forwards  the  thoracic  segment  of  the  trunk,  and  may  even  tear  in  the 
attempt. 

The  abdominal  muscles,  when  contracted,  connect  the  thorax  and 
pelvis  very  firmly  together,  and  render  the  entire  trunk  very  rigid. 
This  is  a  matter  of  constant  occurrence  in  certain  exercises  and  occupa- 
tions in  which  the  arms  are  made  to  swing  backwards  and  forwards, 
while  at  the  same  time  a  great  amount  of  force  is  expended,  as  for 
example  in  wielding  a  sledge  hammer  or  throwing  heavy  weights. 

The  flat  muscles  cross  one  another  at  various  angles,  in  consequence 
of  the  different  direction  which  their  fibres  pursue,  viz.,  forwards  and  down- 
wards (external  oblique),  forwards  and  upwards  (internal  oblique],  directly 
forwards  (transversalis}.  This  arrangement  gives  the  abdominal  wall 
increased  strength,  and  the  risk  of  hernial  protrusions  taking  place  be- 
tween separated  muscular  bundles  is  greatly  diminished. 

The  nerves  which  supply  the  abdominal  wall,  as  already  stated, 
are  derived  from  the  lower  seven  dorsal  and  first  lumbar  nerves.  They 
supply  not  only  the  muscles  but  also  the  overlying  skin.  This  identity 
in  nervous  supply  is  a  circumstance  which  greatly  favours  reflex  muscular 
action.  Even  a  moderate  stimulus  applied  to  the  surface — palpating 
with  a  cold  hand,  for  example — is  sufficient  to  throw  the  abdominal  wall 
into  a  state  of  rigid  contraction.  This  fact  has  a  very  important 
practical  significance  when  one  recollects  that  the  protection  afforded  to 
the  abdominal  viscera  by  the  overlying  muscles  is  most  effective  when 
these  are  rigid  and  contracted.  A  blow  on  the  abdomen  is  much  more 
liable  to  do  harm  if  it  is  inflicted  when  the  abdominal  muscles  are  off 
their  guard  and  the  abdominal  walls  consequently  lax.  One  may 
consider  the  cutaneous  nerves  of  the  abdomen  so  as  many  sentinels 
constantly  on  the  watch.  On  the  first  intimation  of  danger  the  muscles 
contract,  the  resisting  power  of  the  abdominal  wall  is  greatly  increased, 
and  the  viscera  are  much  better  protected  from  harm. 

A  connection  also  exists  between  the  nervous  supply  of  the 
abdominal  wall  and  that  of  its  contents.  Within  the  thorax  the  inter- 
costal nerves  from  the  fifth  to  the  twelfth  are  connected  by  means  of 
communicating  branches  with  the  corresponding  thoracic  sympathetic 
ganglia.  These  give  off  a  series  of  branches  which  are  directed  inwards 
and  form  the  Splanchnic  nerves,  which  pierce  the  crus  of  the  diaphragm 
on  each  side  and  reach  the  great  solar  plexus  within  the  abdomen  which 
supplies,  either  directly  or  indirectly  through  its  offshoots,  the  viscera  and 
the  peritoneum  which  covers  them.  When  the  viscera  are  injured,  or  if 
peritonitis  should  develop,  the  abdominal  muscles  become  strongly  con- 
tracted, they  exert  a  uniform  pressure  over  the  injured  or  inflamed  parts, 
acting  as  splints,  as  it  were,  and  preventing  movement  as  much  as  possible. 
They  appear  almost  immobile,  abdominal  respiration  is  in  abeyance, 
the  lower  ribs  are  fixed,  and  the  respiratory  movements  are  mainly  con- 
fined to  the  upper  thoracic  region.  Here,  then,  is  another  valuable 
mechanism  provided  by  the  nervous  system,  where  by  reflex  action 
inflamed  and  injured  parts  are  kept  at  rest,  and  an  attempt  is  made  to 
promote  recovery  by  this,  the  greatest  of  nature's  remedies. 

Pain,  referred  to  the  front  of  the  abdomen,  is  not  uncommonly  an 
early  symptom  in  spinal  caries,  and  is  indicative  of  pressure  upon  the 
main  trunks  of  the  intercostal  nerves.  Unless  this  fact  be  borne  in  mind 
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a  serious  mistake  in  diagnosis  may  arise,  and  the  real  nature  of  the  case 
remain  unsuspected.  It  is  a  wise  precaution,  therefore,  in  all  cases  of 
vague  pain  referred  to  the  anterior  abdominal  region,  to  examine  the 
spine.  Long  before  any  perceptible  angular  curvature  can  be  noted,  one 
may  find  an  unmistakable  degree  of  rigidity  or  some  loss  in  the  normal 
flexibility  of  the  spine  which  is  a  valuable  diagnostic  symptom  of  this 
disease.  Occasionally  the  sensation  which  is  experienced  by  the  patient 
is  not  so  much  one  of  pain  as  of  a  tight  constriction  of  the  body.  The 
site  of  pain  or  constriction  may  also  furnish  a  valuable  indication  as  to 
the  part  of  the  spine  affected ;  thus  the  skin  around  the  umbilicus  is 
supplied  by  the  tenth  dorsal  nerve,  that  in  the  epigastrium  by  the  sixth 
and  seventh  dorsal  nerves. 

The  blood-vessels  distributed  throughout  the  abdominal  wall 
anastomose  freely  with  each  other,  and  in  addition  some  of  them  anas- 
tomose within  the  subperitoneal  tissue  with  the  vessels  distributed  to 
certain  of  the  viscera  which  are  devoid  of  peritoneum  posteriorly  ;  thus 
the  hepatic  artery  anastomoses  with  the  arteries  in  the  diaphragm  and 
with  the  lower  intercostals,  the  renal  and  suprarenal  arteries  anastomose 
with  the  lower  intercostal  and  lumbar  arteries,  and  the  vessels  supplying 
the  ascending  and  descending  segments  of  the  colon  anastomose  with 
the  ilio-lumbar,  circumflex  iliac,  and  lumbar  arteries.  These  anastomoses 
explain  why  local  hyperaemia  excited  by  hot  poultices  applied  to  the 
lumbar  region,  or  the  extraction  of  blood  by  wet  cupping  in  the  same 
region,  affords  relief  in  cases  of  hepatic  and  renal  inflammation.  The 
most  striking  anastomosis,  however,  is  that  between  the  deep  and 
superior  epigastric  arteries  within  the  rectus  sheath.  These  vessels 
connect  two  large  arterial  trunks  which  are  widely  separated  from  each 
other,  namely,  the  subclavian  artery  above  and  the  external  iliac  artery 
below — see  the  Internal  Mammary  Artery,  p.  348. 

The  deep  epigastric  artery  takes  a  prominent  place  in  the  anatomy 
of  the  inguinal  canal  and  inguinal  hernia,  and  its  further  consideration 
will  be  postponed  until  the  reader  comes  to  study  the  sections  dealing 
with  these  subjects. 

Abdominal  Incisions. — The  main  essentials  in  an  incision  traversing 
the  abdominal  parietes  are  as  follows: — (i)  It  should  give  free  access  to 
the  deeper  parts  towards  which  the  aim  of  the  operation  is  directed. 
(2)  It  should,  if  possible,  be  so  arranged  as  not  to  divide  the  muscles 
transversely,  but  should  follow  the  direction  of  their  fibres.  (3)  It  should 
respect  the  nerves  which  supply  the  muscles  of  the  abdominal  wall. 
(4)  It  should  avoid  the  known  paths  of  the  more  pretentious  blood- 
vessels, the  deep  epigastric  being  by  far  the  most  important. 

The  main  object  of  these  rules  is  to  avoid  the  development  of  a 
ventral  hernia  at  the  site  of  the  wound,  a  by  no  means  uncommon  sequela 
of  abdominal  operations.  Should  the  parietal  incision  have  been  directed 
transversely  to  the  direction  of  the  muscles,  the  scar  which  marked  the 
healed  wound  may  at  first  look  quite  satisfactory,  but  sooner  or  later  it 
is  certain  to  yield  to  the  intra-abdominal  pressure.  By  degrees  the 
process  of  stretching  goes  on  until  at  length  a  well  defined  bulging 
indicates  that  a  ventral  hernia  has  made  its  appearance. 

It  will  be  instructive  here  to  review  briefly  some  of  the  more  frequently 
employed  abdominal  incisions. 
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1.  The  Middle  Line. — This  is  certainly  the  most  frequent  site  selected 
for  opening  the  abdomen.     Above  the  umbilicus  the  incision  will  afford 
access  to  the  stomach,  especially  its  pyloric  extremity,  the  transverse 
colon,  the  liver  and  gall-bladder,  and  the  pancreas.    The  structures  which 
are  divided  are  the  skin  and  subcutaneous  tissue,  the  linea  alba,  which  is 
widest  here,  the  fascia  transversalis,  the  extraperitoneal  fat,  and  the  peri- 
toneum.    No  vessel  of  importance  is  divided,  if  we  except,  however,  an 
occasional  unobliterated  umbilical  vein.    Below  the  umbilicus  the  two  recti 
are  quite  close  together,  the  linea  alba  at  this  level  is  reduced  to  an  inter- 
muscular  septum,  and  consequently  an  incision  here  invariably  exposes 
the  inner  margin  of  one  or  other  rectus.    This  is  an  advantage  as  regards 
the  healing  of  the  wound,  as  the  muscular  tissue  helps  to  make  a  strong 
cicatrix,  and  there  is  perhaps  on  the  whole  less  tendency  to  a  ventral 
hernia  here  than  above  the  umbilicus  where  both  margins  of  the  wound 
are   aponeurotic.      This   median   incision  below  the  umbilicus  is  very 
commonly  employed  in  operations  upon  the  uterus  and  the  structures 
contained   within   the   broad   ligaments   and   upon    the   intestines.      If 
made  low  down,  immediately  above  the  symphysis  pubis,  it  will  give 
access  to  the  bladder.      Unless  it   is   expressly  desired  to  reach   this 
viscus,  it  is  advisable  that  it  should  be  emptied  on  all  occasions  before 
operation  when  an  incision  is  to  be  made  in  the  middle  line  below  the 
umbilicus. 

2.  The  Linea  Semilunaris. — This  site  is  not  infrequently  selected 
for   incision  on  account  of  the  excellent  access  which  it  provides  to 
certain  of  the  deeper  parts,  especially  the  kidney.     On  the  right  side, 
just  below  the  costal  margin,  an  incision  in  this  line  will  be  found  to 
expose  the  gall-bladder  region  very  satisfactorily,  while  still  lower  down, 
viz.,  below  the  umbilicus  on  the  same  side,  an  incision  in  the  same  line 
will  expose  the  caecum  and  the  vermiform  appendix.     A  corresponding 
incision  on  the  left  side  would  give  good  access  to  the  kidney,  the  spleen, 
and  the  descending  segment  of  the  colon.     Indeed,  the  only  advantage 
which  can  be  claimed  for  these  incisions  is,  that  they  give  such  good 
access  to  the  deeper  structures,  and  this,  doubtless,  in  many  cases,  must 
outweigh  all  other  considerations.    An  incision  in  the  semilunar  line,  how- 
ever, has  many  defects,  when  regarded  in  connection  with  the  abdominal 
wall.     As  it  divides  the  aponeuroses  of  the  flat  muscles  at  right  angles 
to  the  direction  of  their  fibres,  these  subsequently  exercise  a  considerable 
degree  of  traction  upon  the  cicatrix.     Furthermore  this  incision  crosses 
the  path  of  certain  of  the  lower  intercostal  nerves  which  enter  its  sheath 
and  supply  the  rectus  muscle,  and  the  partial  paralysis  which  inevitably 
follows  will  have  a  weakening  tendency  upon  the  abdominal  wall.     In 
fact,  all  these  circumstances  taken  together  favour  the  development  of  a 
ventral  hernia.     For  these  reasons  an  incision  in  the  semilunar  line  is 
inferior  to  one  in  the  middle  line.     The  structures  which  are  divided  are 
the  skin,  the  subcutaneous  tissue,  and  the  aponeuroses  of  the  flat  abdom- 
inal muscles.     For  some  distance  below  the  thoracic  margin,  however, 
the  fleshy  fibres  of  the  transversalis  muscle  are  carried  in  behind  the 
rectus  sheath,  where  they  end  in  a  tendon  which  fuses  with  the  sheath,  and 
is  then  continued  into  the  linea  alba.     The  abdominal  branches  of  some 
of  the  lower  intercostal  nerves  are  also  divided,  and  lastly  the  transversalis 
fascia,  the  extraperitoneal  fat,  and  the  peritoneum.     When  the  incision  is 
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made  below  the  level  of  the  umbilicus,  it  should  not  be  forgotten  that  the 
deep  epigastric  artery  crosses  the  semilunar  line. 

3.  Through    the    Rectus   Sheath   and  the   Rectus    Muscle. — A 
vertical  incision  through  these  parts  is  much  less  open  to  objection  than 
one  through  the  linea  semilunaris.     The  nearer  it  is  made  to  the  middle 
line   the   better.     The   parts   which   are   divided    after    the   superficial 
structures  are,  the  anterior  wall  of  the  rectus  sheath,  which  is  closely 
adherent  to  the  muscle  at  the  lines  of  tendinous  intersection.     The  rectus 
is  carefully  divided,  or  rather  its  fibres  are  separated  by  the  aid  of  the 
handle  of  the  scalpel  throughout  the  length  of  the  wound,  and  if  the 
epigastric  vessels  are  seen,  they  are  carefully  drawn  aside.     The  posterior 
wall  of  the  sheath  is  next  divided,  and  behind  it  one  may  encounter,  if 
high  up,  some  fleshy  fibres  of  the  transversalis.     There  only  remain  now 
the  transversalis  fascia,  extraperitoneal  fat,  and  peritoneum.     The  edges 
of  this  incision  come  readily  together,  when  the  wound  heals  it  leaves  a 
sound  resisting  cicatrix,  and  the  risk  of  ventral  hernia  is  greatly  diminished. 
As  a  considerable  depth  of  tissue  is  traversed,  one  will  necessarily  be 
cramped  in  the  intra-abdominal  manipulations  unless  the  incision  be 
made  fairly  long.    This  route  is  the  one  usually  selected  in  the  operation 
of  gastrostomy  (p.  441).     A  modification  of  this  incision  is  described 
with  the  operation  for  the  removal  of  the  vermiform  appendix  (p.  486). 

4.  Transverse  or  Oblique  Incision. — An  incision  directed  with   a 
slight  degree  of  obliquity  through  the  abdominal  wall,  below  and  parallel 
to  the  costal  arch,  is  strongly  advocated  by  Kocher.     In  its  outer  part  this 
incision  traverses  the  three  flat  muscles,  and  further  forwards  the  rectus 
muscle  and  its   sheath.     It   is   adapted   for   operations  upon   the  liver, 
biliary  passages,  and  pyloric  end  of  the  stomach  ;  it  affords  excellent 
room  for  intra-abdominal  work,  and   has   the  great   advantage   of  not 
dividing  the  nerves  which  supply  the  rectus — with  the  exception  perhaps 
of  the  ninth  dorsal — as  it  lies  almost  parallel  to  their  course.     The  chief 
defect  in  this  incision,  however,  is  the  cross  section  of  the  rectus.     The 
divided  muscle  retracts  greatly,  and  in  muscular  subjects  it  may  be  very 
difficult  to  approximate  and  adjust  the  edges  of  the  wound  in  the  suturing 
process.      Kocher,  however,  considers  that  a  transverse  rectus  incision 
merely  leaves  an  artificial  tendinous  intersection,  which  does  not  weaken 
the  muscle  to  any  appreciable  extent.     A  modification  of  this  incision  is 
sometimes  carried  out  as  follows.     In  the  front  part  of  the  wound,  the 
tissues  are  divided  down  to  and  including  the  anterior  wall  of  the  rectus 
sheath.      The  outer  margin  of  the  rectus  is  defined,  and  by  means  of 
a  retractor  it  is  drawn  well  inwards  towards  the  middle  line.      The 
posterior  wall  of  the  sheath  and  the  superior  epigastric  artery  are  ex- 
posed and  divided,  also  some  fleshy  fibres  of  the  transversalis  muscle, 
and  lastly  the  transversalis  fascia,  the  extraperitoneal  fat,  and  the  peri- 
toneum.    When  the  operation  is  completed  the  gap  in  the  rectus  sheath 
posteriorly  is  sutured  carefully  and  the  muscle  is  allowed  to  glide  back 
and  resume  its  original  position,  overlying  and  protecting  part  of  the 
suture  line.     Whenever  it  is  possible,  this  device  should  be  adopted  in 
preference  to  a  free  transverse  division  of  the  muscle. 

5.  In  the  Lumbar  Region  or  Costo-iliac  Space. — Incisions  at  this 
level  are  usually  employed  when  it  is  desired  to  reach  the  extraperitoneal 
aspect  of  the  kidney  or  colon.     The  depth  of  tissue  traversed  is  consider- 
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able,  especially  in  fat  individuals,  or  if  the  muscles  are  strongly  developed. 
The  available  space  also  is  sometimes  diminished  considerably  when  the 
last  rib  and  iliac  crest  are  separated  by  a  narrower  interval  than  usual,  a 
condition  met  with  in  many  female  subjects.  The  incision  which  is  made 
to  reach  the  kidney  is  usually  directed  from  the  angle  between  the  twelfth 
rib  and  the  outer  border  of  the  erector  spinae  above,  with  an  inclination 
downwards  and  forwards  towards  the  anterior  extremity  of  the  iliac  crest, 
and  its  length  is  about  four  to  five  inches.  The  incision  for  colostomy  is 
less  oblique;  it  lies  midway  between  the  last  rib  and  the  iliac  crest,  and  at 
its  centre  crosses  the  line  which  indicates  the  path  of  the  colon  (p.  494). 
The  incision  traverses  the  skin  and  subcutaneous  tissue,  which  in  some 
cases  is  a  very  deep  layer.  The  anterior  fibres  of  the  latissimus  dorsi 
are  divided  in  the  posterior  part  of  the  wound  and  the  posterior  fibres 
of  the  external  oblique  in  front.  The  sheath  of  the  erector  spinae  is 
exposed,  but  should  not  be  divided.  The  next  stratum  consists  of  the 
internal  oblique,  and  the  transversalis  with  its  aponeurosis,  otherwise 
known  as  the  lumbar  fascia.  When  the  latter  has  been  divided,  the 
anterior  border  of  the  quadratus  lumborum  muscle  is  defined  near  the 
posterior  angle  of  the  wound  and  may  also  require  division.  The  last 
structure  to  be  divided  is  the  fascia  transversalis.  It  is  well  to  commence 
its  section  posteriorly  and  travel  forwards,  as  this  precaution  will  diminish 
the  risk  of  opening  the  peritoneum.  Beyond  the  fascia  transversalis  the 
kidney  or  colon,  as  the  case  may  be,  will  be  found  in  a  bed  of  soft,  semi- 
diffluent  fatty  tissue. 

This  incision  entails  a  rather  extensive  division  of  muscle.  The  fibres 
of  the  external  oblique  and  latissimus  dorsi,  which  are  cut  across,  run 
almost  vertically,  those  of  the  internal  oblique  run  upwards  and  inwards. 
The  upper  angle  of  the  incision  should  not  approach  the  last  rib  too 
closely  for  fear  of  wounding  the  pleura,  which  may  descend  for  half  an 
inch  or  more  below  its  inner  or  vertebral  extremity  (p.  354).  When  the 
aponeurosis  of  the  transversalis  is  divided  some  fatty  tissue  is  usually 
exposed,  which  may  readily  be  mistaken  for  the  extraperitoneal  fat.  The 
last  dorsal  nerve  and  the  lowest  intercostal  artery  are  usually  divided  in 
the  vicinity  of  the  twelfth  rib.  Lower  down,  near  the  crest  of  the  ilium, 
the  ilio-inguinal  and  ilio-hypogastric  nerves  and  one  of  the  lumbar  arteries 
may  also  be  divided.  In  this  incision  the  necessity  for  obtaining  room 
outweighs  every  other  consideration.  A  permanently  weak  spot,  however, 
is  left  in  the  abdominal  wall,  and  a  lumbar  hernia  is  a  by  no  means  un- 
common sequela.  The  depth  of  the  wound  and  the  confined  space 
render  manipulations  difficult,  especially  where  the  kidney  is  con- 
cerned. For  this  reason  an  incision  through  the  linea  semilunaris  is 
often  preferred,  even  though  it  exposes  the  general  peritoneal  cavity  to 
the  risk  of  septic  infection.  (See  Nephrectomy). 


THE  UMBILICAL  REGION. 

The  applied  anatomy  of  the  umbilical  region  would  be  altogether 
incomplete  without  some  reference  to  its  development.  The  following 
brief  resume  is  included  here  with  a  view  to  render  intelligible  certain 
abnormal  conditions  occasionally  found  at  the  umbilicus  and  within 
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the  abdominal  cavity,  which  depend  upon  arrested  or  imperfect  develop- 
ment in  intrauterine  life. 

Blastodermic  Vesicle.— Shortly  after  the  ovum  has  been  impregnated  it  is  found  to  have 
increased  in  size,  forming  a  thin-walled  transparent  sac,  occupied  by  fluid  and  enclosed  by  two 
membranes.  The  outer  of  these  is  the  thinned  zona  pellucida,  the  inner  consists  of  clear 
epithelial  cells.  At  one  part  this  layer  is  found  to  be  reinforced  by  a  mass  of  dark  granular  cells, 
and  it  is  now  called  the  blastodennic  vesicle. 

The  Blastoderm. — The  part  of  the  blastodermic  vesicle  which  presents  the  outer  layer  of 
clear  cells  and  a  deeper  granular  layer  in  contact  with  it,  causes  a  localised  thickening  of  the  ovum 
at  this  point,  which  appears  darker  when  the  ovum  is  viewed  by  means  of  transmitted  light ;  this 
is  the  embryonic  area.  The  outer  layer  of  cells  is  the  primitive  ectoderm,  the  inner  layer  constitutes 
the  primitive  entoderm,  and  the  combined  layers  constitute  the  bilaminar  blastoderm  (fig.  108).  At 
the  posterior  extremity  of  the  embryonic  area  the  ectoderm  thickens  and  extends  forwards  as  a 
ridge  over  this  area  for  some  distance,  and  marked  by  a  linear  furrow  on  its  superficial  aspect. 
The  latter  is  what  is  known  as  the  primitive  groove ;  the  ridge  itself  is  the  primitive  streak 
(fig.  108). 

On  each  side  of  the  primitive  groove  the  cells  of  the  blastoderm  proliferate,  and  before  long  it 
is  found  that  a  new  layer  of  cells  has  made  its  appearance  between  the  entoderm  and  ectoderm, 
growing  out  laterally  on  each  side.  The  original  bilaminar  blastoderm  is  now  trilaminar ;  its 
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FlG.  1 08.—  A,  the  mode  of  formation  of  the  layers  of  the  blastoderm  ;  B,  the  germinal  area  of 
the  embryo,  showing  the  primitive  streak  and  the  neural  groove  ;  C,  the  mode  of  formation 
of  the  limiting  sulcus  and  membranes.  The  folding  off  of  the  embryo  has  just  commenced, 
and  the  cephalic  extremity  by  bending  down  in  front  has  caused  the  first  trace  of  the  invagi- 
nation  from  which  the  amnion  is  formed.  The  fold  at  the  caudal  extremity  has  not  yet 
appeared.  Figs.  A  and  B  have  been  taken  from  Keith 's  Embryology  ;  fig.  C  from  Quain's 
Embryology. 

layers  which  are  usually  named,  from  without  inwards,  epiblast,  mesoblast,  and  hypoblast,  are 
readily  distinguishable  from  each  other. 

The  early  Embryo. — The  earliest  trace  of  the  embryo  is  found  in  that  part  of  the  embryonic 
area  which  lies  immediately  in  front  of  the  primitive  groove.  Another  groove  appears  here  in 
the  epiblast.  It  is  called  the  neural  or  medullary  groove,  and  is  the  rudiment  of  the  entire  central 
nervous  system  (fig.  108).  The  ridges  which  bound  it  on  either  side  grow  up  and  eventually  fuse, 
forming  the  neural  canal.  Beneath  the  neural  groove  the  epiblast  and  hypoblast  are  directly 
continuous.  The  mesoblast,  however,  extends  forwards  in  front  of  the  primitive  streak,  insinuating 
itself  between  the  epiblast  and  hypoblast  on  each  side  of  the  neural  groove.  A  transverse  section 
of  the  embryonic  area  at  this  stage  shows  the  neural  groove  in  the  centre,  on  its  ventral  aspect 
the  hypoblast,  and  a  rod-like  column  of  cells  derived  from  it,  called  the  notochord.  On  each  side 
of  the  middle  line  there  is  a  longitudinal  thickening  of  mesoblast ;  it  is  separated  from  its  fellow  of 
the  opposite  side,  and  thins  off  gradually  into  the  lateral  plates  of  mesoblast. 

Cleavage  of  the  Mesoblast  and  Formation  of  the  Body  Cavity.— Very  soon  after  the 
appearance  of  the  neural  groove  an  important  change  appears  in  the  mesoblast.  A  line  of 
cleavage  appears  in  its  lateral  plates.  The  outer  layer  joins  the  epiblast,  the  inner  joins  the 
hypoblast,  and  the  cleft  gradually  increases  until  a  cavity  is  formed.  The  outer  layer  repre- 
sents the  future  body  wall  and  is  called  the  somatopleure  ;  the  inner  layer  is  destined  to  form 
the  wall  of  the  alimentary  canal,  and  is  called  the  splanchtiopleure.  The  space  which  intervenes 
between  the  two  layers  is  the  ccclom  or  the  primitive  pleuro-peritoneal  cavity  (fig.  109).  . 
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Separation  of  the  Embryo  from  the  Blastoderm. — The  portion  of  the  blastoderm  which  is 
destined  to  take  on  the  further  development  of  the  embryo,  consisting  essentially  at  this  stage 
of  the  neural  groove,  the  mesoblastic  thickenings  adjoining  the  middle  line,  and  the  notochord,  is 
now  separated  off  from  the  remainder  of  the  blastoderm.  A  dipping  down  of  the  primitive 
blastodermic  layers  takes  place  in  front  of  the  neural  groove  where  the  embryonic  area  becomes 
folded  upon  itself,  constituting  the  cephalic  fold  (fig.  108  C).  At  this  point  the  embryo  is  soon 
marked  off  from  the  rest  of  the  blastoderm  by  a  groove — the  anterior  limiting  sulcus.  Lateral 
limiting  sulci  also  appear  along  the  sides  of  the  embryo.  The  hypoblast  included  in  the  cephalic 
flexure  represents  the  anterior  part  of  the  alimentary  canal  or  the  fore-gut.  Another  folding  of 
hypoblast  appears  at  the  caudal  extremity,  representing  the  hind-gut,  and  between  the  two,  the 
middle  part  of  the  future  alimentary  tract  remains  in  free  continuity  for  some  time  with  the 
cavity  of  the  blastodermic  vesicle  or  yolk  sac,  which  takes  no  part  in  the  formation  of  the  ali- 
mentary canal,  but  remains  connected  with  it  by  a  wide  neck  of  communication — the  vitello- 
intestinal  ditct.  Later,  when  the  body  walls  are  formed,  this  narrow  duct  runs  along  the  cord 
and  connects  the  intestine  with  the  shrivelled  yolk  sac  (fig.  1 10). 

Amnion  and  Chorion. — The  amnion  is  formed  by  the  folds  of  the  somatopleure  which  are 
reflected  at  the  extremities  and  sides  of  the  embryo  along  the  limiting  sulci  (fig.  109).  Gradually, 
as  the  embryo  sinks  into  the  blastodermic  vesicle  or  yolk,  these  folds  grow  up  over  its  dorsal 
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FIG.  109. — A,  longitudinal  section  of  the  developing  ovum.  The  bending  down  of  the  head-fold 
in  front  and  of  the  tail-fold  behind  is  pronounced.  The  primitive  alimentary  canal  is  repre- 
sented by  an  anterior  part  or  fore-gut,  by  a  posterior  part  or  hind-gut,  and  by  an  intervening 
portion,  viz. ,  the  mid -gut,  which  communicates  freely  with  the  yolk-sac.  Observe  the  origin  of 
the  allantois  in  the  ventral  wall  of  the  hind-gut.  B,  transverse  section  of  the  developing  ovum. 
In  this  figure  the  folding  off  of  the  embryo  is  well  advanced.  The  junction  of  the  embryonic 
area  with  the  remaining  part  of  the  blastodermic  vesicle  presents  a  constricted  appearance. 
The  amniotic  folds  have  almost  come  together  over  the  dorsal  aspect  of  the  embryo  to 
enclose  the  cavity  of  the  amnion. 

aspect  until  they  meet  and  coalesce  along  the  middle  line  so  as  to  form  two  distinct  membranes 
covering  the  embryo  completely,  an  inner  or  true  amnion,  an  outer  or  false  amnion  or  chorion, 
which  becomes  attached  to  the  uterus  by  villi. 

Allantois. — The  allantoic  vesicle  originates  in  the  caudal  extremity  of  the  embryo  as  a 
protrusion  from  the  hind-gut  on  its  ventral  aspect  (fig.  109).  It  gradually  expands  into  the 
cavity  of  the  false  amnion,  and  consists  of  a  tubular  canal  lined  by  hypoblast  surrounded  by  a 
mass  of  mesoblast  which  becomes  attached  to  the  inner  surface  of  the  chorion.  It  carries  blood- 
vessels from  the  embryo  to  the  chorion,  converting  this  into  a  vascular  membrane.  When  the 
placenta  is  formed,  the  allantoic  vessels,  which  are  subsequently  represented  by  the  two  umbilical 
arteries  and  the  umbilical  vein,  convey  blood  between  the  mother  and  the  foetus.  The  stalk  of 
the  allantois  (extra-abdominal  portion)  in  the  course  of  development  of  the  body  walls  becomes 
bound  up  in  the  umbilical  cord  together  with  the  stalk  of  the  yolk  sac. 

By  the  end  of  the  third  month  the  body  walls  have  closed  in,  all  but  the  umbilical  ring, 
to  the  periphery  of  which  the  cord  is  attached.  The  amnion  invests  the  latter  externally,  and  is 
continuous  with  the  skin  of  the  abdomen.  The  amniotic  cavity,  which  by  this  time  has  greatly 
increased  in  size,  is  filled  with  fluid  within  which  the  foetus  is  suspended. 

The  portion  of  the  mid-gut  which  is  at  first  in  open  communication  with  the  yolk  sac  is 
completely  closed  in  during  the  second  month.  It  is  known  as  the  umbilical  loop,  and  lies 
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outside  the  body  walls  for  some  time,  connected  with  the  shrivelled  yolk  sac  by  a  thin  stalk 
(fig.  no).  In  the  course  of  the  third  month  of  intrauterine  life,  however,  this  stalk  disappears, 
and  the  intestine,  being  set  free,  retires  within  the  abdomen.  The  umbilicus  by  the  end  of  the 
third  month  has  assumed  quite  narrow  dimensions.  The  cord  consists  of  its  amniotic  covering, 
enclosing  the  stalk  of  the  allantois  with  the  allantoic  (umbilical)  vessels,  and  a  central  core  of 
fibro-myxomatous  tissue — the  '  Whartonian  Jelly. ' 

Changes  at  the  Umbilicus  after  birth. — Immediately  after  birth  the  process  of  obliteration 
of  the  umbilical  ring  commences.  The  umbilical  vessels  become  shrivelled  and  contracted  and 
converted  into  a  mass  of  cicatricial  tissue.  The  tendinous  margins  of  the  ring  advance  inwards, 
and  eventually  nothing  is  left  to  indicate  the  site  of  attachment  of  the  cord  but  a  scar.  In  the 
infant  the  umbilicus  bulges  forwards  slightly  ;  in  the  adult,  however,  it  is  usually  retracted.  This 
retraction  is  explained  by  the  fact  that  the  obliterated  hypogastric  arteries  and  the  urachus  form 
rigid  unyielding  cords,  incapable  of  elongating  as  the  abdominal  walls  and  pelvis  continue  to  grow. 
Consequently,  as  these  parts  develop,  the  umbilicus  gradually  assumes  a  deeper  position.  At  the 
lower  part  of  the  umbilical  ring,  where  these  structures  cease,  the  scar  is  strongest,  and  here  the 
ring  is  most  securely  closed.  At  its  upper  part,  viz.,  between  the  upper  margin  of  the  ring  and 
the  obliterated  umbilical  vein,  the  scar  is  weaker. 

At  the  level  of  the  umbilicus  the  fascia  transversalis  is  sometimes  greatly  increased  in 
strength.  A  small  pouch  has  been  described  (Richet)  as  sometimes  occurring  between  it  and 
the  posterior  aspect  of  the  linea  alba  above  the  umbilicus.  The  interior  of  the  pouch  is  lined 
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FIG.  no. — The  umbilical  cord  and  the  structures  which  enter  into  its  formation. — (Quain). 

by  peritoneum,  its  mouth  or  inlet  is  directed  upwards,  and  its  apex  is  situated  at  the  upper 
margin  of  the  umbilical  ring.  It  is  sometimes  called  the  umbilical  canal.  It  will  be  further 
alluded  to  later  on  as  it  appears  to  have  an  important  significance  in  connection  with  acquired 
umbilical  hernia. 

UMBILICAL  HERNIA,  OR  EXOMPHALOS.— It  is  usual  to 
describe  three  distinct  forms  of  umbilical  hernia  which  are  usually 
classified  as  (i)  Congenital,  (2)  Infantile,  and  (3)  Acquired. 

Congenital  Umbilical  Hernia. — Both  this  and  the  second  variety 
just  named  will  be  readily  understood  from  the  developmental  account 
already  given.  Two  distinct  forms  of  defect  are  frequently  included  under 
the  heading  of  congenital  umbilical  hernia ;  as  they  present  important 
differences,  however,  they  will  be  described  separately. 

i.  The  abdominal  walls  may  fail  to  develop  beyond  a  certain  point, 
in  consequence  of  which  a  large  gap  is  left  on  the  ventral  aspect  of  the 
embryo,  through  which  protrude  the  majority  of  the  abdominal  viscera 
— liver,  large  and  small  intestine,  pancreas,  etc.  It  is  really  an  example  of 
ectopia  of  the  viscera,  or  eventration  due  to  arrest  of  development.  The 
gap  may  be  a  large  one,  reaching  from  the  lower  extremity  of  the 
sternum  to  the  symphysis  (fissura  abdominis),  but  in  more  aggravated 
cases  it  involves  the  thoracic  segment  of  the  trunk  as  well.  The  pro- 
truding viscera  are  covered  by  a  thin  semitransparent  membrane  which 
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is  formed  by  the  amnion,  and  is  continuous  peripherally  with  the  skin  of 
the  undeveloped  body  wall  (Membrana  Reuniens). 

2.  In  other  cases  the  development  of  the  abdominal  wall  is  quite 
normal,  and  the  cavity  is  completely  closed  in  except  at  the  umbilical 
ring.  At  birth,  a  piece  of  intestine  may  be  found  lying  within  the  cord, 
the  umbilical  vessels  either  spreading  over  it  or  else  pushed  to  one  side 
{Hernia  funiculi  umbilicalis).  The  protruding  coil  may  be  a  portion 
of  normally  developed  intestine,  the  reduction  of  which  may  be  accom- 
plished possibly  without  difficulty.  Sometimes  the  hernia  consists  of 


IFlG.  III. — Congenital  umbilical  hernia.    Some  coils  of  small  intestine  are  seen  protruding  at  the 
umbilicus  and  enveloped  by  the  investing  membranes  of  the  cord  (hernia  funiculi  umbilicalis'). 

a  persistent  Vitelline  Duct,  otherwise  known  as  Meckefs  Diverticulum, 
which  is  connected  by  its  basal  or  proximal  end  with  the  small  intestine 
within  the  abdomen  ;  or  the  original  umbilical  loop  of  intestine  may 
fail  to  withdraw  itself  inside  the  abdomen,  and  remain  within  the  cord, 
connected  at  its  summit  perhaps  with  the  narrowed  stalk  of  the  yolk  sac. 
The  covering  of  these  hernias  consists  of  the  amnion  externally,  and 
inside  this  a  delicate  layer  prolonged  from  the  parietal  peritoneum.  In 
many  cases  such  herniae  have  not  been  recognised,  with  the  result  that 
the  protruding  parts  have  been  included  in  ligaturing  the  cord.  Care 
should  be  taken,  therefore,  to  examine  the  cord  in  every  case  before 
applying  a  ligature  to  it,  for  fear  of  such  an  accident  taking  place. 
Inclusion  of  a  patent  Meckel's  diverticulum  would  be  followed,  after 
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separation  of  the  ligature,  by  a  faecal  fistula  at  the  umbilicus.  Should 
the  intestine  itself  be  included,  absolute  and  very  probably  fatal  obstruc- 
tion of  the  intestine  would  be  the  inevitable  consequence. 

Infantile  Umbilical  Hernia. — This  form  has  been  so  named  from 
the  fact  that  it  appears  within  a  few  days  or  weeks  after  birth.  It  is 
usually  small,  probably  not  bigger  than  a  walnut,  and  is  easily  reducible. 
It  tends  to  become  very  prominent  when  the  child  cries  or  coughs,  and 
is  popularly  known  as  '  starting  of  the  navel.'  Its  cause  is  apparently 
an  undue  patency  or  weakness  of  the  umbilical  ring.  In  young  infants 
with  rickets,  or  those  who  suffer  from  gastro-intestinal  disorders,  the 
result  of  improper  feeding,  the  abdomen  is  very  frequently  large  and 
distended — 'pot-belly'  As  the  result  of  overstretching,  the  linea  alba  has 
a  tendency  to  widen,  and  the  gap  may  be  so  extensive  that  a  median 
projecting  ridge  appears  between  the  recti  when  the  child  cries.  In 
such  cases  an  infantile  umbilical  hernia  not  uncommonly  exists.  These 
hernias  tend  to  undergo  spontaneous  cure  as  a  general  rule,  especially  if 
pressure  with  a  pad  be  maintained  over  the  ring  for  some  time. 

Acquired  Umbilical  Hernia. — In  this  variety  the  hernial  protrusion 
makes  its  appearance  at  some  period  remote  from  the  closure  of  the 
umbilical  ring.  In  order  that  such  a  condition  should  supervene,  it  is 
obvious  that  the  cicatricial  tissue  closing  the  ring  should  gradually  yield. 
This  is  most  likely  to  happen  at  the  upper  limit  of  the  ring,  as  the  scar 
is  not  so  strong  here  as  at  its  lower  part,  where  the  three  cords  con- 
verging from  the  pelvis  are  securely  fixed.  As  predisposing  causes  may 
be  mentioned,  the  excessive  stretching  of  the  abdorfiinal  wall  which 
occurs  in  pregnancy,  or  with  large  abdominal  tumours.  A  deposition  of 
fat  in  the  upper  part  of  the  ring  in  obese  persons  may  weaken  it,  and 
act  as  a  predisposing  cause.  A  weak  ring  is  very  liable  to  yield  in  those 
who  suffer  from  chronic  bronchitis,  or  other  pathological  states  in  which 
sudden  and  forcible  increase  in  the  intra-abdominal  pressure  is  of  frequent 
occurrence.  The  presence  of  an  '  umbilical  canal'  (p.  398)  will  probably 
facilitate  matters  by  engaging  and  directing  some  portion  of  the 
omentum  or  intestine  to  the  umbilical  ring.  In  these  hernias  the  sac  is 
always  thin,  indeed  its  coverings  may  be  so  stretched  and  attenuated  as 
to  make  it  appear  as  if  the  hernial  contents  were  merely  subcutaneous. 
If  the  latter  consist  mainly  of  intestine,  its  peristaltic  movements  may 
be  quite  visible  through  the  thin  covering.  The  parts  overlying  the  sac 
are  the  skin,  the  subcutaneous  tissue,  and  the  fascia  transversalis,  this 
latter  being  extremely  attenuated,  and  not  capable  of  being  isolated. 
The  contents  of  an  acquired  umbilical  hernia  consist  very  frequently  of 
a  mass  of  the  great  omentum,  with  perhaps  a  piece  of  the  transverse 
colon  or  small  intestine.  These  hernias  also  are  very  commonly 
lobulated  in  outline,  the  lobulation  evidently  being  due  to  the  irregular 
manner  in  which  the  sac  of  the  hernia  expands  ;  in  other  words,  it  follows 
the  direction  of  least  resistance,  and  consequently  manages  to  insinuate 
itself  between  the  resisting  bands  of  fibrous  tissue  which  connect  the  skin 
to  the  subjacent  aponeurosis.  The  skin,  too,  is  frequently  puckered  or 
dimpled,  and  when  the  sac  is  opened  it  will  be  found  that  the  contents 
are  very  often  adherent,  and  when  these  have  been  turned  aside,  the 
interior  of  the  sac  will  be  found  to  contain,  at  least  in  large  herniae,  a 
number  of  sacculations  or  loculi.  As  the  protrusion  almost  invariably 
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makes  its  exit  immediately  below  the  upper  border  of  the  ring,  and  not 
at  its  centre,  it  will  be  found  that  the  umbilical  cicatrix  lies  not  at  its 
centre,  but  at  some  distance  to  one  side. 

Conditions  associated  with  partial  or  complete  persistence 
of  the  Vitello-intestinal  Duct. — In  the  course  of  the  development  of 
the  abdominal  walls  and  intestine,  it  has  been  noted  that  the  mid-gut 
communicates  in  early  foetal  life  by  means  of  a  wide  passage  with  the 
yolk  sac.  As  the  abdominal  walls  extend  downwards  on  each  side  this 
communication  becomes  narrower,  it  lies  within  the  umbilical  cord  and 
is  called  the  vitello-intestinal  duct.  The  intestine  now  closes,  but  for 
some  little  time  it  remains  in  connection  with  the  yolk  sac,  and  lies 
within  the  umbilical  aperture,  the  vitelline  duct  having  meanwhile  almost 
completely  disappeared.  Finally,  the  intestine  is  set  free  from  all  connec- 
tion with  the  yolk  sac,  and  retires  within  the  abdominal  cavity,  leaving  no 
trace  to  indicate  that  any  communication  with  this  structure  ever  existed. 

The  vitello-intestinal  duct,  however,  may  fail  to  undergo  complete 
obliteration,  and  portions  of  it  are  occasionally  found  persisting  up  to 
adult  life.  The  following  list  will  give  an  idea  as  to  the  various  forms 
which  this  developmental  defect  may  assume. 

1.  The  unobliterated  vitello-intestinal  duct  may  be  found  within  the 
abdomen,  its  proximal  or  intestinal  end  attached  to  some  portion  of  the 
ileum,  near  the  ileo-caecal  valve,  and  its  distal  end  free.     It  springs  from 
the  convex  aspect   of  the   intestine,  exactly  opposite   the   line  of  its 
mesenteric  attachment,  and  in  structure   resembles  the  intestine  with 
which  it  is  connected.     The  distal  extremity  terminates  in  a  cul-de-sac, 
after  the  manner  of  the  ringer  of  a  glove ;  it  may,  however,  be  somewhat 
enlarged  and  bulbous  or  sharply  pointed.     In  length  it  varies,  but  from 
two  to  three  inches  may  be  regarded  as  the  average.     It  is  sometimes 
represented,  however,  by  a  mere  bud-like  process  from   the  intestinal 
wall.     It  is  commonly  known  as  Meckel's  Diverticulum,  and  appears  to 
exist  in  about  two  per  cent,  of  individuals. 

Within  the  abdomen  it  is  a  source  of  danger,  in  consequence  of  the 
tendency  which  it  has  to  cause  acute  intestinal  obstruction.  This  it  may 
•do  in  two  different  ways,  either  by  twisting  itself  around  or  snaring  a 
neighbouring  coil  of  intestine,  or  by  becoming  adherent  to  some 
neighbouring  part — abdominal  wall,  mesentery,  etc. — and  forming  a  loop 
beneath  which  a  coil  of  intestine  is  liable  to  make  its  way  and  become 
constricted. 

2.  The  diverticulum  may  retain  its  connection  with  the  umbilicus  as 
well  as  with  the  intestine.     Its  distal  end  is  closed  and  continued  into  a 
fibrous  cord.     Such  a  condition  of  affairs  is  liable  also  to  bring  about  an 
internal  strangulation. 

3.  The  distal  extremity  of  the  diverticulum  at  the  umbilicus  may 
remain    patent,  constituting   one  of  the   varieties   of  umbilical  fistula. 
Owing  to  the  free  communication  which  exists  between  the  diverticulum 
in  these  cases  and  the  lumen  of  the  intestine,  the  constant  escape  of 
faeces  and  mucus  which  takes  place  through  the  external  orifice  will 
constitute  a  great  source  of  annoyance. 

4.  Certain  forms  of  cystic  adenomata  are  occasionally  found  in  the  um- 
bilical region,  which  evidently  have  arisen  from  unobliterated  vestiges  of 
the  vitelline  duct.    The  nature  of  such  cysts  is  at  once  rendered  evident  by 
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the  microscopical  appearances  presented  by  a  section  through  their  walls, 
Lieberkiihns  glands  and  smooth  muscular  tissue  being  present. 

Abnormal  conditions  resulting  from  Congenital  Defects  in  the 
Urachus. — It  has  been  shown  that  in  the  foetus  the  allantois  consists 
of  an  abdominal  and  an  extra-abdominal  portion.  The  former  is 
represented  after  birth  by  the  urinary  bladder,  but  between  this  and  the 
umbilicus  its  stalk  shrinks  and  is  converted  into  a  fibrous  cord — the 
urachus.  The  extra-abdominal  part  surrounds  the  vessels  of  the  cord. 

The  principal  defects  which  have  been  noted  are  (i)  patency  of  the 
urachus  throughout  its  entire  extent  and  at  both  extremities,  as  the  result 
of  which  a  fistulous  opening  is  present  at  the  umbilicus,  through  which 
urine  escapes.  (2)  Closure  of  the  urachus  at  its  two  extremities,  while 
it  remains  patent  in  the  remainder  of  its  extent.  Such  a  condition  is 
very  apt  to  give  rise  to  a  cystic  tumour,  and  one  which  may  attain  a 
considerable  size.  Cysts  originating  in  this  way  occupy  an  extra- 
peritoneal  position. 


THE  INGUINAL  REGION. 

In  consequence  of  the  great  frequency  in  the  incidence  of  inguinal 
herniae,  this  region  is  one  of  the  utmost  surgical  importance,  and  demands 
a  careful  study.  In  the  following  pages  the  attention  of  the  reader  will 
be  directed  to  the  anatomical  conditions  which  favour  the  development 
of  these  herniae,  to  their  modes  of  classification,  and  to  the  operative 
procedures  which  are  so  frequently  undertaken  for  their  relief  in  the  event 
of  strangulation,  or  for  their  radical  cure. 

The  Inguinal  Region  from  the  front. — The  superficial  tissues  which 
invest  the  anterior  abdominal  wall  have  already  been  described,  and 
attention  has  been  drawn  to  their  practical  bearings.  The  reader  will 
imagine,  therefore,  that  they  have  been  turned  aside,  and  that  the  apon- 
eurosis  of  the  external  oblique  is  exposed  to  view.  This  consists  in  the 
inguinal  region  of  a  thin  tendinous  lamina  made  up  of  a  series  of 
flattened  bands  bound  together  by  connective  tissue,  and  reinforced  by 
a  number  of  transversely  directed  aponeurotic  fibres  which  originate 
from  Poupart's  ligament  and  describe  a  series  of  gentle  curves  as  they 
pass  inwards  (fig.  112).  Immediately  above  the  crest  of  the  pubis 
the  aponeurosis  presents  a  gap  or  deficiency  known  as  the  external 
abdominal  ring.  The  spermatic  cord  issues  from  it  in  the  male,  the 
round  ligament  in  the  female.  Its  margins  as  well  as  its  general 
outline  can  only  be  distinctly  seen  when  a  thin  layer  of  fascia  has  been 
removed  which  binds  the  former  together  and  fuses  with  the  structures 
issuing  from  the  ring.  This  is  the  intercrural  or  intercolumnar  fascia,  and 
is  really  a  downward  continuation  of  the  arching  fibres  just  mentioned. 
The  ring  itself  is  triangular  or  oval  in  outline,  and  has  its  long  axis 
directed  very  obliquely  downwards  and  inwards.  Its  margins  are  some- 
times called  the  inner  and  outer  pillars  of  the  ring ;  their  direction, 
however,  would  be  more  correctly  indicated  by  calling  them  upper  and 
lower  pillars.  The  lower  or  outer  of  these  is  mainly  formed  by  the 
rounded  and  cord-like  inner  extremity  of  Poupart's  ligament  which  is 
attached  to  the  pubic  spine ;  the  inner  or  upper  pillar  is  thinner  and 
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flatter,  and  is  attached  to  the  front  of  the  symphysis.  The  shape  and 
size  of  the  external  ring  vary  a  good  deal  in  different  individuals.  The 
superficial  external  pudic  vessels  are  usually  found  in  the  superficial 
fascia  overlying  the  external  ring  (fig.  112)  and  are  invariably  divided 
in  the  first  incision  in  herniotomy. 


Arcuate  fibres  crossing  the  aponeurosis 
of  the  External  Oblique  Muscle. 

|    Superficial 
Pubic  Spine.  I    Epigastric  Artery. 

I  i 

External  Abdominal  Ring.     I 
,    i 


Superficial  Circumflex 
Iliac  Artery. 


Suspensory  Ligament 
of  the  Penis. 


Projection  caused  by  the  Femoral 

Artery. 
Superficial  External  Pudic  Artery.  J     Superficial  EpigastriclVein. 

Long  Saphenous  Vein. '     Femoral  Vcin. 

FlG.  112. — Superficial  dissection  of  the  inguinal  region  upon  the  left  side.  The  spermatic  cord  is 
seen  escaping  from  the  external  abdominal  ring  and  is  crossed  by  the  superficial  external 
pudic  artery.  Observe  the  position  of  the  cord  in  front  of  the  crest  of  the  pubis  and 
immediately  to  the  inner  side  of  the  pubic  spine. 

THE  DESCENT  OF  THE  TESTIS.— The  testis  has  its  origin  within  the  abdomen  and 
continues  to  develop  here  until  the  later  months  of  intrauterine  life.  The  first  trace  of  the  gland  is 
found  in  the  lumbar  region  in  close  relationship  with  the  lower  and  outer  part  of  the  permanent 
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kidney.  As  development  goes  on  the  testis  comes  to  occupy  a  lower  level,  and  by  the  end  of 
the  third  month  it  has  reached  a  point  in  the  vicinity  of  the  anterior  abdominal  wall  lying  in 
the  iliac  fossa  and  close  to  the  pelvic  brim.  This  change  or  position  does  not  really  imply  that  the 
testicle  has  migrated  from  its  original  position  to  any  great  extent,  it  must  be  considered  rather 
as  the  outcome,  of  the  growth  of  the  gland  itself  in  conjunction  with  the  rapid  development  of  the 
surrounding  regions.  Passing  upwards  from  the  testicle  is  a  fold  of  peritoneum  (fig.  118)  in 
which  the  spermatic  vessels  subsequently  appear  and  which  has  been  called  the  plica  vascularis 
(Lockwood).  Another  fold  passes  in  a  downward  direction  to  the  abdominal  wall,  and  is 
commonly  known  as  the  gubernacuhim  teslis ;  it  contains  a  considerable  amount  of  smooth 

Aponeurosis  of  the  External  Oblique  Muscle. 

Sheath  of  the  Rectus  M.  j  Internal  Oblique  Muscle, 

i  I 


Triangular  Fascia. 

Pubic  Spine. 


Femoral  Canal. 


Spermatic  Cord  invested  by  the  Cremaster  Muscle. 


FlG.  113. — Dissection  of  the  inguinal  canal.  The  external  oblique  aponeurosis  has  been  split  in 
the  direction  of  one  of  its  tendinous  intersections  from  the  apex  of  the  external  abdominal 
ring  upwards  for  some  three  or  four  inches,  and  its  upper  and  lower  segments  have  been 
drawn  aside — see  further  description  in  text. 

muscle  and  connective  tissue.  Superiorly  it  is  connected  with  the  body  of  the  testis,  the  vas 
deferens,  and  the  epididymis,  and  a  portion  of  it  is  prolonged  beyond  the  testicle  to  the  peri- 
toneum covering  the  back  wall  of  the  abdomen.  Below,  it  has  several  points  of  attachment ; 
the  more  important  are  the  inner  extremity  of  Poupart's  ligament,  the  pubic  spine,  and  the  skin 
of  the  scrotum.  The  testicle  itself  is  connected  with  the  posterior  abdominal  wall  by  a  fold  of 
peritoneum  forming  a  sort  of  mesentery,  and  known  as  the  mesorchium. 

After  the  third  month  a  series  of  changes  takes  place  preparatory  to  further  movement  on 
the  part  of  the  testicle.  A  shallow  depression  makes  its  appearance  at  the  site  of  the  future 
internal  abdominal  ring,  it  involves  all  the  layers  of  the  abdominal  wall,  including  the  peritoneum, 
the  fascia  transversalis,  the  cremaster  muscle,  which  is  really  a  portion  of  the  internal  oblique,  and 
the  intercolumnar  fascia,  a  derivative  of  the  external  oblique.  The  rudiment  of  the  scrotum  already 
exists  outside  the  abdominal  wall,  situated  behind  and  on  each  side  of  the  penis,  and  formed 
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by  the  coalescence  of  the  two  sides  of  the  urogenital  furrow ;  it  consists  of  the  skin,  the  super- 
ficial fascia,  and  the  dartos.  Into  the  bottom  of  this  peritoneal-lined  pouch  the  cord  formed 
by  the  gubernaculum  extends,  the  cord  itself  lying  retro- peritoneally,  and  the  final  stage  in  the 
migration  of  the  testicle  now  (sixth  or  seventh  month)  takes  place.  It  moves  into  the  inguinal 
canal,  and  during  the  eighth  month  it  gradually  makes  its  way  along  this  passage,  eventually 
coming  to  rest  in  the  scrotum  in  the  ninth  month.  The  gubernaculum  progressively  shortens 
as  the  testicle  descends,  and  eventually  is  reduced  to  a  short  band  connecting  the  lower  pole 
of  the  testicle  with  the  scrotum  (ligamentum  scrotale).  At  birth,  therefore,  the  testicle  occupies 


Internal  Oblique  M. 


Conjoined  Tendon. 
Aponeurosis  of  the  Ext.  Obi.  Muscle. 


\ 


Symphysis  Pubis. 


Transversalis  Muscle. 


Spermatic  Cord. 

Ridee  formed  by  the  Deep  Epigastric  Vessels. 
•  Transversalis  Fascia. 

Outer  Pillar  of  the  External  Abdominal  Ring. 
Pubic  Spine. 
Triangular  Fascia. 
Inner  Pillar  of  the  External  Abdominal  Ring. 


FlG.  114. — Dissection  of  the  inguinal  canal.  The  lower  part  of  the  internal  oblique  muscle  has 
been  detached  from  Poupart's  ligament  and  turned  upwards.  The  structures  which  form 
the  posterior  wall  of  the  canal  have  been  exposed,  viz.,  the  transversalis  fascia,  the  conjoined 
tendon,  and  the  triangular  fascia.  The  cord  has  been  drawn  aside  to  show  these  structures. 
Observe  the  position  of  the  deep  epigastric  artery,  which  is  discernible  through  the  thin  fascia 
transversalis  and  the  spermatic  cord  emerging  from  the  abdomen  at  the  outer  side  of  this 
vessel. 

its  normal  situation,  but  the  inguinal  canal  is  still  patent  and  contains  a  tubular  process  of 
serous  membrane — the  funicular  or  vaginal  process — which  is  continuous  below  with  the  serous 
investment  of  the  scrotum  and  testicle,  viz.,  the  tunica  vaginalis,  and  above  with  the  parietal 
peritoneum,  as  will  be  readily  understood  from  the  account  just  given.  In  man  this  communica- 
tion between  the  cavity  of  the  tunica  vaginalis  and  the  peritoneal  cavity  disappears  shortly 
after  birth,  and  nothing  but  a  thread-like  cord  is  left  to  indicate  the  original  communication 
between  these  two  serous  sacs.  However,  as  will  be  pointed  out  later  on,  the  vaginal 
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process  may  remain  patent  throughout,  or  its  obliteration  may  be  only  partial.  These  develop- 
mental irregularities  have  an  important  bearing  upon  certain  forms  of  inguinal  hernia  and  of 
hydrocele. 

The  Inguinal  Canal  is  not  really  a  canal  in  the  ordinary  acceptation 
of  the  term.  In  the  foetus  before  birth  and  for  a  varying  period  after 
birth  the  abdominal  wall  is  traversed  by  a  canal,  the  wall  of  which  is 
formed  by  a  tube  of  serous  membrane  directly  continuous  with  the 
peritoneal  cavity  above  and  with  the  sac  of  the  tunica  vaginalis  below. 
When  this  tube  has  become  obliterated  nothing  remains  to  indicate  its 
direction  except  the  spermatic  cord  or  the  round  ligament.  These 
structures  traverse  an  interstitial  path  in  the  abdominal  wall,  and  are 
closely  surrounded  and  connected  by  loose  tissue  on  all  sides  with  the 
muscular  and  aponeurotic  layers,  between  which  they  pass. 

The  inguinal  canal  then  is  an  obliquely  directed  passage  traversing  the 
abdominal  wall  immediately  above  the  inner  half  of  Poupart's  ligament, 
and  its  length  in  the  adult  varies  from  one  and  a  half  to  two  inches.  The 
commencement  or  inlet  of  the  canal,  or  the  internal  abdominal  ring,  is 
situated  about  half  an  inch  above  the  centre  of  Poupart's  ligament.  The 
outlet  of  the  canal  or  the  external  abdominal  ring  has  been  already  fully 
described.  Its  structural  relationships  will  be  best  explained  by  referring 
to  figs.  112,  113,  and  114.  The  first  of  these  represents  the  inguinal 
region  from  the  front,  the  remaining  two  are  dissections  of  the  canal  itself. 
In  fig.  113  the  aponeurosis  of  the  external  oblique  has  been  divided 
in  the  direction  of  the  long  axis  of  the  external  ring  and  the  cut  margins 
have  been  widely  drawn  apart.  The  internal  oblique'  muscle  is  now 
brought  into  view,  with  its  fibres  arching  downwards  and  inwards  over  the 
cord.  As  they  approach  the  middle  line  they  assume  a  more  tendinous 
character  and  fuse  with  the  tendon  of  insertion  of  the  transversalis,  both 
together  constituting  the  conjoined  tendon.  The  lower  margin  of  the 
muscle  is  rendered  rather  indistinct  by  the  muscular  fibres  which  descend 
from  it  along  the  cord,  and  which  go  to  form  the  cremaster  muscle.  In  the 
next  dissection  the  cremaster  has  been  separated  from  the  cord  and  the 
lower  part  of  the  internal  oblique  has  been  turned  upwards.  The  structures 
which  form  the  anterior  wall  of  the  canal  have  now  been  reflected  and 
the  entire  length  of  the  canal  is  exposed.  In  order  to  bring  its  floor 
and  posterior  wall  better  into  view  the  spermatic  cord  has  been  dislodged 
from  the  canal  and  drawn  downwards.  The  structures  seen  on  the 
posterior  wall  passing  from  the  internal  ring  or  inlet  to  the  external 
ring  or  outlet  of  the  canal  are  the  fascia  transversalis,  usually  well 
developed  at  this  level,  and  behind  it  the  deep  epigastric  vessels,  the 
conjoined  tendon  of  the  internal  oblique  and  transversalis,  and  the 
triangular  fascia.  The  floor  of  the  canal  presents  a  distinct  groove, 
especially  near  its  outlet,  upon  which  the  cord  rests.  It  is  formed  by  the 
fusion  of  the  upper  grooved  surface  of  Poupart's  ligament  and  Gimbernat's 
ligament  with  the  fascia  transversalis,  and  just  at  the  external  ring  it  is 
formed  by  the  triangular  fascia  and  the  upper  border  of  the  pubic  crest. 
The  lower  border  of  the  transversalis  muscle  intervenes  between  the 
anterior  and  posterior  boundaries  of  the  canal.  In  the  dissection  it  is 
seen  curving  over  the  cord  immediately  above  the  point  where  the  latter 
leaves  the  abdomen  surrounded  by  a  prolongation  of  the  fascia  transver- 
salis, viz.,  at  the  internal  abdominal  ring.  When  this  fascia  has  been  divided 
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all  round  and  separated  from  the  cord,  the  extraperitoneal  fatty  tissue  is 
exposed,  and  lying  at  this  level  at  the  inner  margin  of  the  ring  is  the 
deep  epigastric  artery,  with  its  two  venae  comites.  From  this  it  will  be 
seen  that  the  spermatic  cord  lies  in  front  of  these  vessels  at  the  com- 
mencement of  the  canal,  the  fascia  transversalis  of  course  intervening. 
As  the  cord  enters  the  abdomen,  the  vas  deferens  curves  around  the 
artery  on  its  outer  aspect  (fig.  115). 

In  the  female  the  inguinal  canal  is  somewhat  longer  than  in  the  male 
owing  to  the  greater  width  of  the  pelvis.  The  rings  are  smaller,  the 
canal  itself  is  narrower,  and  is  traversed  by  the  round  ligament  of  the 
uterus.  Sometimes  it  contains  a  pouch  or  process  of  peritoneum,  which 
possesses  a  developmental  interest,  as  it  is  connected  in  the  female  foetus 
with  the  descent  of  the  ovary  from  the  lumbar  to  the  pelvic  region.  It 
is  called  the  Canal  of  Nuck,  and  it  serves  to  explain  the  occurrence  of 
certain  forms  of  inguinal  hernia  which  in  the  female  traverse  the  inguinal 
canal  and  find  their  way  into  the  labium  majus. 

In  the  foetus  and  young  child  the  inguinal  canal  is  much  straighter 
than  in  the  adult,  and  appears  to  pass  more  directly  backwards  into  the 
abdominal  cavity.  With  the  advance  of  age,  however,  and  the  fuller 
development  of  the  pelvis  which  takes  place  at  the  same  time,  the  canal 
gradually  assumes  its  oblique  direction. 

The  Inguinal  Region  from  behind. — When  the  anterior  abdominal 
wall  is  viewed  from  behind,  certain  cord-like  structures  or  peritoneal  ridges 
are  seen  converging  from  the  pelvis  and  iliac  fossa  to  the  umbilicus  and 
its  neighbourhood,  viz.,  the  urachus  in  the  middle  line,  the  obliterated  hypo- 
gastric  and  the  deep  epigastric  arteries  on  each  side.  These  folds  and 
the  intervals  or  fossae  which  they  help  to  circumscribe  are  of  considerable 
surgical  interest,  as  they  present  important  relations  to  the  various  forms 
of  inguinal  hernia.  Sometimes  the  folds  are  quite  distinct,  but,  on  the 
other  hand,  they  may  be  very  faintly  developed  and  almost  indistinguish- 
able. They  are  clearly  defined  in  fig.  115,  which  represents  the  lower 
part  of  the  anterior  abdominal  wall  of  a  young  subject. 

(i)  The  External  Inguinal  Fossa  lies  outside  the  deep  epigastric  artery, 
and  when  the  peritoneum  which  covers  it  is  removed,  the  internal  abdom- 
inal ring  is  brought  into  view  at  its  lower  and  inner  part,  together  with 
the  vas  deferens  and  the  spermatic  vessels  which  converge  towards  it. 
The  name  'ring'  is  rather  a  misnomer,  the  appearance  presented  is  in 
reality  that  of  a  slit-like  depression  in  the  fascia  transversalis  (fig.  115). 
It  is  bounded  internally  by  a  crescentic  fold,  over  which  the  vas  deferens 
passes.  The  lower  limb  of  the  crescent  runs  downwards  and  outwards 
parallel  to  Poupart's  ligament,  the  upper  limb  ascends  into  the  abdom- 
inal wall,  and  both  are  lost  in  the  fascia  transversalis.  There  is,  in  fact, 
no  outer  margin  to  the  ring,  as  the  fascia  transversalis  passes  uninter- 
ruptedly at  this  point  into  the  inguinal  canal  along  the  cord.  It  has 
been  said  that  this  slit-like  character  of  the  transversalis  fascia  at  the 
internal  ring  serves  an  important  purpose,  by  allowing  the  ring  to  become 
more  effectively  closed  when  strong  pressure  is  brought  to  bear  upon  the 
abdominal  wall  from  within.  When  a  hernia  leaves  the  abdomen  through 
the  external  inguinal  fossa  it  enters  the  inguinal  canal  at  its  inlet  and 
traverses  it  in  its  entire  length  before  emerging  through  the  external 
abdominal  ring.  For  this  reason,  and  also  because  it  lies  outside  the 
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deep  epigastric  artery,  it  is  called  an  external,  oblique,  or  indirect  inguinal 
hernia. 

(2)  The  Middle  Inguinal  Fossa  lies  between  the  deep  epigastric  artery 
on  the  outside  and  the  obliterated  hypogastric  artery  on  the  inside.  The 
abdominal  wall  at  this  level  is  by  no  means  strong,  as  the  lower  margins 
of  the  internal  oblique  and  transversalis  muscles  fail  to  reach  Poupart's 
ligament  (fig.  1 14),  with  the  result  that  over  the  greater  part  of  this  fossa 
the  fascia  transversalis  alone  separates  the  sac  of  the  hernia  from  the 
external  ring  or  outlet  of  the  canal.  A  hernia  originating  within  this  fossa 
makes  its  way  through  the  abdominal  wall  by  pushing  the  transversalis 
fascia  before  it  through  the  external  abdominal  ring.  It  escapes  beneath 
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FlG.  115. — The  lower  segment  of  the  anterior  abdominal  wall  viewed  from  behind.  The 
specimen  was  taken  from  a  young  subject,  the  tissues  of  which  had  been  hardened  with 
intravascular  injections  of  formalin.  The  inguinal  pouches  are  clearly  denned.  Note  the 
tapering  extremity  of  the  bladder  and  the  urachus  in  the  centre ;  outside  these  on  each 
side  the  obliterated  hypogastric  artery,  and  the  deep  epigastric  artery  with  the  vas  deferens 
curving  around  its  outer  border  are  structures  of  special  interest. 

the  conjoined  tendon,  which  normally  overlies  the  inner  part  of  this  fossa, 
but  which  will  now  be  found  closely  related  to  the  neck  of  the  sac  on  its 
upper  and  inner  aspect.  This  hernia,  therefore,  does  not  traverse  the 
entire  inguinal  canal,  but  enters  it  near  its  outlet,  i.e.  close  behind  the 
external  abdominal  ring.  It  also,  as  has  been  mentioned,  lies  inside  the 
deep  epigastric  artery  ;  hence  the  name  sometimes  applied  to  it  of 
internal  or  direct  inguinal  hernia. 

(3)  The  Internal  Inguinal  Fossa,  sometimes  called  the  supravesical 
fossa,  is  bounded  internally  by  the  urachus  and  externally  by  the  ob- 
literated hypogastric  artery.  The  abdominal  wall  at  this  level  is  capable 
of  offering  considerable  resistance,  seeing  that  this  fossa  is  bounded  in 
front  by  the  rectus  muscle  and  by  the  inner  portion  of  the  conjoined 
tendon.  Should  a  hernia  originate  here,  it  would  of  necessity  be  com- 
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pelled  to  curve  outwards  around  the  outer  border  of  the  rectus  to  reach 
the  external  abdominal  ring.  Such  a  hernia  is  very  rare  ;  it  is  sometimes 
called  an  internal  direct  inguinal  hernia,  in  order  to  distinguish  it  from 
the  external  direct  form  which  makes  its  way  through  the  middle  inguinal 
fossa. 

Another  fossa,  triangular  in  outline,  is  sometimes  observed  in  this  region.  It  is  bounded 
above  and  in  front  by  the  inner  portion  of  Poupart's  ligament,  externally  by  the  external  iliac  vein 
below,  and  behind  by  the  anterior  portion  of  the  ilio-pectineal  line.  Immediately  below  Poupart's 
ligament  this  triangular  area  is  usually  somewhat  depressed,  and  as  this  point  closely  corresponds 
to  the  abdominal  aspect  of  the  crural  or  femoral  ring,  the  depression  is  known  as  ihefovea  femoralis, 
and  the  entire  triangular  area  as  the  trigonum  femorale  ;  it  will  be  alluded  to  more  fully  in  connec- 
tion with  femoral  hernia. 

From  the  account  which  has  just  been  given,  it  will  be  seen  that  the 
inguinal  region  constitutes  a  weak  portion  of  the  anterior  abdominal 
wall.  The  external  oblique  at  this  level  is  reduced  to  a  flat  thin  tendon 
of  no  great  strength.  The  lower  margins  of  the  internal  oblique  and 
transversalis  muscles  fall  short  of  Poupart's  ligament  along  its  inner  half, 
with  the  result  that  the  main  brunt  of  the  intra-abdominal  pressure  over 
this  defective  area  must  be  borne  by  the  transversalis  fascia  and  the 
external  oblique.  The  inguinal  canal,  too,  traversing  as  it  does  the  entire 
thickness  of  the  abdominal  wall,  not  only  weakens  it,  but  in  addition 
provides  an  interstitial  track  along  which  hernial  protrusions  may  travel. 
Lastly,  there  cannot  be  much  doubt  that  the  erect  posture  of  man  contri- 
butes in  no  small  degree  as  a  predisposing  cause  of  abdominal  hernia. 

VARIETIES  OF  INGUINAL  HERNIA.  — It  has  just  been 
stated  that  inguinal  herniae  may  be  divided  into  two  main  groups, 
viz.,  (i)  those  which  leave  the  abdomen  outside  the  deep  epigastric 
artery  and  traverse  the  inguinal  canal  in  its  entire  extent — external, 
indirect,  or  oblique  herniae  ;  (2)  those  which  leave  the  abdomen  at  the 
inner  side  of  the  vessel  through  the  middle  or  internal  inguinal  fossa 
and  enter  the  inguinal  canal  near  its  outlet — internal  or  direct  inguinal 
herniae.  Another  classification  divides  these  herniae  into  three  groups, 
each  of  which  possesses  distinctive  anatomical  characters,  viz.,  (i)  Con- 
genital, (2)  Infantile,  and  (3)  Acquired  or  Virile  Inguinal  Hernia  (Hey). 

Congenital  Inguinal  Hernia — This  variety  depends  upon  the  failure 
of  the  vaginal  process  of  the  peritoneum  to  become  obliterated  after  the 
testis  has  completed  its  descent.  The  process  is  probably  patent  in  about 
forty  per  cent,  of  infants  within  one  month  after  birth.  When  it  persists 
it  forms  a  tubular  canal  connecting  the  peritoneal  cavity  with  that  of  the 
tunica  vaginalis.  The  term  '  congenital '  must  not  be  taken  as  implying 
that  the  hernia  exists  at  birth,  it  may  in  reality  not  appear  for  months  or 
even  years  afterwards.  A  state  of  affairs,  however,  exists,  viz.,  a  pervious 
canal,  which  may  permit  the  descent  of  a  hernia  at  any  moment.  It  is 
not  improbable  that  the  obliquity  of  the  abdominal  opening,  as  well  as 
that  of  the  canal  itself,  may  account  for  a  hernia  failing  to  make  its 
appearance,  even  though  such  a  congenital  defect  exists.  A  fully  de- 
veloped congenital  hernia  occupies  the  cavity  of  the  tunica  vaginalis,  which 
furnishes  it  with  a  sac.  The  contents  of  the  hernia  come  directly  into 
contact  with  the  testicle  and  completely  surround  it.  The  spermatic  cord 
usually  lies  behind  and  at  the  inner  side  of  the  hernia,  but  in  some  cases, 
instead  of  being  flattened  out  behind  the  sac,  the  structures  which  com- 
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pose  it  are  collected  together  in  the  form  of  a  band,  which  projects  more 
or  less  prominently  into  the  sac,  and  may  appear  as  if  suspended  within 
it  by  a  sort  of  mesentery.  Every  congenital  inguinal  hernia  belongs  of 
course  to  the  external  or  oblique  variety. 

Congenital  Ccecal  Hernia — In  the  account  which  has  been  given  of 
the  descent  of  the  testicle,  the  muscular  tissue  of  the  gubernaculum  was 
said  to  have  an  attachment  to  the  peritoneum  on  the  posterior  abdominal 
wall  above  the  testicle.  It  is  quite  possible  that  this  form  of  hernia  may 
be  explained  as  the  result  of  excessive  shortening  of  this  upward 
extension  of  the  gubernaculum,  whereby  the  caecum  and  appendix  are 
gradually  drawn  down  into  the  patent  inguinal  canal  after  the  testicle. 
The  sigmoid  colon  has  been  found  in  a  congenital  hernia  on  the  left 
side,  and  its  presence  there  may  possibly  be  explained  on  a  similar 
hypothesis. 

Congenital  Hernia  associated  with  an  incompletely  descended  Testis. 
— This  association  is  by  no  means  uncommon.  The  testis  may  have 
advanced  just  beyond  the  external  ring  or  may  lie  immediately  behind 
it.  In  the  former  case  the  hernia  makes  its  way  into  the  patent  canal, 
and  having  cleared  the  external  ring  tends  to  extend  upwards  be- 
tween the  superficial  fascia  and  the  aponeurosis  of  the  external  oblique. 
In  the  latter  case  the  hernia  does  not  emerge  from  the  canal,  but  occupies 
an  interstitial  position.  As  it  expands  it  may,  by  following  the  direction 
of  least  resistance,  insinuate  itself  between  the  peritoneum  and  the  fascia 
transversalis,  or  beneath  the  aponeurosis  of  the  external  oblique,  and  in 
either  case  may  burrow  upwards  and  outwards  for  a  considerable  distance, 
forming  what  is  known  as  a  properitoneal  hernia. 

Encysted  Congenital  Hernia. — In  this  form  the  vaginal  process  is  not 
patent  throughout,  but  is  found  to  be  occluded  at  its  lower  part  just 
above  the  testicle,  leaving  a  pouch  above  in  open  communication  with 
the  abdominal  cavity.  Into  this  a  hernia  is  apt  to  find  its  way,  but, 
unlike  the  ordinary  congenital  hernia,  it  fails  to  reach  the  testicle. 
Another  variety  of  encysted  hernia  is  that  in  which  the  vaginal  process 
persists,  but  is  shut  off  from  the  general  peritoneal  cavity  above  by 
a  thin  septum  at  the  internal  ring.  If  a  hernia  makes  its  way  into 
the  canal  it  will  invaginate  this  septum  before  it,  stretching  it  perhaps 
to  an  enormous  extent,  sufficient,  it  may  be,  to  make  it  bulge  downwards 
into  the  cavity  of  the  tunica  vaginalis. 

Congenital  Inguinal  Hernia  in  the  female. — In  the  preceding  account 
of  the  descent  of  the  testicle,  mention  was  made  of  the  fact  that  a  process 
of  peritoneum  in  the  female  also  finds  its  way  with  the  round  ligament 
into  the  inguinal  canal  during  the  period  of  descent  of  the  ovary  from 
the  lumbar  region  into  the  pelvis.  This  pouch,  or  the  Canal  of  Nuck  as 
it  is  sometimes  called,  may  remain  pervious,  and  serve  as  a  path  for 
a  hernial  protrusion  at  some  subsequent  period.  It  is  interesting  to 
note  that  the  contents  of  these  herniae  frequently  consist  of  the  ovary 
with  the  Fallopian  Tube.  Their  presence  in  the  inguinal  canal  is 
probably  explained  by  some  irregularity  on  the  part  of  the  guberna- 
culum, by  which  they  are  drawn  away  from  their  normal  course. 

Infantile  Inguinal  Hernia. — This  variety  might  readily  be  included 
with  the  congenital  group,  seeing  that  the  conditions  met  with  are 
essentially  due  to  developmental  causes.  The  principal  features  which 
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characterise  an  infantile  hernia  are,  a  partial  obliteration  of  the  vaginal 
process,  usually  at  the  internal  ring,  below  which  it  remains  patent 
and  passes  without  interruption  into  the  sac  of  the  tunica  vaginalis. 
A  second  or  hernial  pouch  of  peritoneum  appears  behind  this  and 
traverses  the  inguinal  canal.  It  would  appear  as  if  it  originated 
somewhat  in  the  same  way  as  the  peritoneal  pouch  which  preceded  the 
descent  of  the  testis  into  the  scrotum,  namely,  by  overaction  on  the 
part  of  the  gubernaculum  after  the  normal  descent  of  the  testicle  has 
been  completed.  A  hernia  of  this  sort  is  liable  to  lead  to  some  confusion 
in  the  course  of  herniotomy,  especially  if  the  hernial  sac  have  been 
emptied  of  its  contents  at  the  commencement  of  the  operation.  The 
sac  of  the  tunica  .vaginalis  which  lies  in  front  of  that  which  encloses 
the  hernia  passes  up  freely  into  the  inguinal  canal,  and  may  when 
opened  be  mistaken  for  the  latter  unless  care  be  taken  to  see  that  it 
is  closed  above.  The  real  sac  lies  behind  this,  and  will  be  found  to 
communicate  freely  with  the  abdominal  cavity. 

Acquired  or  Virile  Hernia. — This  is  the  commonest  variety  of 
inguinal  hernia  and  may  occur  at  any  age,  but  is  most  frequently 
observed  in  adult  life,  when,  from  various  causes,  a  heavy  strain  is 
thrown  upon  the  abdominal  wall,  more  especially  if  at  the  same  time 
this  has  lost  to  some  extent  its  full  muscular  power.  The  lax  muscles 
yield  readily,  and  the  lower  abdominal  region  bulges  forwards  in 
the  characteristic  way  already  described  in  the  account  of  the  topog- 
raphy of  the  abdominal  wall.  Certain  diseases  predispose  to  hernia  in 
consequence  of  the  sudden  and  frequently  repeated  increase  of  the 
intra-abdominal  pressure  which  they  entail;  amongst  such  may  be 
mentioned  chronic  bronchitis,  enlarged  prostate,  and  urethral  stricture. 
An  acquired  hernia  is  one  of  slow  development.  Its  commencement 
is  indicated  by  an  exaggeration  of  one  of  the  inguinal  fossae,  most 
frequently  the  external  or  middle.  It  soon  increases  sufficiently  to  occupy 
the  inguinal  canal,  and  is  now  called  an  interstitial  hernia.  Having 
emerged  through  the  external  ring  it  forms  a  protrusion  above  and  at 
the  inner  side  of  the  pubic  spine,  or  a  bubonocele.  By  slow  degrees  its 
volume  increases,  until  at  last  it  occupies  and  distends  the  scrotum  on 
the  same  side,  constituting  a  complete  inguinal  or  scrotal  hernia  (oscheocele). 
The  testicle  with  its  serous  sac  is  pushed  downwards  and  backwards,  but 
can  usually  be  felt  free  of  the  tumour  (fig.  116).  The  spermatic  cord  in- 
the  great  majority  of  cases  lies  posteriorly,  and  may  be  greatly  flattened 
out  if  the  hernia  is  voluminous.  In  some  instances  these  acquired  herniae 
reach  an  enormous  size,  hanging  down  almost  to  the  knees,  and  may 
contain  the  greater  part  of  the  small  intestine  and  a  portion  of  the  large. 
If  the  hernia  has  existed  for  some  time  it  will  be  found  to  have  pro- 
foundly altered  the  length  and  direction  of  the  inguinal  canal.  In  con- 
sequence of  the  traction  which  it  exercises,  the  abdominal  rings  approxi- 
mate each  other  more  and  more,  until  at  last  the  canal  is  reduced  to  a 
short  but  wide  passage  leading  directly  backwards  through  the 
abdominal  wall.  The  deep  epigastric  artery  too  in  an  old  oblique  hernia 
is  greatly  deflected  from  its  normal  course,  and  will  be  found  curving 
downwards  and  inwards  close  to  the  outer  edge  of  the  rectus  muscle. 
For  these  reasons  it  is  difficult,  if  not  impossible,  to  tell  in  any  given 
case  of  acquired  hernia  if  it  is  oblique  or  direct.  A  hernia  through  the 
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middle  inguinal  pouch  is  always  acquired,  and  is  particularly  liable  to 
occur  in  elderly  subjects  whose  abdominal  walls  have  become  lax.     In 
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FIG.  116. — Dissection  of  an  acquired  inguinal  hernia.  The  structures  related  to  the  hernia  in 
front  have  been  reflected,  viz.,  the  external  oblique  aponeurosis,  the  internal  oblique  and 
transversalis  muscles.  The  sac  has  been  opened  below  and  its  contents  displayed,  viz., 
a  coil  of  ileum  wound  in  spiral  fashion  upon  its  mesenteric  axis.  The  sac  of  the  hernia  is 
quite  distinct  from  the  tunica  vaginalis  and  the  testis  below.  Observe  the  transversalis  fascia 
above,  closely  applied  to  the  outer  aspect  of  the  neck  of  the  sac — formalin  preparation. 
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these  cases  the  lower  borders  of  the  transversalis  and  internal  oblique 
muscles,  together  with  their  conjoined  tendon,  have  become  atrophic  ; 
the  middle  fossa  consequently  has  no  great  resisting  power  and  readily 
yields. 

The  Hernial  Contents. — In  inguinal  hernise  the  contents  of  the  sac 
usually  consist  of  some  portion  of  the  small  or  large  intestine  (enterocele) 
with  or  without  a  piece  of  the  great  omentum,  or  the  latter  only  may  be 
present  (epiplocele\  It  should  not  be  forgotten  that  a  pouch  of  the 
bladder  may  find  its  way  into  an  inguinal  hernia.  This  is  most  likely  to 
occur  in  elderly  male  subjects  who  have  suffered  for  some  time  from 
stricture  of  the  urethra  or  enlarged  prostate,  in  both  of  which  conditions 
distension  and  atony  of  the  bladder  are  not  uncommonly  associated. 
The  hernia  of  the  bladder  may  be  primary  or  secondary.  In  the  former 
case  a  portion  of  the  viscus,  usually  its  extraperitoneal  part,  becomes 
herniated,  and  with  it  sometimes  a  large  amount  of  prevesical  fat,  almost 
amounting  to  a  lipoma,  so  that  the  nature  of  the  case  may  be  quite 
unsuspected.  As  more  of  the  bladder  becomes  involved,  the  peritoneal 
portion  will  be  drawn  in,  and  with  it  an  extension  of  the  membrane, 
in  the  form  of  a  sac,  this  latter  being  situated  behind  that  part  of  the 
bladder  which  first  protruded.  Portion  of  the  herniated  bladder,  viz., 
its  peritoneal  part,  will  therefore  lie  within  the  sac  while  the  remaining 
portion,  viz.,  its  extraperitoneal  part,  will  remain  devoid  of  any  sac. 
The  hernia  of  the  bladder  may  be  secondary.  In  this  case  an  inguinal 
hernia  is  already  in  existence,  probably  of  the  direct  type,  and  as 
its  sac  increases  at  the  expense  of  the  parietal  peritoneum  in  the 
vicinity  of  the  abdominal  aperture,  the  bladder  may  be  gradually 
drawn  in  too.  The  bladder  in  young  children  lies,  for  the  most  part, 
within  the  abdomen,  above  the  level  of  the  symphysis  pubis.  It  is 
crossed  by  a  fold. of  peritoneum — plica  transversa  vesicce — (fig.  1 15),  which 
on  each  side  may  be  traced  outwards  to  the  external  inguinal  fossa,  the 
site  of  which  is  usually  indicated  by  a  dimple  or  slight  depression.  In 
the  adult,  too,  the  presence  of  this  fold  can  usually  be  made  out.  In 
consequence  of  its  connection  with  the  bladder  on  the  one  hand,  and 
with  the  peritoneum  which  overlies  the  entrance  to  the  inguinal  canal  on 
the  other,  it  is  quite  possible  that  in  the  course  of  herniotomy, 
especially  in  children,  traction  upon  the  sac  in  attempts  to  ligature  its 
neck  high  up,  or  torsion  of  the  sac  carried  to  excess,  might  draw  a  portion 
of  the  bladder  wall  into  close  proximity  with  the  internal  abdominal  ring, 
or  even  into  the  canal  itself,  where  it  would  run  the  risk  of  becoming 
twisted  or  perhaps  wounded  in  passing  some  of  the  deeper  sutures.  This 
awkward  accident  has  on  more  than  one  occasion  led  to  urinary  infiltra- 
tion in  the  deeper  parts  of  the  wound  and  fistulae  discharging  in  the 
inguinal  region. 

The  Coverings  of  the  Hernial  Sac  are  usually  enumerated  with  great 
care  in  anatomical  text-books,  and  students  are  disposed  in  consequence 
to  regard  them  with  far  more  respect  and  to  credit  them  with  a  far  greater 
degree  of  importance  than  they  deserve.  To  the  surgeon  the  exact 
number  of  layers  which  invest  the  sac  is  a  matter  of  indifference.  In 
many  cases,  and  especially  in  large  old  standing  herniae,  they  are  so 
stretched  and  attenuated  as  to  be  quite  unrecognisable.  The  coverings 
of  the  sac  in  a  congenital  hernia  are  identical  with  those  which  the 
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testicle  carried  before  it  in  its  descent.  From  without  inwards  they  are, 
skin,  superficial  fascia  with  which  the  dartos  is  associated,  intercolumnar 
fascia,  cremasteric  fascia,  transversalis  or  infundibuliform  fascia,  an  exten- 
sion of  the  extraperitoneal  fat,  and  the  sac  or  tunica  vaginalis.  The  cover- 
ings of  the  sac  in  an  oblique  inguinal  hernia  are  the  same.  The  sac  itself, 
however,  is  new  formed,  and  derived  from  the  parietal  peritoneum.  A 
direct  inguinal  hernia  may  possibly  carry  before  it  a  covering  from  the 
conjoined  tendon,  but  this  relationship  is  probably  of  short  duration, 
viz.,  while  the  hernia  is  of  small  proportions.  As  it  increases  in  size 
it  will  follow  the  direction  of  least  resistance,  and  consequently  will 
escape  from  beneath  the  conjoined  tendon,  and  force  its  way  immediately 
through  the  external  ring.  In  this  hernia  the  coverings  are,  skin,  super- 
ficial fascia,  intercolumnar  fascia,  transversalis  fascia,  extraperitoneal  fat, 
and  the  peritoneum  or  sac  of  the  hernia. 

Taxis. — This  term  implies  the  various  manipulations  which  are 
employed  in  the  reduction  of  a  hernia.  When  it  is  performed  upon  an 
inguinal  hernia,  it  is  essential  to  bear  in  mind  the  direction  of  the 
inguinal  canal,  because  it  is  in  the  same  direction  that  pressure  must  be 
made  in  effecting  reduction,  that  is,  slightly  upwards,  outwards,  and  back- 
wards. Again,  in  every  case  of  complete  inguinal  hernia,  the  tumour,  by 
reason  of  its  weight,  bends  sharply  downwards  over  the  pubis  immedi- 
ately after  emerging  from  the  external  abdominal  ring.  The  first 
step  in  reduction,  consequently,  will  consist  in  elevating  the  scrotum  in 
order  to  bring  it  into  line  with  the  long  axis  of  the  inguinal  canal.  The 
lower  limb  on  the  same  side  should  be  flexed  at  the  hip  and  adducted 
by  making  it  cross  its  fellow.  The  object  of  this  attitude  is  to  relax 
Poupart's  ligament,  which  normally  is  held  tense  by  the  fascia  lata  of  the 
thigh,  and  also  the  margins  of  the  external  and  internal  abdominal  rings. 
At  these  orifices  one  is  most  liable  to  encounter  obstruction,  and  it  is 
either  here  or  in  the  neck  of  the  sack  that  strangulation  most  commonly 
takes  place.  With  the  thumb  and  two  fingers  of  one  hand  the  hernia 
is  compressed  laterally  close  to  its  neck ;  with  the  other  hand  the 
scrotum  is  raised  and  brought  into  proper  line.  Having  first  drawn 
down  the  hernia  to  a  slight  extent  so  as  to  elongate  it  and  free  it  at 
its  neck,  uniform  pressure  is  applied  by  the  fingers  which  are  spread 
over  it.  Reduction  may  proceed  slowly  at  first,  but  finally  the  mass 
slips  back  quite  suddenly,  and  is  accompanied  frequently  by  a  gurgling 
sound. 

Herniotomy. — The  two  main  conditions  for  which  herniae  are  sub- 
jected to  operative  treatment  are,  for  the  relief  of  strangulation,  or  for 
the  purpose  of  effecting  a  radical  cure.  The  various  methods  which  have 
been  recommended  for  carrying  this  out  in  the  inguinal  region  comprise 
a  long  series  of  operations.  A  great  many  of  these,  however,  possess  one 
serious  defect,  namely,  they  do  not  aim  at  strengthening  the  inguinal 
canal,  but  on  the  contrary  leave  it  in  a  very  insecure  state.  In  children 
and  young  adults  with  good  muscular  development,  neglect  to  repair  the 
inguinal  canal  may  not  be  a  matter  of  serious  moment,  but  the  necessity 
of  this  precaution  in  elderly  subjects  with  weak,  flabby  muscles  and  a 
widely  dilated  canal  cannot  be  sufficiently  emphasised.  The  objects 
which  it  is  desirable  to  attain  then  may  be  considered  twofold,  (a)  to 
remove  the  sac,  having  carefully  reduced  its  contents  and  closed  it 
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at  its  neck  where  it  enters  the  internal  ring  ;    (b}  to  reconstitute  the 
inguinal  canal. 

The  operation  which  appears  to  suit  the  requirements  of  the  last 
type  of  case  most  fully  is  that  devised  and  carried  out  by  Bassini,  or 
one  of  its  numerous  modifications.  Bassini's  procedure  is  briefly  as 
follows.  An  oblique  incision  about  three  inches  long  is  made  in  the 
long  axis  of  the  inguinal  canal.  It  commences  over  the  external 
abdominal  ring  and  extends  outwards  about  half  an  inch  above  and 
parallel  to  Poupart's  ligament.  The  external  ring  is  exposed,  and 
commencing  at  its  apex  the  aponeurosis  of  the  external  oblique  is 
divided  along  one  of  the  thin  interspaces  which  separate  its  tendinous 
bands  up  to  the  level  of  the  internal  ring.  The  sac  of  the  hernia  is  now 
isolated  from  the  spermatic  cord  up  to  its  point  of  exit  from  the  abdomen 
at  the  internal  ring.  Excessive  traction  upon  the  serous  membrane  is  to 
be  avoided,  lest  the  bladder  wall  should  be  drawn  into  the  canal.  The 
neck  of  the  sac  is  now  ligatured  and  the  distal  portion  removed.  The 
lower  margins  of  the  internal  oblique  andtransversalisand  their  coalescence 
in  the  conjoined  tendon  are  freely  exposed  (figs.  113  and  114).  While 
the  cord  is  held  upwards  out  of  the  wound,  these  are  brought  down  and 
sutured  to  the  deep  aspect  of  Poupart's  ligament,  care  being  taken 
not  to  constrict  the  spermatic  vessels  where  they  traverse  the  internal 
abdominal  ring.  The  cord  is  now  laid  over  the  sutured  muscles,  the 
incision  in  the  aponeurosis  of  the  external  oblique  is  also  sutured,  and 
the  external  abdominal  ring,  if  unduly  large,  is  reduced  to  smaller 
dimensions.  Lastly,  the  superficial  part  of  the  wound  is  closed. 

The  great  feature  of  this  operation  is  that  it  deals  not  only  with 
the  hernia  itself,  but  has  the  additional  object  of  strengthening  the 
inguinal  canal,  so  as  to  prevent  recurrence.  It  recognises  the  weak  point 
in  the  canal,  namely,  the  gap  which  intervenes  between  the  lower  borders  of 
the  internal  oblique  and  transversalis  muscles  above  and  Poupart's  ligament 
below,  and  it  aims  at  strengthening  the  canal  by  closing  this  gap  in  the 
manner  which  has  been  described.  In  one  respect  at  least  the  structural 
character  of  the  muscles  in  the  inguinal  region  does  not  lend  itself  to  an 
operation  of  this  nature  owing  to  the  great  preponderance  of  the  tendinous 
element  in  the  deeper  parts  which  are  brought  together — conjoined  ten- 
don and  Poupart's  ligament.  Even  though  the  operation  of  Bassini  be 
carried  out  in  the  most  perfect  manner  possible,  there  is  always  the  risk 
that  the  transversalis  and  internal  oblique  muscles  will  gradually  detach 
themselves  from  Poupart's  ligament,  with  which  they  have  never  acquired 
very  firm  cohesion,  and  ascend  to  their  former  level.  The  results  of 
this  operation,  however,  and  its  very  general  adoption  by  surgeons,  stamp 
it  as  a  sound  surgical  procedure. 

The  probability  of  a  radical  cure  being  effected  is  greatest  in  children 
and  young  subjects  in  whom  the  muscles  are  developing  and  gaining  in 
strength,  and  in  whom  also  the  inguinal  canal  is  gradually  assuming  a 
more  oblique  direction  as  it  passes  from  the  infantile  to  the  adult 
condition.  In  older  subjects,  however,  who  have  had  a  hernia  for  a  con- 
siderable period,  and  whose  muscles  are  weak  and  flabby,  the  inguinal 
canal  has  become  converted  into  a  patulous  ring,  and  the  chances  of  a 
radical  cure  are  extremely  remote.  No  matter  what  operation  is  per- 
formed, recurrence  will  probably  take  place,  more  especially  if  an  undue 
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amount  of  strain  be  thrown  upon  the  cicatrix  after  healing  of  the  wound 
has  taken  place.  Should  herniotomy  be  performed  for  strangulation,  it  is 
important  to  know  in  what  direction  the  incision  should  be  made  in  order 
to  relieve  the  constriction.  The  site  at  which  this  occurs  is  found  to 
vary,  it  may  be  at  the  external  or  internal  abdominal  ring,  or  even  in  the 
neck  of  the  sac  itself.  The  method  which  is  generally  adopted  dates 
back  to  the  time  of  Sir  Astley  Cooper.  Its  object  is  to  avoid  wounding 
the  deep  epigastric  artery  at  the  same  time  that  the  constriction  is 
relieved.  The  rule  is,  to  incise  the  constricting  band  in  an  upward  and  in- 
ward direction,  parallel  to  the  course  of  the  artery.  It  matters  not,  then, 
whether  the  hernia  is  of  the  indirect  or  direct  variety,  the  incision  will 
not  wound  the  vessel,  but  will  lie  parallel  to  it,  and  either  upon  its  inner 
or  outer  side. 

THE  SCROTUM,   TESTICLE   AND   TUNICA   VAGINALIS. 

The  scrotum  is  of  the  nature  of  an  integumentary  bag,  within  which  the  testes  and  the  lower 
portions  of  the  spermatic  cords  are  contained.  Originally  it  consisted  of  two  folds,  one  on 
each  side  of  the  urogenital  furrow,  which  in  the  female  remain  permanently  separate  as  the 
labia  majora,  but  in  the  male  fuse  with  each  other,  a  permanent  trace  of  their  fusion  being 
represented  by  the  median  raphe  which  is  continued  into  the  perineal  integument  at  the  back  of 
the  scrotum,  and  along  the  lower  aspect  of  the  penis  in  front.  Structurally  each  fold  consists  of 
the  integument  and  the  subcutaneous  tissue,  within  which  is  found  a  layer  of  smooth  muscular  tissue 
— the  dartos.  In  addition  to  these  tissues  others  enter  into  the  composition  of  the  scrotal  wall, 
,viz.,  those  which  have  been  derived  from  the  abdominal  parietes  and  precede  the  testis  in  its 
'  descent ' ;  from  within  outwards  they  are,  the  parietal  peritoneum,  the  loose  extraperitoneal 
tissue,  with  which  is  associated  a  considerable  amount  of  smooth  muscle,  the  transversalis  fascia, 
the  cremasteric  fascia,  and  the  intercolumnar  fascia  (see  '  Descent  of  Testis,' p.  403). 

The  Scrotal  Integument  is  characterised  by  its  delicate  texture  and  by  its  colour,  which  is 
usually  darker  than  that  of  the  adjoining  regions.  Very  commonly  it  presents  a  wrinkled  or 
corrugated  appearance,  brought  about  by  the  contraction  of  the  dartos.  When  this  relaxes, 
however,  the  scrotum  elongates,  and  the  skin  becomes  much  smoother.  The  scrotal  skin  is  rich 
in  sebaceous  glands,  it  also  contains  a  number  of  hairs. 

The  Subcutaneous  Stratum  is  peculiar  in  that  it  is  devoid  of  fat.  The  dartos  layer,  which 
lies  immediately  beneath  the  skin,  is  continued  backwards  to  the  perineum,  and  is  prolonged  for 
some  distance  into  the  superficial  perineal  fascia  (Colles) ;  in  front,  another  extension  from  it 
reinforces  the  subcutaneous  layer  of  the  penis. 

The  two  sides  of  the  scrotum  are  separated  by  a  median  septum,  formed  by  the  dipping  in  of 
the  dartos  tissue,  so  that  a  distinct  sac  surrounds  each  testis. 

The  Arteries  which  supply  the  scrotum  are  ( I )  the  stiperficial  perineal  from  the  internal 
pudic  ;  (2)  the  superficial  and  deep  external pudic  branches  of  the  femoral  (fig.  112),  and  (3)  the 
cremasteric  artery  from  the  deep  epigastric.  This  last  vessel  is  distributed  to  the  deeper  layers  of 
the  scrotum,  the  others  have  a  more  superficial  distribution. 

The  Lymphatics  of  the  scrotum  form  an  exceedingly  rich  network,  and  the  main  stems 
which  issue  from  it  reach  the  inner  group  of  the  inguinal  glands. 

The  Nerv.es  which  supply  the  skin  of  the  scrotum  are  ( I )  the  superficial  perineal  branches  of 
the  internal  pudic  ;  (2)  the  long  pudendal  branch  of  the  small  sciatic,  and  (3)  the  ilio- inguinal,  a 
branch  of  the  lumbar  plexus  which  emerges  through  the  external  abdominal  ring. 

THE  TUNICA  VAGINALIS.— This  serous  membrane,  which  is  originally  derived 
from  the  peritoneum  of  the  abdominal  parietes,  clothes  the  inner  aspect  of  the  scrotum,  the 
greater  part  of  the  testis  and  of  the  epididymis,  and  accordingly  is  said  to  consist  of  a  parietal 
and  a  visceral  layer.  These,  however,  are  quite  continuous,  they  form  a  closed  serous  sac  and 
normally  rest  in  contact  with  each  other.  The  visceral  layer  dips  in  between  the  upper  part  of 
the  testis  and  the  epididymis  so  as  to  form  a  pouch,  the  digital  fossa  or  sinus  of  the  epididymis, 
the  orifice  leading  into  which  looks  outwards.  The  membrane  extends  for  a  short  distance 
above  along  the  cord,  covering  it  in  front  and  upon  each  side.  Below,  it  is  reflected  from 
the  lower  extremity  of  the  epididymis  and  testis  over  a  short  rounded  band,  the  scrotal  ligament, 
which  is  the  representative  of  the  jgubernaculum  of  the  foetus.  The  portion  of  the  testis 
uncovered  by  the  tunica  vaginalis  corresponds  to  the  posterior  border  or  hilum  of  the  gland 
where  the  vessels  and  nerves  enter  and  emerge,  and  where  the  secretory  duct  or  vas  deferens 
passes  upwards  to  the  cord. 

THE  TESTICLE. — This  important  sexual  organ  is  suspended  in  contact  with  the 
posterior  wall  of  the  scrotum  by  the  spermatic  cord  and  its  investing  tunics,  but  more  especially 
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by  the  cremaster  muscle,  that  on  the  left  side  as  a  rule  occupying  a  slightly  lower  level  than  the 
right.  In  shape  the  testis  is  oval,  and  compressed  from  side  to  side ;  it  is  free  in  the  greater 
part  of  its  extent,  and  is  invested  by  the  tunica  vaginalis.  By  its  posterior  border  and  upper 
extremity  it  is  connected  with  and  suspended  by  the  spermatic  cord,  by  its  lower  extremity  it  is 
connected  with  the  bottom  of  the  scrotum  by  the  scrotal  ligament. 

The  Epididymis  is  connected  with  the  posterior  border  of  the  testicle,  and  extends 
for  some  distance  over  its  upper  extremity  and  outer  aspect.  Its  shape  is  approximately  cres- 
centic,  and  it  is  mainly  composed  of  a  tube,  greatly  coiled  upon  itself,  which  at  its  proximal 
extremity  is  connected  with  the  ducts  (vasa  efferentia)  which  emerge  from  the  upper  extremity 
of  the  testis,  and  by  its  distal  or  lower  extremity  is  continued  into  the  vas  deferens.  The  epi- 
didymis  consists  of  three  parts,  viz.,  an  upper  expanded  portion,  the  globus  major  or  head,  which 
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FIG.  117. — Cross  section  of  the  scrotum  and  testis  (enlarged).  Observe  the  epididymis  behind 
and  to  the  outer  side  of  the  testis,  and  the  vas  deferens  also  behind  but  slightly  to  its  inner 
side.  The  arrangement  of  the  connective  tissue  and  glandular  elements  of  the  testis  is 
distinctly  seen. 

projects  over  the  upper  pole  of  the  testicle,  a  lower  smaller  extremity,  the  globus  minor  or  tail, 
and  an  intervening  portion,  the  body.  The  greater  part  of  the  epididymis,  as  already  noted,  is 
invested  by  the  tunica  vaginalis.  Occasionally  the  connection  between  the  testicle  and  epididymis 
is  much  less  intimate  than  usual,  and  takes  the  form  of  a  distinct  fold  of  the  tunica  vaginalis,  of 
the  nature  of  a  mesentery  (ineso-epididymis). 

The  pearly  white  envelope  or  ttinica  albuginea  which  surrounds  the  testicle  resembles  some- 
what in  appearance  the  sclerotic  coat  of  the  eyeball.  From  its  deep  aspect,  numerous  septa 
pass  backwards  with  a  radial  direction  to  a  mass  of  connective  tissue  at  the  hilum  of  the  testis, 
known  as  the  Corpus  Highmori,  or  the  mediastinum  testis.  The  glandular  tissue  which  is 
contained  between  these  septa  and  is  supported  by  them  has  a  brownish  colour  and  a  very  soft 
consistency  ;  the  mode  of  arrangement  of  the  septa  just  mentioned  renders  its  lobulated 
character  very  evident  on  a  cross  section  of  the  gland  (fig.  117).  Each  lobule  is  made  up  of 
the  seminiferous  tubes,  two,  three  or  more  in  each  lobule  ;  they  are  greatly  convoluted,  in  some 
places  they  are  branched  and  are  held  together  by  a  small  quantity  of  connective  tissue.  The 
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interior  of  the  tubules  is  occupied  by  epithelial  cells  arranged  in  several  layers,  and  from  these 
the  spermatozoa  are  formed.  Between  the  tubules  there  is  some  loose  connective  tissue,  rich  in 
lymphatic  spaces  and  capillary  blood-vessels. 

Near  the  mediastinum  testis  the  convoluted  tubes  assume  a  straight  course,  and  unite  with  one 
another  so  as  to  form  a  number  of  duct-like  passages,  the  tubitli  recti.  These  become  connected 
with  a  system  of  vessels  or  tunnelled  spaces  in  the  mediastinum — the  rete  testis  of  Haller — which 
at  the  upper  extremity  of  the  organ  converge  to  a  series  of  tubes,  twelve  to  fifteen  in  number, 
which  are  called  the  vasa  efferentia.  These  pierce  the  tunica  albuginea,  and  at  first  pursue  a 
straight  course,  gradually  becoming  convoluted,  however,  and  forming  a  corresponding  number 
of  conical  masses,  the  basal  extremities  of  which  are  directed  peripherally.  They  are  known  as 
the  coni  vasctilosi,  and  constitute  the  main  mass  of  the  globus  major.  The  individual  vasa 
efferentia  open  separately  into  a  single  canal,  which  is  continuous,  usually  with  the  uppermost 
of  the  group,  and  forms  an  extremely  tortuous  passage — the  canal  of  the  epididymis.  This  is 
continued  at  the  lower  extremity  of  the  testis  into  the  vas  deferens.  The  blood-vessels  of  the 
testis  will  be  considered  with  the  spermatic  cord  (p.  423). 

The  appearances  presented  by  the  Scrotum  in  the  adult  depend 
mainly  upon  its  tonicity,  i.e.  the  degree  of  contraction  or  relaxation  of  its 
dartos  tissue.  In  health  it  is  puckered  and  well  braced  up  ;  in  debilitated 
conditions,  however,  or  in  consequence  of  exposure  to  heat,  the  dartos 
relaxes,  the  scrotum  elongates,  its  surface  becomes  smooth,  and  its 
division  into  an  upper  constricted  portion  or  root  and  a  lower  portion  or 
fundus  is  more  evident.  In  young  children  the  scrotum  is  proportionally 
of  small  dimensions,  somewhat  conical  in  outline,  and  broader  above 
than  below.  In  elderly  men  the  relaxed  condition  is  the  rule. 

The  wrinkling  action  of  the  dartos  upon  the  scrotal  integument  is 
seen  in  cases  of  wounds,  through  the  tendency  which  their  margins  have 
to  invert  and  interfere  with  their  proper  adjustment.  JFor  this  reason  a 
scrotal  incision  is  usually  avoided,  one  situated  in  the  region  of  the 
external  ring  being  substituted  for  it.  Such  an  incision  affords  good 
access  to  the  cord,  testis,  or  tunica  vaginalis,  owing  to  the  free  range  of 
mobility  which  these  parts  possess,  and  the  ease  with  which  they  may  be 
made  to  protrude  in  the  inguinal  region. 

A  swollen  condition  of  the  Scrotum  is  usually  due  to  infiltration 
of  its  loose  subcutaneous  tissue.  The  latter  is  continuous  with  the 
superficial  fascia  of  the  perineum  behind,  with  that  of  the  penis  and 
anterior  abdominal  wall  in  front,  and  accordingly  haemorrhagic  or  other 
extravasations  may  spread  through  the  entire  extent  of  this  wide 
district.  The  rule  that  leeches  should  not  be  applied  to  the  scrotum  has 
much  to  commend  it,  as  its  non-observance  has  frequently  been 
followed  by  extensive  haemorrhagic  extravasation.  An  cedematous 
condition  of  the  scrotum  is  usually  present  in  cases  of  general  anasarca, 
such  as  occurs  in  certain  forms  of  nephritis  (Brighfs  disease)  and  heart 
disease.  When  an  extensive  inflammatory  swelling  of  the  scrotum 
(cellulitis)  comes  under  observation,  the  first  thing  which  suggests  itself 
to  one's  mind  is,  that  it  is  probably  the  result  of  extravasation  of 
urine  travelling  forwards  from  the  perineum.  If  any  doubt  exists,  the 
diagnosis  will  be  promptly  settled  by  the  passage  of  a  bougie  into  the 
urethra.  If  a  stricture  be  detected,  and  if  with  it  there  is  a  history  of 
urinary  trouble — difficult  micturition,  etc. — the  case  is  probably  one  of 
extravasation,  and  must  be  treated  accordingly  (see  Applied  Anatomy  of 
the  Perineum).  Extensive  cellulitis  of  the  scrotum,  however,  may  occur 
independently  of  urinary  extravasation.  The  process  is  very  acute, 
swelling  comes  on  rapidly,  its  spread  being  favoured  too  by  the  laxity 
of  the  tissues  and  the  abundant  lymphatic  networks  of  the  part.  The 
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skin  becomes  smooth,  tense,  and  glossy,  and  gangrene  of  the  scrotal 
tissues  tends  to  supervene  unless  appropriate  treatment  be  applied,  free 
incisions  being  usually  demanded. 

Epithelioma  of  the  Scrotum,  or  "  Chimney  Sweep's  Cancer?  as  it  is 
sometimes  termed,  is  a  form  of  malignant  disease  (squamous  celled 
epitheliomd)  which  has  been  supposed  to  have  its  origin  in  irritation  of 
the  skin  caused  by  soot.  It  was  of  comparatively  frequent  occurrence 
in  former  years,  but  is  rare  nowadays,  a  fact  which  is  to  be  attributed 
probably  to  the  better  hygienic  conditions  of  the  artisan  classes.  The 
growth  begins  usually  as  a  wart  or  papilloma  which  finally  ulcerates 
and  spreads  both  in  depth  and  superficial  extent,  and  eventually  may 
cause  the  destruction  of  almost  the  entire  scrotum.  The  inguinal  glands 
which  are  in  connection  with  the  lymphatic  vessels  of  the  diseased 
part  become  enlarged.  They  coalesce  with  each  other  and  fuse  with  the 
surrounding  tissues,  a  large  swelling  meanwhile  developing  in  the  groin. 
The  overlying  skin  ultimately  gives  way,  the  mass  fungates,  and  a  deep 
excavated  ulcer  forms  in  Scarpa's  triangle. 

Elephantiasis  of  the  Scrotum  is  a  somewhat  rare  condition,  in  which 
this  part  is  greatly  enlarged  from  chronic  hypertrophy  of  the  skin  and 
the  subcutaneous  cellular  tissue.  At  first  it  resembles  an  attack  of 
inflammatory  oedema,  but  the  infiltration  of  the  tissues  is  succeeded  by  a 
diffuse  fibrous  overgrowth.  On  section,  the  mass  is  seen  to  be  traversed 
by  large  white  fibrous  bands,  between  which  there  is  a  quantity  of 
osdematous  connective  tissue.  It  is  probable  that  the  direct  cause  lies 
in  obstruction  of  the  lymphatics  of  the  scrotum.  In  some  districts  the 
disease  is  endemic  (West  Indies,  Ceylon),  and  has  been  regarded  as  being 
caused  by  blocking  of  the  lymphatic  vessels  by  the  Filariasanguinis.  In 
some  cases,  however,  scrotal  elephantiasis  cannot  be  explained  in  this 
way,  but  is  probably  allied  to  a  similar  condition  met  with  occasionally 
in  the  legs  and  obviously  of  inflammatory  origin.  The  treatment  usually 
employed  is  free  incision,  care  being  taken  to  preserve  the  testes  and 
spermatic  cords. 

THE  TESTIS  AND  EPIDIDYMIS.— An  accurate  knowledge  of 
the  normal  relationships  which  exist  between  the  testis  and  the 
epididymis  is  all-important  in  conducting  the  examination  of  these 
parts  in  their  diseased  states,  as  both  are  easily  felt  and  recognised  by 
palpation  of  the  scrotum.  The  healthy  testis  is  firm  and  elastic  to  the 
feel,  its  surface  is  quite  smooth,  and  if  squeezed  beyond  a  certain  limit 
a  peculiar  sense  of  pain  is  experienced,  which  is  usually  described  as 
'  normal  testicular  sensation!  The  different  portions  of  the  epididymis 
are  easily  distinguished,  especially  the  globus  major  or  head  which 
surrounds  the  upper  extremity  of  the  testis. 

Enlargement  of  the  testis  and  epididymis  of  an  inflammatory  nature 
is  not  uncommon,  and  may  be  brought  about  by  various  exciting 
agencies — tubercle,  syphilis,  gonorrhoea,  injury — and  in  the  diagnosis 
of  any  particular  case  much  valuable  information  will  be  obtained  by 
noting  which  part  is  mainly  enlarged,  or  if  both  are  engaged  in  the 
pathological  process ;  also  if  the  testis  exhibits  its  normal  degree  of 
sensibility  to  pressure,  and  if  its  surface  retains  its  smooth  contour. 
Thus,  chronic  enlargement  of  the  epididymis  without  any  evident 
alteration  in  the  state  of  the  body  of  the  testis  is  suggestive  of 
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tubercular  or  gonorrhoeal  inflammation,  and  the  latter  especially  can 
be  traced,  as  a  rule,  to  extension  of  infection  backwards  along  the  vas 
deferens  from  the  prostatic  urethra.  Tubercular  epididymitis  may  be 
started  by  bacilli  carried  to  the  part  by  the  blood  stream.  This  disease 
shows  a  very  marked  proclivity  to  extend  upwards  along  the  vas  and  to 
infect  other  portions  of  the  genito-urinary  tract — seminal  vesicles,  bladder, 
prostate,  and  kidneys — and  for  this  reason,  its  early  removal  is  much  to 
be  desired. 

The  sensation  conveyed  to  the  finger  by  an  enlarged  epididymis  is 
very  characteristic  ;  it  assumes  the  form  of  a  crescent,  in  the  concavity  of 
which  the  testis  is  contained  and  partially  hidden.  Sometimes  the 
enlargement  of  the  epididymis  is  nodular  and  confined  to  one  part, 
usually  the  globus  major  or  globus  minor. 

Should  the  effect  of  the  inflammatory  process  be  to  cause  obliteration 
of  the  tube  of  the  epididymis  or  the  commencement  of  the  vas  deferens, 
the  function  of  the  testis,  so  far  as  the  secretion  of  the  seminal  fluid  is 
concerned,  is  rendered  null  and  void,  and  if  obliteration  should  occur  on 
both  sides,  sterility  will  be  the  inevitable  consequence. 

Owing  to  the  close  connection  which  exists  between  the  body  of  the 
testis  and  the  epididymis,  disease  shows  a  tendency  to  spread  from  one 
to  the  other ;  thus  tubercular  or  gonorrhceal  epididymitis  is  very  often 
followed  by  an  extension  to  the  testis,  and  when  both  of  these  are 
affected  the  condition  is  known  as  epididymo-orchitis. 

Enlargement  of  the  body  of  the  testis,  of  slow  development,  without 
any  apparent  alteration  in  the  epididymis,  and  especially  if  testicular 
sensation  be  diminished  or  entirely  in  abeyance,  will  probably  be  found 
to  have  a  syphilitic  origin  {syphilitic  orchitis).  Rapid  enlargement  of  the 
body  of  the  testis,  often  without  history  of  injury,  or  gonorrhoea,  and  in 
the  absence  of  inflammatory  symptoms,  is  strongly  suggestive  of 
malignant  disease. 

Malignant  disease  of  the  Testis  appears  to  be  most  frequently  of 
the  sarcomatous  type,  although  carcinoma  of  the  gland  is  not  uncommon. 
Both  forms  present  a  soft  or  medullary  consistency  as  a  rule.  The 
sarcoma  originates  in  the  connective  tissue,  the  cancer  in  the  epithelial 
elements  of  the  gland.  The  various  characteristics  of  malignant  growths 
generally  are  well  seen  in  the  testicle ;  they  tend  to  increase  rapidly  in 
situ,  infiltrating  and  replacing  the  normal  tissues  and  gradually  approach- 
ing the  skin  surface.  Extensions  also  to  remote  points  (inetasiases)  take 
place  by  the  blood  stream  or  by  the  lymphatics.  The  former  mode  of 
extension  is  most  common  in  the  case  of  sarcomatous  growths  ;  they  will 
probably,  therefore,  develop  secondarily  in  the  lungs,  or  they  may  spread 
beyond  these  throughout  the  body.  Lymphatic  extension  is  the  rule 
with  cancer  of  the  testis,  the  iliac  and  lumbar  glands  being  those  most 
closely  connected  with  the  ascending  lymph  stream.  The  inguinal 
glands  do  not  enlarge  in  these  cases  except  at  a  late  period,  and  only 
when  the  growth  has  involved  the  scrotal  integument.  A  peculiar 
feature  of  sarcomatous  growths  of  the  testis  is  their  frequently  mixed 
character,  that  is  to  say,  they  are  often  associated  with  masses  of 
cartilage,  myxomatous  and  muscular  tissue,  and  one  not  infrequently 
observes  tumours  in  which  all  these  tissues  are  present  (chondro-myo- 
myxo-sarcoma\ 
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Abnormalities  in  the  position  of  the  Testis. — An  account  of  the 
descent  of  the  testis  has  been  given  with  the  applied  anatomy  of  the 
inguinal  canal  (p.  403).  Irregularities  in  its  position,  however,  which 
are  by  no  means  uncommon,  are  usually  of  a  congenital  character,  and 
are  to  be  referred  to  some  defect  in  the  natural  course  of  events  leading 
up  to  the  advent  of  the  testis  into  the  scrotum.  The  following  are 
deserving  of  note. 

i.  Inversion  of  the  Testis. — The  testis  may  succeed  in  reaching  the 
scrotum,  but  occupy  an  inverted  position  within  it.  Its  posterior  or 
attached  border  is  directed  forward,  its  anterior  or  free  border  backwards, 


_,  Spermatic  Vessels. 
.._-    Testis. 

..  Gubernaculum. 
--  Vas  Deferens. 


FIG.  118. — Specimen  of  undescended  testis — iliac  retention.  The  body  of  the  testis,  with  the 
epididymis  in  a  rudimentary  condition,  is  suspended  by  a  distinct  pedicle  within  the  iliac 
fossa.  The  vas  deferens  is  seen  descending  into  the  pelvis;  the  gubernaculum — plica 
gubernatrix — extends  from  the  lower  border  of  the  pedicle  to  the  internal  abdominal  ring, 
and  the  spermatic  vessels  are  contained  within  the  fold  of  peritoneum  which  extends  between 
the  testis  and  the  colon — plica  vascularis. 

and  the  tunica  vaginalis  is  situated  at  its  lower  and  posterior  part. 
Should  a  vaginal  hydrocele  develop  under  such  conditions,  the  testis  will 
be  pushed  forward  by  the  fluid,  and  may  be  wounded  by  a  trochar  in 
the  performance  of  tapping  unless  the  unusual  position  of  the  testis 
has  been  recognised  beforehand  by  the  ordinary  tests. 

2.  Retained  or  undescended  Testis. — The  testis  may  fail  to  reach 
the  scrotum  and  remain  anchored  at  some  point  between  its  original 
abdominal  site  and  the  scrotum.  Thus,  it  may  be  situated  in  contact 
with  the  posterior  wall  of  the  abdomen,  and  connected  to  it  by  means 
of  a  stalk  or  pedicle  (abdominal  retention) ;  in  the  iliac  fossa  (iliac 
retention),  an  example  of  which  is  seen  in  fig.  118  ;  within  the  inguinal 
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canal  (inguinal  or  interstitial  retention) ;  or  it  may,  having  emerged  from 
the  external  ring,  occupy  the  fold  between  the  scrotum  and  the  thigh, 
but  fail  to  descend  further  (cruro-scrotal  retention}.  The  two  last  varieties 
are  the  most  frequent.  It  has  been  already  noted  that  an  incompletely 
descended  testis  is  often  associated  with  hernia. 

The  term  cryptorcliism  (single  or  double)  is  applied  to  these  cases  in 
which  one  or  both  testes  are  hidden  from  view.  Monorchism  signifies 
the  absence  of  one  testicle,  anorcliism  the  absence  of  both. 

Wide  differences  of  opinion  exist  as  to  why  the  testis  should  fail  to 
complete  its  descent.  Among  the  numerous  hypothetical  causes  which 
have  been  suggested,  the  following  are  deserving  of  mention :  (i)  intra- 
uterine  peritonitis ;  (2)  the  small  size  of  the  external  abdominal  ring ; 
(3)  maldevelopment  of  the  inguinal  canal ;  (4)  absence  or  malposition 
of  one  or  more  of  the  upper  or  lower  attachments  of  the  gubernaculum  ; 
(5)  shortness  of  the  vas  deferens  ;  (6)  short  spermatic  vessels  ;  (7)  a  long 
mesorchium,  which  enables  the  testis  to  float  within  the  abdomen. 
Operation  is  sometimes  resorted  to  in  cases  of  inguinal  and  cruro-scrotal 
retention  in  order  to  bring  down  the  testis  and  anchor  it  at  the  bottom 
of  the  scrotum  (orchidopexy). 

3.  Ectopia  Testis. — Not  only  may  the  testis  fail  to  reach  the  scrotum, 
but  the  position  which  it  acquires  cannot  be  regarded  merely  as  the 
result  of  an  incomplete  descent,  but  rather  as  a  deviation  from  its 
normal  path.  In  the  course  of  its  transit  it  may  miss  the  inguinal 
canal  and  leave  the  abdomen  by  the  femoral  ring,  and  take  up  its 
position  on  the  front  of  the  thigh  (femoral  ectopid)  ;  this,  however, 
is  very  rare.  A  much  more  common  form  is  that  in  which  the 
testis  having  traversed  the  inguinal  canal,  subsequently  overshoots  the 
mark  and  comes  to  rest  in  the  perineum,  in  front  of  the  anus  and 
beneath  the  superficial  perineal  fascia  (perineal  ectopid).  These  cases 
are  probably  explained  by  faulty  lower  insertions  of  the  gubernaculum 
testis. 

Hydrocele. — Fluid  collections  of  a  serous  character  are  very  frequently 
found  within  the  scrotum.  The  more  common  form  is  that  which 
occupies  the  general  cavity  of  the  tunica  vaginalis,  or  vaginal  hydrocele. 
Another  variety  is  what  is  known  as  encysted  hydrocele  of  the  tunica 
vaginalis  ;  it  is  really  independent  of  the  latter,  however,  merely  bulging 
into  it,  and  apparently  has  its  origin  as  a  rule  in  connection  with  the 
epididymis. 

Vaginal  Hydrocele. — The  effusion  is  sometimes  of  an  acute  type  and 
associated  with  inflammation  of  the  testis  and  epididymis  (acute 
hydrocele},  and  has  consequently  been  termed  secondary  or  symptomatic 
hydrocele.  In  its  more  typical  form  a  vaginal  hydrocele  is  distinctly 
chronic,  the  effusion  collects  very  slowly  and  is  unaccompanied  by  pain 
or  evident  distress,  hence  its  name,  primary,  idiopathic,  or  essential 
hydrocele.  However,  there  is  reason  to  believe  that  in  a  large  per- 
centage of  cases  some  pathological  condition  of  the  testis  or  epididymis 
exists,  difficult  perhaps  of  recognition,  but  yet  sufficient  to  account 
for  the  effusion.  Such  hydroceles  occasionally  attain  an  enormous 
size,  distending  the  scrotum,  and  perhaps  compressing  the  testis  to 
an  injurious  extent.  As  a  rule,  the  gland  is  situated  at  the  lower  and 
back  part  of  the  sac. 
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Different  forms  of  vaginal  hydrocele  have  been  described,  the 
differences  depending  upon  the  relationships  which  they  bear  to  the 
tunica  vaginalis.  The  ordinary  form  is  that  in  which  the  vaginal 
process  has  been  obliterated  to  within  a  short  distance  of  the  upper 
extremity  of  the  testis. 

Infantile  Hydrocele  is  associated  with  incomplete  obliteration  of  the 
vaginal  process.  It  is  shut  off  from  the  general  peritoneal  cavity  in  the 
region  of  the  internal  or  external  ring,  and  in  such  cases  when  an  effusion 
collects  within  the  tunica  vaginalis  it  may  distend  the  non-obliterated 
portion  of  the  vaginal  process  and  give  rise  to  an  appearance  closely 
resembling  an  inguinal  hernia;  it  cannot  be  returned,  however,  into  the 
abdominal  cavity. 

Congenital  Hydrocele  is  associated  with  complete  patency  of  the 
vaginal  process  throughout  the  inguinal  canal.  The  passage,  which 
may  be  very  narrow  and  tortuous,  communicates  with  the  abdominal 
cavity  above,  with  that  of  the  tunica  vaginalis  below.  The  distinctive 
clinical  feature  which  characterises  an  effusion  of  this  type  is  the  possi- 
bility of  returning  its  contents  either  partially  or  completely  into  the 
abdominal  cavity.  It  is  liable  to  be  mistaken  for  a  hernia. 

Encysted  Hydrocele. — This  variety  is  usually  found  in  connection 
with  the  epididymis.  Such  cystic  collections  are  frequently  multiple, 
being  represented  by  a  number  of  small  subserous  cysts,  the  exact 
nature  of  which  is  open  to  some  doubt.  Not  uncommonly  these  cystic 
swellings  attain  large  dimensions,  and  their  fluid  contents,  which  may 
be  opalescent,  are  found  in  many  instances  to  contain  a  varying  amount 
of  spermatozoa  (spermatocele).  Different  views  have  been  put  forward 
to  explain  the  mode  of  development  of  these  cysts,  such  as  (a)  the 
dilatation  of  a  seminal  tube,  in  fact  a  retention  cyst  (Listen) ;  (b)  lateral 
caecal  dilatation  of  one  of  the  ducts  of  the  epididymis — stalked  hydatid 
(Reclus) ;  (c)  rupture  of  one  of  the  vasa  efferentia  (Gosselin) ;  (d) 
certain  foetal  relics  which  are  found  normally  in  the  region  of  the  epidi- 
dymis, viz.,  the  Organ  of  Giraldes,  which  is  situated  in  front  of  the  lower 
extremity  of  the  cord,  and  which  consists  of  a  number  of  convoluted 
tubes  with  blind  extremities,  and  are  vestiges  of  the  tubes  of  the  Wolffian 
body  ;  the  Hydatid  of  Morgagni  (sessile  hydatid)^  viz.,  the  representative 
of  the  upper  end  of  the  duct  of  Miiller,  the  homologue  of  the  free  ex- 
tremity of  the  Fallopian  tube  in  the  female;  the  vas  aberrans  of  Haller, 
a  blind  tube  which  comes  off  from  the  distal  extremity  of  the  canal 
of  the  epididymis,  and  the  real  origin  of  which  is  to  be  found  in  one 
of  the  Wolffian  ducts  of  the  foetus. 

THE  SPERMATIC  CORD. — The  spermatic  cord  commences  at  the  upper  and  back 
part  of  the  testis,  for  which  it  forms  a  pedicle ;  it  suspends  the  gland  within  the  scrotum  and 
terminates  at  the  level  of  the  internal  abdominal  ring.  In  its  first  or  scrotal  stage  it  ascends 
almost  vertically  to  the  anterior  aspect  of  the  crest  of  the  pubis,  having  similar  coverings  to 
those  already  described  as  belonging  to  the  scrotum.  In  its  second  stage  it  traverses  the 
inguinal  canal,  and  at  the  internal  abdominal  ring  its  main  constituents  separate  and  pursue 
different  directions.  The  structures  which  enter  into  the  composition  of  the  cord  are — 

(i)  The  Vas  Deferens  or  duct  of  the  testis.  (2)  The  artery  to  the  vas  deferens,  usually  a 
branch  of  the  superior  vesical  (int.  iliac).  (3)  The  Deferential  Veins.  (4)  The  Deferential  nerve 
plexus,  an  offshoot  of  the  pelvic  plexus  of  the  sympathetic.  These  structures  are  closely  grouped 
together  and  are  situated  as  a  rule  at  the  posterior  part  of  the  cord.  (5)  The  Spermatic  artery 
(aorta).  (6)  The  Spermatic  plexus  of  veins  (pampiniform).  These  surround  and  partially 
conceal  the  artery.  (7)  The  Spermatic  nerve  plexus,  a  derivative  of  the  aortic  and  renal  plexuses. 
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The  artery,  veins,  and  nerves  are  closely  connected  together  so  as  to  be  inseparable  from  each 
other.  (&)  Lymphatics.  These  are  connected  above  with  the  iliac  and  lumbar  glands.  (9)  A 
delicate  fibrous  cord,  the  vestige  of  the  obliterated  vaginal  process  of  the  peritoneum, 
which  is  occasionally  capable  of  being  isolated.  (10)  The  Paradidyntis  (organ  of  Giraldes} 
already  noted  above.  (ll)  Some  smooth  muscle,  together  with  a  small  amount  ofloose  connective 
and  fatty  tissue,  which  is  continuous  internally  with  the  extraperitoneal  tissue.  (12)  The 
cremasteric  artery  (deep  epigastric)  to  the  muscle  of  the  same  name.  Surrounding  the  various 
structures  just  enumerated  there  is  a  thin  fibrous  investment  which  has  been  described  already 
as  the  infundibuliform  fascia.  It  is  a  tubular  prolongation  of  an  enshealhing  character  derived 
from  the  fascia  transversalis,  and  is  supported  on  its  exterior  by  the  cremasteric  fascia,  both 
together  forming  the  'sheath  of  the  cord.' 

The  Spermatic  Artery  (fig.  129)  takes  origin  from  the  aorta  below  the  renal ;  within  the 
abdomen  it  has  a  long  course  and  is  closely  accompanied  in  the  greater  part  of  its  extent  by 
the  spermatic  vein  and  nerve  plexus.  At  the  internal  ring  it  associates  itself  with  the  other 
constituents  of  the  cord,  and  having  reached  the  posterior  border  of  the  testis,  it  breaks  up  into 
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FIG.  119. — Cross  section  of  the  penis  and  spermatic  cord  just  beneath  the  pubic  symphysis 
(enlarged).  To  the  right  of  the  figure  the  cord  is  also  seen  in  cross  section.  The  cremaster 
fibres  form  its  outer  circumferential  investment,  and  are  represented  by  the  interrupted 
heavy  black  border.  The  spermatic  vessels  are  collected  into  a  distinct  group  in  front,  while 
the  vas  deferens  lies  more  posteriorly,  closely  accompanied  by  the  deferential  blood-vessels. 


three  or  four  main  branches  which  pierce  the  corpus  Highmori.  It  sends  a  branch  to  the 
epididymis  and  anastomoses  freely  with  the  artery  to  the  vas  deferens. 

The  Spermatic  Veins,  on  emerging  from  the  testis,  are  joined  by  others  proceeding  from 
the  globus  major.  They  ascend  in  the  cord,  and  are  arranged  in  a  plexiform  manner  (pam- 
piniform  plexus),  lying  in  front  of  the  vas  deferens  and  surrounding  the  spermatic  artery  (fig.  119). 
They  are  sometimes  alluded  to  as  the  anterior  group  of  veins,  to  distinguish  them  from  those 
which  run  with  the  vas  deferens  or  the  posterior  group.  Both  sets,  however,  communicate  freely. 
Higher  up  the  spermatic  veins  coalesce  so  as  to  form  two  main  vessels,  and  these  again  usually 
fuse  with  each  other.  On  the  left  side  the  .spermatic  vein  joins  the  left  renal  as  a  rule  ;  on  the 
right  side  it  joins  the  inferior  vena  cava. 

The  veins  which  accompany  the  vas  deferens  issue  from  the  body  and  tail  of  the 
epididymis.  They  accompany  the  vas  and  its  artery,  and  terminate  in  the  deep  epigastric 
vein. 
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The  veins  of  the  cord  anastomose  with  the  superficial  external  pudic  veins  and  also  with  the 
veins  of  the  penis. 

It  has  been  stated  (W.  H.  Bennett)  that  the  left  spermatic  vein  communicates  with  the 
veins  of  the  descending  colon  (portal  system). 

Examination  of  the  Cord. — The  first  or  ascending  stage  of  the 
spermatic  cord  is  easily  palpated  through  the  scrotal  tissues  when  these 
are  grasped  between  the  ringer  and  thumb.  The  vas  deferens  too  is 
particularly  easy  of  recognition,  owing  to  the  firm  consistency  of  its 
thick  muscular  wall. 

In  certain  pathological  conditions  the  examination  of  the  cord  may 
afford  valuable  information,  such  as  the  degree  of  varicosity  of  the 
spermatic  veins  in  cases  of  varicocele,  or  a  thickened  vas  in  cases  of 
tubercular  epididymitis,  indicating  upward  extension  of  the  disease  to 
other  parts  of  the  genito-urinary  tract. 

In  malignant  disease  of  the  testis  the  cord  on  the  same  side  is 
usually  enlarged.  This  may  to  some  extent  be  caused  by  infiltration 
of  its  tissues  by  the  growth,  but  another  factor  is  the  abnormal  dilatation 
of  the  spermatic  vessels.  The  spermatic  artery  has  been  observed  in 
such  cases  as  large  as  the  ulnar  artery  at  the  wrist  (Jacobson). 

The  volume  of  the  cord  also  is  occasionally  increased  from  the 
presence  of  cystic  swellings  along  some  part  of  its  course  (hydrocele  of 
the  cord),  which  are  usually  the  result  of  imperfect  obliteration  of  the 
processus  vaginalis. 

As  a  somewhat  rare  condition,  one  meets  now  and  then  with  an 
encapsuled  mass  of  fat  or  lipoma  enveloping  the  normal  structures  of  the 
cord  and  greatly  increasing  its  bulk.  It  is  evidently  derived  from  the 
fat  which  exists  in  varying  quantity  in  the  extraperitoneal  tissue. 

Varicocele  is  the  term  employed  to  denote  a  varicose  condition  of 
the  veins  of  the  spermatic  cord  ;  it  is  usually  most  accentuated  a  short 
distance  above  the  testis,  and  is  more  common  on  the  left  than  on  the 
right  side.  The  degree  of  varicosity  varies  considerably.  In  some  cases 
the  normal  veins  are  merely  increased  in  volume  without  showing  any 
appreciable  increase  in  number;  in  others,  the  veins  are  increased  in 
number  to  a  very  marked  extent  (W.  H.  Bennett).  Within  the  cord 
they  form  curves  and  loops,  and  are  coiled  in  such  a  way  as  to  suggest 
to  the  touch  a  sensation  as  of  a  ' bag  of  worms'  The  principal  bulk  of 
the  mass  belongs  to  the  anterior  group  of  veins  above  described,  viz., 
those  which  surround  the  spermatic  artery  and  are  accompanied  by  the 
spermatic  plexus  of  nerves. 

The  causation  of  varicocele  has  been  variously  accounted  for,  and 
numerous  explanations  have  been  offered,  among  which  may  be 
mentioned — (i)  the  great  length  and  tortuosity  of  the  spermatic  veins 
and  the  imperfect  development  of  their  valves ;  (2)  lack  of  external 
support ;  (3)  the  blood  pressure  in  the  spermatic  artery,  owing  to  the 
great  length  and  small  calibre  of  this  vessel,  is  not  calculated  to  accelerate 
the  flow  in  the  tortuous  and  elongated  spermatic  veins ;  (4)  the  fact  that 
the  left  spermatic  vein  joins  the  left  renal  at  a  right  angle,  and  that  it  is 
overlaid  by  the  pelvic  colon,  the  weight  of  which  in  cases  of  constipation 
may  impede  the  returning  venous  current;  (5)  contraction  of  the  abdom- 
inal muscles  compressing  the  veins  as  they  lie  within  the  inguinal  canal. 
As  in  the  case  of  varicosity  of  the  veins  of  the  lower  limb,  there  is  a 
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growing  tendency  to  consider  varicocele  the  result  in  large  measure  of 
congenital  weakness  of  the  vein  walls. 

Operative  treatment  of  Varicocele. — An  incision  about  one  and  a 
half  inches  in  length  is  made  in  the  inguinal  region ;  it  is  arranged  so  as 
to  avoid  the  scrotum,  and  does  not  extend  further  inwards  than  the  level 
of  the  pubic  spine.  When  the  superficial  tissues  have  been  divided,  the 
cord  is  exposed  at  its  point  of  emergence  from  the  external  abdominal 
ring,  the  finger  is  hooked  around  it,  and  it  is  drawn  forwards  into  the 
wound.  The  next  step  consists  in  dividing  the  sheath  of  the  cord — 
cremasteric  and  transversalis  fasciae — vertically  for  about  an  inch,  and 
drawing  the  divided  edges  apart  with  haemostatic  forceps.  The  vessels 
now  come  fully  into  view,  and  the  anterior  or  spermatic  group  of  veins 
is  carefully  separated  from  the  posterior  or  deferential  group,  which  is 
easily  recognised  owing  to  its  close  relationship  to  the  vas.  Ligatures 
are  applied  to  the  isolated  spermatic  veins,  from  one  to  two  inches  apart, 
and  the  intervening  mass  is  excised.  Finally,  the  proximal  and  distal 
extremities  of  the  divided  vessels  are  drawn  close  together,  and  the 
free  ends  of  each  ligature  are  passed,  one  inwards,  the  other  outwards, 
through  the  sheath,  close  to  its  divided  margin,  and  tied.  If  this  pro- 
cedure be  carried  out,  the  divided  vessels  are  brought  into  close  apposi- 
tion ;  the  lower  stump,  being  securely  anchored,  supports  the  testis,  and 
prevents  its  falling  away  to  the  bottom  of  the  scrotum  ;  the  ligatured 
vessels  too  are  snugly  enveloped  by  the  ensheathing  tissues  of  the  cord, 
which  are  folded  in  over  them  in  the  manner  described. 

As  the  spermatic  artery  and  nerves  are  inseparably  connected  with  the 
corresponding  veins  (pampiniform  plexus)  they  are  of  necessity  included 
in  the  ligatures.  The  mass  which  is  excised  varies  from  one  to  two  inches 
in  length. 

Owing  to  the  free  anastomoses  between  the  spermatic  artery  and  the 
artery  to  the  vas  deferens,  division  of  the  former  is  not  followed  as  a  rule 
by  any  serious  consequences,  such  as  loss  of  vitality  of  the  testis. 


THE  ABDOMINAL  CAVITY. 

In  the  description  given  of  the  thoracic  cavity,  it  was  noted  that  its 
extent  in  the  vertical  direction  was  considerably  limited  by  the  arch  of 
the  diaphragm,  and  that  the  upper  part  of  the  abdominal  cavity  lay 
under  shelter  of  the  chest  wall;  that  there  was,  in  fact,  an  over- 
lapping of  the  abdominal  and  thoracic  cavities — thoracico-abdominal 
zone. 

When  the  abdominal  cavity  is  viewed  from  within,  the  viscera  having 
previously  been  removed,  its  general  outline  is  found  to  be  approximately 
oval,  its  upper  limit  being  formed  by  the  concave  aspect  of  the 
diaphragm  and  its  lower  by  the  iliac  fossa  on  each  side ;  in  the  middle 
line,  however,  it  is  continued  downwards  and  backwards  without  in- 
terruption into  the  cavity  of  the  pelvis,  which  is  closed  below  by  the 
pelvic  diaphragm.  As  in  the  case  of  the  thoracic  cavity,  that  of  the 
abdomen  is  encroached  upon  by  the  vertebral  column.  The  lumbar 
spine  projects  forwards  to  such  an  extent  as  to  diminish  very  greatly 
the  antero- posterior  depth  of  the  abdominal  cavity  in  the  middle  line ; 
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this  fact  will  be  fully  appreciated  by  examining  a  horizontal  section  of 
the  trunk  at  this  level. 

Within  the  abdomen  the  viscera  are  packed  together  and  moulded 
accurately   to   each   other   and  to  the  walls   of  the   cavity  ;  their   free 
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FIG.  1 2O. — The  vertical  extent  of  the  abdominal  cavity  is  represented  in  this  figure.  Observe 
how  the  transverse  colon  extends  across  the  cavity  from  right  to  left,  separating  the  stomach 
and  liver  from  the  general  mass  of  the  small  intestines.  Note  that  the  greater  part  of  the 
liver  and  a  very  large  proportion  of  the  stomach  are  hidden  away  beneath  the  concavity  of  the 
diaphragm  and  the  costal  arches. 

surfaces,  which  are  covered  by  peritoneum,  are  smooth  and  highly 
polished,  and  glide  the  one  against  the  other  without  friction.  Some 
receive  but  a  limited  peritoneal  investment,  the  kidneys  and  pancreas 
for  example;  others,  like  the  jejuno-ileum  are  almost  completely 
surrounded,  and  in  addition  are  suspended  by  peritoneal  folds,  which 
give  them  a  free  range  of  mobility.  This  latter  property,  too,  which  is 
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shared  by  the  majority  of  the  abdominal  viscera,  but  not  to  an  equal 
extent  in  all  cases,  explains  how  their  mutual  relationships  are  subject  to 
vary  under  the  influence  of  certain  disturbing  agencies,  such  as  the  state 
of  the  hollow  viscera  as  regards  emptiness  or  distension,  the  varying 
attitudes  of  the  body,  the  movements  of  respiration,  etc.  In  the  account 
of  the  viscera  which  follows,  the  relationships  which  are  given  are  to  be 
taken  not  as  fixed  and  unalterable,  but  as  expressing  what  may  be  termed 
the  average.  They  have  been  determined  mainly  from  formalin-hardened 
viscera,  which  possess  the  great  advantage  of  retaining  their  shape  in 
a  very  perfect  way,  so  that  one  is  enabled  to  ascertain  not  alone  their 
position  within  the  body,  but  also  their  relative  areas  of  contact  with 
regard  to  each  other  at  the  time  of  death. 

It  is  important  to  remember  that  the  abdominal  viscera  are  entirely 
outside  the  peritoneal  cavity,  and  that  the  latter  is  a  completely  closed 
serous  sac,  with  the  exception,  however,  of  the  ostia  at  the  fimbriated 
extremities  of  the  Fallopian  tubes  in  the  female. 

The  general  cavity  of  the  abdomen  is  readily  subdivided  into  certain 
well  defined  districts  which  have  important  topographical  bearings  and 
very  great  practical  significance.  The  transverse  colon  and  its  mesentery 
form  a  distinct  partition  set  horizontally  within  the  cavity,  subdividing  it 
into  an  upper  orsupra-mesocolic  and  a  lower  or  infra-mesocolic  compartment ; 
this  arrangement  is  clearly  represented  in  figs.  122  and  123.  Within 
the  upper  compartment  are  contained  the  liver,  gall-bladder,  and  bile 
ducts,  the  stomach,  spleen,  the  first  and  part  of  the  second  stage  of  the 
duodenum,  and  the  pancreas,  all  of  which  structures,  it-  is  to  be  noted, 
derive  their  blood  supply  from  the  divisions  of  the  cceliac  axis  artery. 
Within  this  region  are  also  found  the  upper  portions  of  both  kidneys  and 
the  suprarenal  capsules.  The  infra-mesocolic  compartment  contains  part 
of  the  second  and  the  remaining  stages  of  the  duodenum,  the  coils  of  the 
jejuno-ileum,  the  caecum  and  appendix,  the  ascending  and  descending 
segments  of  the  colon  ;  it  corresponds  to  the  district  supplied  by  the 
superior  and  inferior  mesenteric  arteries. 

The  infra-mesocolic  compartment  is  further  subdivided  into  a  right  and 
left  portion  by  the  mesentery  of  the  jejuno-ileum,  which  stretches  as  a  par- 
tition from  the  left  side  of  the  spine  above,  downwards  to  the  right  iliac 
fossa.  The  smaller  recess  to  the  right  of  the  mesentery  is  very  narrow  below 
where  it  tapers  into  the  angular  interval  between  the  ileum  and  the  caecum  ; 
it  widens  out  considerably,  however,  above.  The  parts  included  within 
this  area  are,  certain  of  the  coils  of  the  jejuno-ileum,  the  caecum  and 
appendix,  the  ascending  colon,  the  lower  part  of  the  right  kidney  and 
part  of  the  right  ureter.  The  recess  to  the  left  of  the  mesentery,  on  the 
other  hand,  increases  in  width  as  it  is  followed  downwards  to  the  left 
iliac  fossa,  and  passes  without  interruption  into  the  cavity  of  the  pelvis. 
The  upper  extremity  of  this  recess  is  represented  by  a  deep  excavation 
at  the  left  of  the  spine,  in  front  of  the  left  kidney  and  below  the  stomach 
and  transverse  mesocolon  ;  it  contains  the  majority  of  the  coils  of  the 
jejuno-ileum,  the  descending  colon,  the  iliac  colon,  the  lower  part  of  the 
left  kidney,  and  the  abdominal  stage  of  the  left  ureter ;  it  is  seen  in  fig. 
122,  and  to  some  extent  also  in  fig.  125. 

As  an  acquaintance  with  the  developmental  history  of  the  abdominal 
portion  of  the  alimentary  canal  is  of  great  value  in  helping  to  elucidate 


THE  ABDOMINAL  CAVITY 


429 


many  points  in  its  normal  and  pathological  anatomy,  the  following  brief 
account  of  the  subject  deserves  the  attention  of  the  reader. 

DEVELOPMENT  OF  THE  ALIMENTARY  CANAL.— The  earlier  stages  in  the 
development  of  the  alimentary  canal  have  been  studied  already  with  that  of  the  abdominal  parietes 
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FIG.  121  A. — The  development  of  the  stomach  and  intestines  (Toldt).  Observe  the  primitive 
intestinal  loop  bending  into  the  duodenum  above,  into  the  colon  below.  The  parts  above 
the  umbilical  loop  are  supplied  by  the  cceliac  axis  artery  and  its  branches,  the  loop  and 
remainder  of  the  intestine  by  the  superior  and  inferior  mesenteric  arteries. 

and  the  umbilicus.  It  has  been  shown  that  at  the  end  of  the  third  week  it  is  divisible  into  three 
parts,  an  anterior  blind  extremity  or  foregut,  a  posterior  blind  extremity  or  hindgut,  and  an 
intermediate  portion  or  midgut  which  is  connected  by  a  wide  passage  with  the  yolk  sac  (fig.  109). 
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FlG.  121  B. — 8th  week.  Observe  the  great  elongation  of  the  umbilical  loop  and  the  close 
approximation  of  its  two  limbs  at  its  neck  ;  the  caecum,  too,  is  very  distinct.  The  meso- 
gaster  has  elongated,  it  is  becoming  folded  upon  itself,  giving  rise  at  the  same  time  to  a 
pouch  behind  the  stomach,  viz.,  the  lesser  peritoneal  sac.  (Toldt.) 

During  the  second  month  the  portion  of  the  midgut  in  communication  with  the  yolk  sac  is  com- 
pletely closed,  it  is  known  as  the  umbilical  loop,  and  lies  outside  the  body  walls  for  some  time, 
connected  by  a  thin  stalk  with  the  shrivelled  yolk  sac.  In  the  course  of  the  third  month  this 
stalk  disappears,  the  intestine  then  becomes  free  and  retires  within  the  abdomen. 
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A  diagrammatic  representation  of  the  umbilical  loop  is  shown  in  fig.  I2IA.  Its  junction 
with  the  foregut  is  marked  by  a  sharp  bend,  which  subsequently  becomes  the  duodeno-jejunal 
flexure.  Its  junction  with  the  hindgut  is  also  marked  by  a  sharp  bend  which  represents  the 
later  splenic  flexure  of  the  colon. 

From  the  foregut  are  developed  the  pharynx,  oesophagus,  stomach,  and  the  greater  part  of 
the  duodenum,  including  the  digestive  glands,  liver  and  pancreas. 

The  hindgut  develops  into  the  descending  iliac  and  pelvic  segments  of  the  colon  and  the 
rectum.  The  allantois,  as  already  described,  grows  out  from  the  ventral  aspect  of  the  hindgut, 
close  to  its  blind  terminal  extremity — the  cloaca. 

From  the  midgut  are  developed  portion  of  the  duodenum,  the  jejuno-ileum,  the  caecum  and 
appendix,  together  with  the  ascending  and  transverse  segments  of  the  colon. 

The  umbilical  loop  is  supplied  with  blood  by  the  superior  mesenteric  artery.  The  part  in 
front  of  the  artery  or  the  anterior  limb  of  the  loop  becomes  the  jejuno-ileum  and  receives  a  large 
number  of  vessels.  The  posterior  segment  of  the  loop  at  an  early  period  presents  a  small 
diverticulum,  which  subsequently  becomes  the  caecum  (fig.  I2IA).  Three  branches  are  given  to 
the  posterior  limb  by  the  superior  mesenteric  artery  and  correspond  to  what  are  subsequently 
known  as  the  ileo-colic,  right  colic,  and  middle  colic  arteries. 
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FlG.  121  c. — This  diagram  shows  the  manner  in  which  the  primitive  loop  of  the  intestine 
undergoes  rotation  from  the  left  to  the  right  side  of  the  abdominal  cavity — middle  of  4th 
month.  (Toldt.) 

The  hindgut  is  at  first  straight,  and  receives  the  inferior  mesenteric  artery  through  its 
mesentery  by  which  it  is  suspended  from  the  spine.  The  portion  of  the  foregut  corresponding  to 
the  stomach,  duodenum,  and  the  accessory  glands — liver  and  pancreas — and  the  spleen  also  are 
supplied  with  blood  by  the  divisions  of  the  cceliac  axis  artery.  The  changes  which  succeed  in  this 
segment  of  the  canal  are  fairly  simple.  The  stomach  portion  increases  in  size  and  becomes  dis- 
tinctly differentiated  from  the  remainder.  It  is  suspended  from  the  spine  by  a  mesenteric  fold, 
the  mesogaster  or  dorsal  mesentery,  and  by  means  of  another  fold,  viz. ,  the  ventral  mesentery,  from 
the  anterior  abdominal  wall.  The  liver  grows  in  between  the  layers  of  the  latter  of  these  folds, 
but  vestiges  of  it  persist  throughout  life  as  the  lesser  omentum  and  the  falciform  ligament.  As  the 
stomach  continues  to  develop  it  undergoes  a  certain  amount  of  rotatory  movement,  whereby  its 
hitherto  posterior  border  (greater  curvature]  comes  forwards  and  to  the  left,  and  its  anterior  border 
(lesser  c^lrvature)  backwards  and  to  the  right.  The  duodenum  meanwhile  approaches  more  to 
the  right  side  and  comes  into  relation  with  the  posterior  abdominal  wall. 

In  the  umbilical  loop,  the  anterior  limb  elongates  rapidly  and  forms  a  series  of  coils  (fig.  I2IB). 
At  the  same  time  the  entire  loop  describes  a  rotatory  movement  around  the  long  axis  of  its  mesen- 
tery, as  the  result  of  which  its  posterior  limb,  which  corresponds  to  the  portion  of  the  large  intestine 
between  the  caecum  and  the  splenic  flexure  of  the  colon,  crosses  from  the  left  to  the  right  side 
of  the  abdomen  (fig.  12  ic).  The  caecum  now  lies  in  front  of  the  right  kidney,  and  the  hepatic 
flexure  has  acquired  a  position  in  front  of  the  duodenum.  The  different  parts  of  the  intestine 
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also  are  arranged  with  regard  to  each  other  very  much  as  they  are  in  the  adult.  From  the  lower 
part  of  the  hindgut  a  loop  develops,  and  draws  out  a  mesenteric  fold  with  it ;  this  is  the  loop 
which  is  subsequently  known  as  the  pelvic  or  sigmoid  colon.  Some  further  facts  relative  to  the 
caecum  and  appendix  will  be  considered  later,  with  their  general  anatomy. 

The  Mesenteric  Folds. — The  mesentery  proper  which  suspends  the  jejuno-ileum  is  the 
simplest  of  the  series  ;  it  deviates  but  little  from  its  original  mesial  position  in  the  early  embryo 
as  it  extends  between  the  duodeno-jejunal  flexure  above  and  the  ileo-csecal  junction  below. 

The  complicated  arrangement  of  the  large  intestine  is  to  be  attributed  to  the  axial  rotation  of 
the  primitive  umbilical  loop,  which  brings  the  mesentery  of  the  ascending  colon  into  contact  with 
the  peritoneum  on  the  posterior  abdominal  wall.  Three  layers  of  serous  membrane  therefore  lie 
one  over  the  other.  The  two  deeper  layers  completely  disappear,  however,  and  only  the  anterior 
remains,  and  the  posterior  aspect  of  the  colon,  although  originally  possessed  of  a  serous  covering, 
loses  it  at  a  subsequent  period.  A  similar  succession  of  events  leads  up  to  the  establishment  of 
the  permanent  peritoneal  relationships  of  the  descending  colon.  The  transverse  colon  retains  its 
original  mesenteric  fold — with  certain  modifications  about  to  be  noted.  Its  right  extremity, 
which  has  been  forced  back  into  contact  with  the  posterior  abdominal  wall,  overlies  the  duo- 
denum, and  the  opposing  surfaces  come  directly  into  contact  (fig.  121  c).  Occasionally  both 
the  ascending  and  descending  segments  of  the  colon  retain  their  original  mesenteric  folds  and  are 
suspended  by  these  from  the  posterior  abdominal  wall,  the  entire  colon  floating  freely  like  the 
jejuno-ileum  (see  colon  relationships,  p.  488  et  seq. ). 

The  changes  which  take  place  in  the  mesenteric  apparatus  of  the  stomach  and  upper  part  of 


Liver. 


Lesser  Sac  of  the  Peritoneum. 
Stomach. 
Transverse  Colon. 
Duodenum. 


-  Bladder. 


FIG.  1 2 1  D.  — Vertical  sagittal  section  through  the  abdominal  cavity,  showing  the  arrangement 
of  the  peritoneal  reflexions  in  the  adult.     (Merkel.) 

the  duodenum  are  of  a  more  complicated  nature.  In  the  course  of  the  rotatory  movement  which 
is  executed  by  the  stomach  the  direction  of  the  mesogaster  alters.  It  elongates,  and  is  directed 
in  such  a  way  that  its  left  surface  comes  into  apposition  with  the  peritoneum  on  the  posterior 
abdominal  wall  and  fuses  with  it ;  its  right  surface  lies  in  contact  with  the  posterior  wall  of  the 
stomach  (fig.  121  B).  Lower  down,  the  duodenum  has  come  into  contact  with  the  posterior 
abdominal  wall  and  adheres  to  it.  The  fold  of  peritoneum  connected  with  the  lesser  curvature  of 
the  stomach  (ventral  mesentery)  assumes  an  anterior  position  and  is  directed  upwards  to  the  liver. 
It  will  be  evident,  therefore,  that  in  consequence  of  these  changes  a  small  pouch  exists,  bounded 
in  front  by  the  stomach  and  lesser  omentum,  behind  by  the  mesogaster,  and  that  it  communicates 
with  the  general  cavity  of  the  peritoneum  by  a  narrow  aperture  above  the  adherent  portion  of  the 
duodenum.  This  aperture  becomes  the  foramen  of  Winslo~a),  and  the  pouch  into  which  it  leads 
is  the  vestibule  of  the  lesser  peritoneal  sac. 

In  the  subsequent  course  of  development  the  mesogaster  continues  to  elongate,  and  as  it  does 
so  it  protrudes  as  a  cul-de-sac  from  beneath  the  stomach  over  the  transverse  colon  and  the 
general  mass  of  the  small  intestines  (fig.  121  D).  At  first  this  long  drawn  out  mesogaster  or  great 
omentum  is  quite  separate  from  the  transverse  colon  and  its  mesentery,  and  indeed  may  continue 
so  throughout  life,  but  this  is  rare.  Usually  it  becomes  firmly  adherent  to  the  transverse  colon 
and  its  mesentery,  and  the  subsequent  relationships  of  these  parts  tend  to  produce  an 
erroneous  impression,  viz.,  that  the  colon  is  contained  between  the  layers  of  the  great  omentum. 


432 


APPLIED  ANATOMY 


Structures  contained  between  the  layers  of  the 
hepato-duodenal  ligament. 


Pylorus. 
i 

Inferior  Vena  Cava. 

Suprarenal  \ 

•  Capsule.  \ 

Duodenum.  \ 


Hepatic 
Flexure  \ 
of  Colon. 


Right  Crus  of  the  Diaphragm. 

Cardiac  Extremity  of  Stomach. 

Gastro-hepatic  Omentum. 

Antrum  Pylori. 

/     Cut  Margin  of  the  Gastro- 
colic  or  Great  Omentum. 

'        Anterior  Basal  Angle 
of  the  Spleen. 


Caecum. 

Divided  Margin  of 
the  Mesentery.  , 

Ovarian  Vessels. 


Ureter.  / 

Fallopian  Tube. 


Coil  of  Jejunum. 
Loop  ot  the;.Pelvic  Colon. 
Upper  Surface  of  the  Bladder. 


FlG.  122. — Dissection  of  the  intra-abdominal  structures,  the  stomach  being  retained  in  situ — 
from  a  young  female  subject,  formalin  preparation.  This  figure  gives  a  good  representa- 
tion of  the  supra-  and  infra-mesocolic  compartments  of  the  abdominal  cavity.  Observe  the 
approximately  horizontal  position  of  the  stomach,  the  sharp  curve  described  by  its  lesser 
curvature,  and  the  backward  direction  of  its  pyloric  segment.  Observe  also  that  the  cardiac 
extremity  of  the  stomach  forms  a  very  decided  angle  with  the  oesophagus.  _LThe  deep  recess 
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The  cavity  enclosed  within  the  cul-de-sac  formed  by  the  folding  and  elongation  of  the 
mesogaster  or  great  omentum  (fig.  121 D)  may  persist  (lesser  peritoneal  sac),  but  frequently 
these  layers  fuse  from  the  level  of  the  transverse  colon  down  to  their  free  extremity,  the  result 
being  that  the  stomach  appears  to  be  connected  to  the  colon  by  a  peritoneal  fold  (the  gastro-colic 
ligament}. 

THE  STOMACH. 

The  stomach  is  the  expanded  portion  of  the  alimentary  tube  which  is 
interposed  between  the  termination  of  the  oesophagus  and  the  commence- 
ment of  the  small  intestine  (fig.  1 22).  It  is  situated  beneath  the  left  cupola 
of  the  diaphragm,  occupying  a  large  part  of  the  left  hypochondrium  and 
extending  from  this  into  the  epigastric  region.  Its  general  shape  is 
pyriform,  and  it  presents  for  examination  the  following  parts  :  two  orifices, 
cardiac  and  pyloric ;  two  curvatures,  a  greater  and  a  lesser;  and  the  follow- 
ing subdivisions,  fundus,  pyloric  segment,  and  body. 

The  Cardia  or  point  of  junction  between  the  stomach  and  oesophagus  is  directed  downwards, 
but  presents  also  a  very  decided  inclination  to  the  left  side,  and  is  the  most  fixed  part  of  the 
stomach.  It  indicates  the  level  from  which  the  curvatures  commence  ;  the  lesser  curvature  on  the 
right  side  passes  without  any  external  line  of  demarcation  from  oesophagus  to  stomach,  the 
greater  curvature  on  the  left  side,  however,  makes  a  sharp  angle  with  the  cardia.  The  latter 
is  situated  on  the  left  side  of  the  spine,  opposite  the  tenth  or  eleventh  dorsal  vertebra,  but  is 
separated  from  it  by  the  aorta  and  the  crura  of  the  diaphragm.  In  front,  the  cardia  is  related  to 
the  notch  on  the  posterior  surface  of  the  left  lobe  of  the  liver.  The  level  of  the  cardia  may  be 
indicated  on  the  surface  of  the  body  in  front  by  a  point  a  little  outside  the  junction  of  the  seventh 
left  costal  cartilage  with  the  sternum. 

The  Pylorus  is  more  mobile  than  the  cardia,  and  therefore  is  more  liable  to  vary  in  position, 
especially  when  the  stomach  passes  from  its  empty  and  contracted  state  to  that  of  full  distension. 
The  junction  of  the  stomach  with  the  duodenum  is  marked  externally  by  a  circular  constriction 
(duodeno-pyloric),  internally  by  the  pyloric  valve  (fig.  123).  It  occupies  a  lower  and  a  more  anterior 
plane  than  the  cardiac  orifice.  When  the  stomach  is  empty  the  position  of  the  pylorus  is  usually 
from  half  to  three-quarters  of  an  inch  to  the  right  of  the  middle  line,  at  the  level  of  the  first 
lumbar  vertebra.  This  point  would  correspond  approximately  to  the  centre  of  a  line  connecting 
the  suprasternal  notch  with  the  upper  border  of  the  symphysis  pubis,  or  about  two  and  three- 
quarter  inches  above  the  umbilicus  (Addison).  It  is  concealed  beneath  the  liver  and  lies  to 
the  left  side  of  the  gall-bladder,  resting  below  and  behind  upon  the  neck  of  the  pancreas. 
The  pyloric  valve  is  situated  in  the  coronal  plane,  its  gastric  orifice  has  a  stellate  lumen  and 
looks  forwards ;  its  duodenal  orifice  in  its  contracted  state  has  a  close  resemblance  to  the  os 
uteri  externum  and  looks  directly  backwards  (Cunningham). 

The  Curvatures. — The  Greater  Curvature  begins  at  the  cardia  in  the  sharp  angle  between 
the  oesophagus  and  the  fundus.  It  is  at  first  directed  backwards  and  upwards  around  che  latter, 
and  then  forwards  from  left  to  right,  with  a  slight  inclination  downwards  ;  finally  it  assumes  an 
upward  bend  as  it  approaches  the  pylorus  (fig.  122).  Sometimes  there  is  a  constriction  at  the 
commencement  of  the  pyloric  subdivision  of  the  stomach,  which  is  indicated  upon  the  greater  curva- 
ture by  a  well  defined  notch,  especially  when  the  stomach  is  moderately  distended  (fig.  124).  The 
principal  relations  of  the  greater  curvature  are  as  follows :  to  the  left,  the  gastro-splenic  omentum  ; 
below,  the  gastro-colic  or  great  omentum  to  which  it  gives  attachment.  The  transverse  colon  is 


occupied  by  the  liver  and  the  structures  contained  within  it  correspond  to  the  wide  area 
to  the  right  of  the  supramesocolic  compartment.  Note  the  inferior  vena  cava  divided  at  the 
right  of  the  spine.  In  front  and  slightly  to  the  left  side  of  this  large  vessel  are  seen  the  bile 
duct,  the  portal  vein,  and  the  hepatic  artery,  while  the  intervening  slit-like  interval  is  known 
as  the  'foramen  of  Winslow,'  viz.,  the  narrow  passage  of  communication  w«hich  leads  from  the 
greater  into  the  lesser  peritoneal  sac.  Observe  the  deep  position  of  the  right  kidney.  The 
caecum  occupies  an  unusually  high  level,  and  consequently  an  ascending  colon  can  scarcely 
be  said  to  exist.  In  the  inframesocolic  compartment  the  descending,  iliac  and  pelvic, 
segments  of  the  colon  present  a  very  typical  arrangement,  while  the  direction  and  mode  of 
branching  of  the  inferior  mesenteric  artery  are  clearly  represented.  Note  the  ureter  on  the 
right  side  crossing  the  brim  of  the  pelvis,  and  the  ovarian  vessels  a  short  distance  further 
forwards.  The  horizontal  shelf  formed  by  the  transverse  colon  and  its  mesentery  is  very 
evident  in  this  figure. 
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usually  found  in  close  relationship  to  it  (fig.  122).  When  the  stomach  enlarges  the  colon  descends 
and  occupies  a  lower  level ;  when  the  stomach  is  empty  the  colon  ascends  and  may  come  to  lie 
behind  the  abdominal  wall  in  the  epigastrium  and  partially  fill  the  stomach  recess.  Below  the 
level  of  the  fundus  the  greater  curvature  is  related  to  an  arterial  arch,  formed  by  the  right  and  left 
gastro-epiploic  arteries,  which  are  contained  between  the  layers  of  the  gastro-colic  omentum. 

The  Lesser  Curvature  looks  backwards  and  to  the  right  (fig.  122).  It  curves  around  the  spine 
in  a  direction  downwards,  forwards,  and  to  the  right,  from  the  cardia  to  the  pylorus.  Above,  it  is 
continued  without  any  external  line  of  demarcation  into  the  right  margin  of  the  oesophagus.  It 
gives  attachment  to  the  gastro-hepatic  or  lesser  amentum,  and  is  related  to  an  arterial  arch 
formed  by  the  pyloric  and  coronary  vessels,  which  are  contained  between  the  layers  of  the  gastro- 
hepatic  omentum.  It  is  covered  by  the  left  lobe  of  the  liver,  and  the  tuber  omentale  of  the 
pancreas  lies  within  its  concavity  (fig.  123). 

Subdivisions  of  the  Stomach. — The  Fundus  is  the  expanded  extremity  of  the  organ  which 
lies  to  the  left  of  the  cardia.  It  is  inclined  slightly  upwards  and  backwards,  and  its  highest  point 
lies  beneath  the  left  vault  of  the  diaphragm,  slightly  above  and  to  the  inner  side  of  the  level  of 
the  heart's  apex. 

The  Pyloric  Portion  forms  the  more  attenuated  right  extremity  of  the  stomach.  It  is  limited 
on  the  right  by  the  duodeno-pyloric  sulcus,  on  the  left  its  junction  with  the  body  of  the  stomach 
is  sometimes  indicated  by  a  constriction  in  the  stomach  wall.  When  viewed  in  the  distended 
state,  the  pyloric  portion  has  a  somewhat  sacculated  outline  ;  the  larger  sacculus,  lying  to  the  left, 
is  the  ant  rum  pylori,  or  pyloric  vestibule  ;  it  enlarges  greatly,  and  advances  more  to  the  right  when 
the  stomach  is  distended.  The  much  narrower  part  to  its  right  is  the  pyloric  canal ;  it  extends  up 
to  the  valve  and  is  a  little  more  than  an  inch  in  length. 

The  Body  of  the  Stomach  lies  between  the  fundus  and  the  pyloric  segment ;  its  general  direction 
is  very  nearly  horizontal,  and  its  surfaces  for  the  most  part  look  upwards  and  downwards. 

Relations  of  the  Stomach. — If  the  stomach  is  examined  in  a  state  of  moderate  distension 
it  is  found  to  occupy  a  deep  recess,  the  boundaries  of  which  are  very  constant  and  definite 
(Birmingham).  Its  roof,  which  is  rounded  or  dome-shaped,  slopes  downwards  posteriorly  :  it 
is  formed  by  the  lower  concave  surface  of  the  left  lobe  of  the  liver  and  by  the  diaphragm,  upon 
which  lie  the  base  of  the  left  lung  and  a  portion  of  the  pericardium,  with  the  left  ventricle  of  the 
heart.  A  small  part  of  the  spleen  may  advance  upwards  and  inwards  here,  especially  when  the 
organ  is  enlarged.  Below,  the  recess  has  a  very  distinctyfiw  (fig.  123)  which  slopes  gently  from 
behind,  forwards  and  downwards,  and  several  very  important  structures  enter  into  its  forma- 
tion. Behind  and  to  the  left  the  stomach  rests  upon  the  spleen,  winch  is  hollowed  out  to 
receive  it.  The  upper  surface  of  the  pancreas,  which  lies  further  forwards,  is  moulded  with 
the  greatest  accuracy  to  the  stomach  wall,  while  above  or  rather  behind  its  caudal  extremity 
the  splenic  vessels  pursue  their  characteristic  wavy  course.  In  the  angular  interval  between 
the  spleen  and  pancreas  the  stomach  comes  into  close  relationship  with  a  portion  of  the 
anterior  surface  of  the  left  kidney  and  suprarenal  capsule,  the  peritoneum  of  the  lesser  sac,  how- 
ever, intervening.  In  front  of  the  pancreas  the  floor  is  carried  forwards  and  slightly  downwards  by 
the  transverse  mesocolon  and  by  the  transverse  colon  itself,  which  forms  the  limit  of  the  floor 
or  bed  of  the  stomach  in  front.  The  duodeno-jejunal  flexure  and  the  coils  of  small  intestine 
lie  beneath  the  transverse  mesocolon,  filling  up  the  deep  recess  in  front  of  the  left  kidney  and 
forming  an  elastic  supporting  cushion  for  the  stomach  (fig.  122),  On  its  left  side  the  fundus  of  the 
stomach  is  related  to  the  spleen  and  the  diaphragm,  and  indirectly  to  the  left  pleural  cavity,  the 
lower  edge  of  the  left  lung,  and  the  thoracic  wall.  On  its  right  side  the  stomach  recess  presents 
an  angle  formed  by  the  approximation  of  the  roof  and  the  floor,  the  pylorus  lying  within  the  angle 
(fig.  123).  In  front,  the  stomach  is  concealed  for  a  considerable  extent  beneath  the  diaphragm 
in  the  left  hypochondriac  region  ( Traube's  space}  lying  beneath  the  ribs  and  costal  cartilages,  from 
the  fifth  to  the  eighth.  Part  of  the  anterior  surface  of  the  stomach  comes  forwards  into  the 
epigastrium,  and  lies  behind  the  anterior  abdominal  wall.  Further  to  the  left  the  anterior  aspect 
of  the  stomach  is  overlaid  by  the  left  lobe  of  the  liver.  The  lower  limit  of  the  stomach,  when  the 
latter  is  moderately  distended,  corresponds  to  a  horizontal  line  on  the  surface  of  the  body  con- 
necting the  tenth  costal  cartilages. 

The  general  outline  of  the  stomach  is  pyriform,  having  its  long  axis  directed  almost 
horizontally  and  very  nearly  in  the  antero-posterior  plane.  Its  wider  end  or  fundus  looks 
almost  directly  backwards  and  occupies  the  deep  recess  beneath  the  liver  and  the  left  cupola  of 
the  diaphragm.  Its  anterior  part,  much  more  attenuated,  has  a  slight  inclination  downwards  as 
well  as  forwards,  with  the  exception  of  its  terminal  segment,  which  curves  upwards,  backwards, 
and  to  the  right  to  meet  the  duodenum.  The  stomach  forms  a  sort  of  spiral  curve  between  the 
fundus  and  the  pylorus. 

Blood -Vessels. — The  stomach  receives  a  rich  blood  supply.  The  principal  vessels  distributed 
to  it  form  two  arterial  arches ,  which  are  related  respectively  to  the  greater  and  lesser  curvatures. 
The  vessels  in  relation  to  the  lessrr  curvature  are  the  pyloric  branch  of  the  hepatic  artery 
running  from  right  to  left,  and  the  coronary  artery  running  from  left  to  right.  In  addition  to  the 
branch  of  the  latter  vessel  which  runs  between  the  layers  of  the  gastro-hepatic  omentum,  another 
branch  closely  corresponding  in  size  runs  in  the  same  direction,  but  on  a  deeper  plane  ;  it  is 
contained  within  a  special  fold  of  peritoneum  which  is  raised  up  from  the  posterior  wall  of  the 
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lesser  sac  and  applied  to  the  lesser  curvature  ;  it  also  anastomoses  with  a  branch  of  the  pyloric 
artery.  The  fold  within  which  this  vessel  is  contained  is  known  as  the  deep  ligament  of  the 
stomach,  or  as  the  ligament  of  the  coronary  artery. 


Pancreas.       Cardiac  Orifice  of  the  Stomach. 


Thoracic  Aorta. 


Left  Suprarenal  Capsule. 
i    Left  Kidney. 


Spleen  (Facies  Gastrica). 


Hepatic  Flexure  of  the  Colon. 

Pyloric  Orifice  of  the  Stomach. 

Commencement  ot 
the  Jejunum. 

Transverse  Colon. 

Lower  Pole  of  the  Left  Kidney. 

FIG.  123. — Dissection  ot  the  supramesocolic  compartment  ot  the  abdomen  in  a  young  male 
subject. — Formalin  preparation.  This  figure  should  be  studied  carefully  in  conjunction 
with  the  one  preceding.  The  stomach  has  been  removed  from  its  recess,  but  the  liver  still 
remains  in  situ.  It  is  evident  from  an  inspection  of  this  illustration  that  the  stomach  rests 
upon  a  shelf  which  is  very  nearly  horizontal  in  direction  and  is  made  up  of  the  following 
parts  from  before  backwards — transverse  colon,  transverse  meso-colon,  pancreas,  left  kidney, 
spleen,  and  splenic  vessels,  and  the  left  suprarenal  capsule.  Observe  the  cardiac  orifice 
directed  downwards  and  to  the  left,  and  that  of  the  pylorus  with  its  contracted  lumen 
directed  from  before  backwards.  Note  the  position  of  the  fundus  of  the  gall-bladder.  The 
hepatic  and  splenic  flexures  of  the  colon  are  very  typical  in  their  arrangement ;  the  form  of 
curvature  of  the  transverse  colon,  too,  is  very  regular — see  description  in  text.  Note  the 
great  antero-posterior  depth  of  the  inframesocolic  compartment.  The  anterior  relations  of 
the  left  kidney  will  be  readily  appreciated  by  studying  this  figure,  and  also  the  fact  that  it  is 
related  partly  to  the  supra-  and  partly  to  the  inframesocolic  compartment. 

Some  branches  of  the  coronary  artery  supply  the  lower  extremity  of  the  oesophagus,  they 
pass  through  the  oesophageal  opening  in  the  diaphragm  and  anastomose  with  the  cesophageal 
branches  of  the  thoracic  aorta. 

The  arterial  arch  in  relation  to  the  greater  curvature  of  the  stomach  is  contained  between 
the  layers  of  the  great  omen  turn,  and  is  constituted  by  the  right  gastro-epiploic  artery,  a  branch 
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of  the  gastro-duodenal,  and  the  left  gastro-epiploic ,  a  branch  of  the  splenic.  This  arch  fails  to 
reach  the  left  extremity  of  the  greater  curvature,  but  is  brought  into  communication  with  the 
lesser  arch  by  means  of  the  vasa  brevia,  which  reach  the  stomach  from  the  splenic  artery  by  way 
of  the  gastro-splenic  omentum. 

The  relationships  of  this  arterial  arch  to  the  stomach  vary.  When  the  viscus  is  empty, 
each  arch  is  very  tortuous  and  from  half  to  three-quarters  of  an  inch  distant  from  the  corresponding 
curvature  ;  with  distension  of  the  stomach,  however,  both  arches  come  into  closer  contact  with  its 
wall,  but  never  to  such  an  extent  as  to  be  injuriously  stretched. 

The  blood  returning  from  the  stomach  is  carried  away  by  the  splenic  and  superior  mesenteric 
veins  ;  some  branches,  however,  pyloric  and  coronary,  pass  directly  into  the  portal  vein.  It  has 
been  stated  that  there  is  a  communication  between  the  veins  of  the  stomach  and  the  inferior  vena 
cava  which  acts  as  a  link  between  the  systemic  and  portal  systems. 

Lymphatics. — Three  lymphatic  plexuses  have  been  described  in  the  stomach  wall,  and  as 
being  situated  respectively  in  the  mucous  membrane,  inthesubmucous,  and  muscular  layers.  The 
larger  lymphatic  trunks  which  lead  away  from  these  are  connected  with  glands  which  lie  along  the 
greater  and  lesser  curvatures  ;  the  majority  of  those  from  the  fundus  associate  themselves  with  the 
vasa  brevia  and  find  their  way  to  the  splenic  glands. 

Nerves. — The  nerves  of  the  stomach  are  furnished  by  the  two  vagi  and  by  the  coeliac  plexus 
of  the  sympathetic. 

The  above  description  of  the  stomach  has  reference  to  the  organ  in  a 
state  of  moderate  distension.  It  is  of  considerable  importance,  however, 
to  consider  how  far  its  position,  shape,  and  relations  become  modified, 
both  when  it  is  empty  and  contracted,  and  when  it  has  undergone  marked 
distension.  These  states  occur  normally  throughout  life,  and  in  disease 
they  are  not  uncommonly  found  in  an  exaggerated  form. 

Contracted  Stomach. — As  in  the  case  of  the  contracted  urinary 
bladder,  it  would  appear  that  this  phase  in  the  condition  of  the  stomach 
is  brought  about  by  the  tonic  contraction  of  its  walls.  The  viscus  retains 
its  pyriform  shape,  its  long  axis,  too,  is  directed  for  the  most  part  in  the 
antero-posterior  plane,  and  is  nearly  horizontal.  The  lesser  curvature  is 
sharply  bent  where  the  body  of  the  stomach  meets  the  pyloric  segment. 
This  latter  is  much  narrowed  and  presents  a  smooth  rounded  appearance 
externally,  not  unlike  a  piece  of  small  intestine  moderately  distended. 
The  pylorus  lies  deeply  beneath  the  left  lobe  of  the  liver,  a  little  to 
the  right  of  if  not  exactly  in  the  middle  line.  The  transverse  colon  is 
not  infrequently  found  to  have  curved  upwards  in  front  of  the  contracted 
stomach,  lying  between  it  and  the  anterior  abdominal  wall.  On  section, 
the  contracted  stomach  is  circular,  and  its  lumen  is  for  the  most  part 
filled  by  folds  of  mucous  membrane,  which  apparently  are  not  capable  of 
undergoing  active  shrinkage  as  the  gastric  muscular  tissue  contracts. 
This  is  the  form  of  stomach  usually  found  in  those  who  suffer  from  the 
effects  of  stricture  of  the  oesophagus  (fibrous  or  malignant  variety}, 
when  it  is  impossible  for  food  in  any  quantity  to  reach  the  stomach. 

Distended  Stomach. — The  normal  stomach  is  capable  of  under- 
going a  considerable  degree  of  distension  (megalogastrid)  without  any 
pathological  condition  necessarily  being  present,  and  when  empty  it 
returns  to  its  normal  contracted  shape  as  there  has  not  been  any  impair- 
ment in  its  elasticity  or  contractile  power.  As  the  stomach  passes  from 
the  phase  of  contraction  to  that  of  full  distension,  the  main  changes  in  its 
shape  and  relations  are  as  follows.  The  lesser  curvature  appears  to 
remain  more  or  less  fixed  ;  the  stomach  walls  expand  from  it  in  different 
directions,  and,  with  the  exception  of  opening  out  slightly,  it  appears  to 
undergo  but  little  change.  The  fundus  enlarges  in  an  upward  and  back- 
ward direction  beneath  the  diaphragm,  pushing  it  upwards,  and  with 
it  the  base  of  the  left  lung  and  the  heart.  The  body  of  the  stomach 
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similarly  ascends  beneath  the  liver  and  the  diaphragm.  The  greater 
curvature  advances  forwards,  and  as  it  does  so,  it  displaces  the  colon 
downwards  and  comes  into  fuller  relationship  with  the  anterior  abdominal 
wall.  The  stomach  bed  undergoes  certain  changes.  Its  posterior  part, 
which  is  formed  by  the  solid  organs  (fig.  123),  undergoes  little  alteration, 
but  in  front  of  the  pancreas  it  sinks  to  a  very  considerable  extent,  the 
transverse  mesocolon  is  now  directed  more  obliquely  from  before  back- 
wards and  upwards,  and  the  small  intestines  are  pressed  downwards  and 
backwards  by  the  expanding  stomach  (Birmingham).  The  long  axis  of 
the  stomach  is  not  so  horizontal,  but  is  directed  from  the  fundus,  with  a 
more  decided  obliquity  downwards  and  to  the  right,  gliding  down  behind 
the  anterior  abdominal  wall  (fig.  124).  With  distension  the  stomach 
undergoes  a  considerable  amount  of  elongation,  its  pyloric  segment 
moves  further  to  the  right  beneath  the  quadrate  lobe  of  the  liver,  and  as 
this  movement  is  checked  somewhat  by  the  duodenum,  the  result  of 
elongation  is  to  make  the  stomach  curve  strongly  in  the  pyloric  region. 
The  pyloric  antrum,  greatly  enlarged,  forms  the  centre  of  the  bend,  and 
from  it  the  pyloric  canal  or  narrow  part  to  the  left  of  the  pylorus  is 
directed  backwards  and  upwards  to  its  junction  with  the  duodenum. 
When  the  antrum  is  placed  very  much  to  the  right,  the  pyloric  canal 
may  be  directed  backwards,  upwards,  and  to  the  left,  beneath  the 
liver. 

In  some  cases  distension  of  the  stomach  is  of  a  pathological  nature, 
and  may  be  the  result  of  many  different  causes.  It  may  take  place 
also  rapidly  or  slowly,  depending  upon  the  acuteness  or  chronicity  of 
the  exciting  cause.  Catarrhal  inflammation  of  the  stomach  is  associated 
with  weakness  or  atony  of  the  muscular  coat,  and  renders  it  very  prone 
to  dilate  under  the  influence  of  gaseous  distension  or  excess  of  the  ingesta 
(atonic  gastrectasis\  The  condition,  however,  which  is  capable  of  causing 
the  most  marked  dilatation  of  the  stomach  is  chronic  obstruction  in  the 
region  of  the  pylorus.  This  may  be  caused  in  various  ways  :  the  pylorus 
may  be  compressed  from  without  by  peritoneal  adhesions,  a  tumour  of 
the  head  of  the  pancreas,  liver,  gall-bladder,  or  omentum,  mesenteric 
or  retroperitoneal  glands,  or  an  aneurysm  of  the  aorta.  More  frequently 
the  cause  of  the  obstruction  is  in  the  pylorus  itself,  which  may  become 
greatly  narrowed  by  a  fibrous  stricture  or  malignant  growth  (stenotic 
gastrectasis).  As  the  dilatation  of  the  stomach  takes  place  slowly,  it  is 
usually  associated  with  compensatory  hypertrophy  of  the  muscular  coat. 
Later  on,  however,  the  muscle  atrophies,  and  the  stomach  is  then  reduced 
to  the  condition  of  a  large  inert  bag,  having  little  if  any  contractile  power 
left.  When  distended  it  presses  on  the  heart  and  lungs,  giving  rise 
to  dyspnoea  and  palpitation.  Such  dilated  stomachs  may  reach  an 
enormous  size  and  fill  the  greater  part  of  the  abdominal  cavity,  reaching 
down  below  the  umbilicus  into  the  iliac  and  hypogastric  regions, 
causing  the  anterior  abdominal  wall  to  bulge  forwards  and  injuriously 
compressing  the  coils  of  small  intestines  which  lie  in  relation  to  its 
lower  and  posterior  aspects.  In  some  cases  the  pylorus  is  gradually 
dragged  downwards,  and  comes  to  occupy  an  abnormally  low  level, 
it  may,  indeed,  if  thickened,  be  accessible  to  palpation  through  the 
abdominal  wall.  The  greatly  distended  stomach  also  is  not  uncommonly 
visible  from  the  outside  as  a  fulness  in  the  epigastrium. 


Gastric  Ulcer— A  peculiar  form  of  ulceration  characterised  by 
certain  distinctive  features  is  not  uncommonly  met  with  in  the  stomach 
or  duodenum.  In  the  stomach  the  ulcer  is  usually  single,  r 
a  good  deal  in  size,  and  frequently  does  not  exceed  the  size  of  a 
shilling;  it  may,  however,  attain  an  area  as  large  as  the  palm  of  the 
hand.  These  ulcers  sometimes  pursue  a  rapidly  progressive  course 
(acute  variety},  and  have  a  tendency  to  make  their  way  through  the 
stomach  wall,  hence  the  name  'perforating  ulcer?  The  most  common 
site  is  the  pyloric  region,  and  the  ulcer  may  lie  very  close  to  or  evei 

Gastro-hepatic  Omentum. 
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Vermiform  Appendix  occupying  the  retrocaecal  fossa 

FiG.  124. — Atonic  and  dilated  stomach,  in  an  adult  male  subject — formalin  preparation.  The 
level  of  the  lower  border  of  the  liver,  which  was  enlarged,  is  indicated  by  a  dotted  line. 
The  hepatic  flexure  of  the  colon  is  unusually  low  down,  and  consequently  an  ascending  stage 
cannot  really  be  said  to  exist.  The  free  extremity  of  the  vermiform  appendix  is  seen 
emerging  from  the  retrocaecal  fossa. 

involve  the  pyloric  orifice.  It  is  more  frequently  found  on  the  posterior 
than  on  the  anterior  wall,  and  nearer  the  lesser  than  the  greater 
curvature. 

The  complications  which  may  arise  in  a  case  of  gastric  ulcer  are  of 
very  great  interest  when  viewed  from  the  anatomical  standpoint;  the 
more  common  are  the  following. 

Complications  of  Gastric  Ulcer. — i.  Haemorrhage.— This  may  be 
very  slight,  and  proceed  from  some  of  the  small  capillary  vessels  in  the 
mucous  membrane  (coffee-ground  vomit] ;  occasionally,  however,  it  is  very 
copious,  and  may  cause  collapse  or  even  death.  In  such  cases  a  vessel  of 
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large  size,  such  as  the  coronary,  pyloric,  or  gastro-epiploic,  is  perforated  ; 
or  the  haemorrhage  possibly  may  proceed  from  a  vessel  lying  outside 
the  stomach,  but  which  has  become  adherent  to  the  floor  of  the  ulcer, 
e.g.  the  splenic  vessels.  Even  the  hepatic  artery,  the  gastro-duodenal 
artery,  or  the  portal  vein  may  be  eroded.  A  gastric  ulcer  on  the  anterior 
wall  of  the  stomach  has  been  known  to  ulcerate  through  the  diaphragm 
into  the  left  ventricle  of  the  heart,  death,  of  course,  being  almost 
instantaneous.  A  case  of  this  nature  has  been  recorded  by  Dr  Finny 
(Trans.  Roy.  Acad.  of  Med.  of  Ireland}. 

2.  Adhesions. — Were  it  not  for  the  readiness  with  which  adhesions 
form,  the  mortality  from  gastric  ulceration  would  be  very  much  greater 
than  it  is.     Before  the  serous  layer  is  reached,  a  perigastritis  accom- 
panied  by   a   fibrinous   exudation   over   the   inflamed   area   causes   an 
adhesion  to  form  between  the  stomach  and  some  neighbouring  part,  viz., 
the  pancreas,  liver,  or  spleen.     Adhesions  contracted  with  the  diaphragm 
may  lead  to  intrathoracic  complications.    Infection  of  a  septic  nature,  for 
example,  may  reach  the  pericardium  or  pleura  by  way  of  the  lymphatics 
traversing  the  diaphragm,  setting  up  pericarditis  or  pleurisy  of  a  dry, 
serous,  or  purulent  type,  or  the  ulcer  may  actually  make  its  way  through 
the  diaphragm.     If  it  opens  into  the  pericardium  it  will  cause  most  prob- 
ably an  acute  pneumo-pericarditis.     Before  the  ulceration  reaches  the 
pleura,  adhesions  are  usually  established  between  the  diaphragm  and  the 
base  of  the  lung;  the  pleural  cavity  thus  escapes,  but  the  invasion  of 
the  lung  may  be  followed  by  basal  pneumonia  and  abscess. 

3.  Perforation  into  the  general  cavity  of  the  peritoneum  is  one  of 
the   most   dreaded    complications   of  gastric  ulcer.     Death  may  follow 
within  very  few  hours  from  intense  shock  and  from  the  effect  of  the 
large  amount  of  toxic  matters  carried  into  the  system  by  the  lymphatics 
and  venous  radicles  of  the  peritoneum  (toxic peritonitis),  or  a  generalised 
peritonitis   may  develop  with   startling   rapidity   and   with   an    almost 
inevitably  fatal  termination.     Perforation  is  most  frequent  on  the  upper 
or  anterior  wall  of  the  stomach  and  near  the  lesser  curvature,  probably 
because  this  part  of  the  stomach  possesses  a  greater  range  of  mobility 
than  the  posterior  wall  and  is  in  contact  with  more  mobile  parts,  viz.,  the 
liver  and  the  abdominal  parietes.    The  escaping  gastric  contents  find  their 
way  into  the  general  cavity  of  the  peritoneum,  and  downwards  behind  the 
anterior  abdominal  wall  into  the  pelvis,  they  also  tend  to  gravitate  into 
the   deep   recess   beneath   the   liver.      Perforation   of  an  ulcer  on  the 
posterior  wall  of  the  stomach  is  rare,  adhesions  are  the  rule.     If  it  did 
happen,  the  extravasated  matters  would  escape  into  the  lesser  peritoneal 
sac.     In  order  to  reach  an  ulcer  on  the  posterior  wall  of  the  stomach  or  a 
collection  of  pus  within  the  lesser  sac,  the  best  route  is  that  afforded  by 
an  incision  through  the  gastro-colic  or  great  omentum,  below  and  parallel 
to  the  greater  curvature. 

4.  Abscess — In  some  cases,  although   perforation   of  the  stomach 
occurs,  a  general  extravasation  does  not  take  place,  owing  to  the  fact 
that  the  area  in  the  vicinity  of  the  perforation  is  shut  off  by  adhesions 
from  the  peritoneal  cavity,  the  extravasation  is  encapsuled  as  it  were, 
and  an  abscess  results.     The  more  usual  sites  for  this  to  happen  at  are — 
(a)  between  the  under  surface  of  the  liver  and  the  stomach ;  (b)  beneath 
the  stomach,  and  either  confined  to  a  limited  area  of  the  lesser  sac  or 
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behind  the  peritoneum  altogether;  (c)  between  the  stomach  and  the 
diaphragm — subphrenic  abscess.  This  latter  is  usually  limited  above  by 
the  diaphragm,  to  the  right  by  the  falciform  ligament,  below  by  the  left 
lobe  of  the  liver  and  the  stomach,  while  behind  and  to  the  left  it  extends 
deeply  in  relation  to  the  lower  ribs  and  diaphragm,  and  may  come  into 
contact  with  the  spleen.  When  a  free  perforation  has  taken  place,  gas 
from  the  stomach  enters  the  abscess  cavity,  and  a  resonant  note  will  be 
obtained  by  percussion  over  the  abscess  area ;  it  is  therefore  sometimes 
called  a  subphrenic  pyo-pneumothorax  (Leyden).  The  abscess  is  limited 
in  front  by  adhesions  between  the  anterior  abdominal  wall,  the  liver,  and 
the  stomach.  If  the  abscess  extend  deeply  in  front  the  adhesions  will 
probably  be  between  the  abdominal  wall  and  the  great  omentum.  One 
of  the  great  dangers  of  a  subphrenic  abscess  is  the  tendency  there  is  for 
the  spread  of  septic  infection  to  the  thoracic  region.  The  abscess  may  be 
reached  by  an  incision  in  the  epigastrium,  but  better  drainage  is  probably 
afforded  by  a  transpleural  thoracotomy,  a  piece  of  the  eighth  or  ninth 
rib  in  the  mid-axillary  line  being  removed,  the  diaphragm  incised,  and 
the  abscess  cavity  evacuated. 

Remote  consequences  of  Gastric  Ulcer. — (i)  Stenosis  of  the  Pylorus 
is  not  uncommonly  the  result  of  cicatricial  contraction  of  an  ulcer 
situated  in  close  proximity  to  the  pyloric  orifice.  Obstruction  to  the 
outflow  from  the  stomach  is  caused  either  by  narrowing  or  kinking  of  the 
passage,  and  this  is  inevitably  succeeded  by  dilatation  of  the  stomach 
(gastrectasis).  In  its  early  stages,  when  the  ulcer  is  active,  the  irritation 
which  accompanies  it  may  cause  reflex  spasm  of  the  sphincter  pylori 
muscle. 

(2)  Hour-glass  Stomach. — It  is  probable  that  the  majority  of  cases 
presenting  this  deformity  are  the  result  of  previous  gastric  ulceration 
affecting  the  body  of  the  stomach,  and  in  which  cicatrisation  has  taken 
place.  The  stomach  presents  a  sharp  constriction  near  its  middle,  and  in 
the  fully  developed  deformity  it  is  subdivided  into  two  cavities,  which 
are  connected  by  an  aperture  of  variable  dimensions. 

Cancer  of  the  Stomach  is  most  frequently  situated  in  the  vicinity 
of  the  pyloric  orifice,  and  originates  in  the  epithelium  of  the  ducts  or  of 
the  gastric  glands.  The  growth  has  a  tendency  to  infiltrate  the  stomach 
wall,  and  sometimes  it  spreads  over  an  extensive  superficial  area.  Having 
reached  the  peritoneum  it  quickly  becomes  adherent  and  fixed,  spread- 
ing by  direct  continuity  to  surrounding  parts,  especially  the  liver  and 
pancreas.  As  the  growth  also  extends  inwards,  obstruction  of  the 
pylorus,  followed  by  dilatation  of  the  stomach,  very  frequently  super- 
venes in  the  majority  of  these  cases.  The  distended  stomach  exercises 
a  considerable  amount  of  traction  upon  the  pylorus,  and  the  latter  not 
infrequently  comes  to  occupy  an  abnormally  low  level,  emerging  from 
beneath  the  liver  and  coming  into  contact  with  the  anterior  abdominal 
wall.  In  thin  subjects  the  malignant  growth  can  often  be  palpated,  its 
degree  of  mobility  determined,  and  the  fact  also  that  it  rises  and  falls 
with  respiration.  In  such  cases,  where  a  pyloric  tumour  can  be  felt,  if 
one  excludes  thickenings  of  an  inflammatory  nature,  not  only  is  it  highly 
probable  that  malignant  disease  is  present,  but  also  that  it  has  reached 
such  an  advanced  state  that  its  removal  by  operation  (gastrectomy}  is 
inadvisable,  if  not  quite  impossible.  In  addition  to  the  direct  extension 
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of  the  cancer  into  surrounding  structures,  dissemination  takes  place,  as 
a  rule,  by  the  lymphatics  and  portal  radicles.  Thus,  it  is  by  no  means 
uncommon  to  find  enlarged  glands  in  and  about  the  portal  fissure,  where 
they  are  very  liable  to  compress  the  portal  vein  and  common  bile  duct, 
causing  in  the  former  case  rapidly  increasing  ascites,  in  the  latter  intense 
and  persistent  jaundice.  The  gastric  tributaries  of  the  portal  vein  help 
to  disseminate  the  disease  throughout  the  liver,  within  which  it  makes 
its  appearance  in  the  form  of  numerous  nodular  growths. 

OPERATIONS  UPON  THE  STOMACH.— Gastrotomy.— The 
parietal  incision  is  very  commonly  made  in  the  linea  alba  below  the 
ensiform  cartilage,  or  it  may  be  made  to  the  left  of  the  middle  line, 
through  the  rectus  muscle  and  its  sheath  (see  p.  394).  The  abdomen 
being  opened,  the  best  guide  to  the  stomach  is  the  left  lobe  of  the  liver, 
as  it  lies  immediately  beneath  this,  the  lesser  omentum  passing  from  the 
one  to  the  other.  An  incision  is  made  through  the  stomach  wall  at  right 
angles  to  its  long  axis,  after  which  its  cavity  may  be  explored,  the  con- 
dition of  its  orifices  examined,  a  foreign  body  removed,  or  local  treat- 
ment applied  to  an  ulcer  in  its  interior.  The  stomach  wound  and 
subsequently  that  in  the  abdominal  parietes  are  closed  by  suture. 

Gastrostomy. — This  operation  is  usually  required  in  cases  of  fibrous 
or  malignant  stricture  of  the  oesophagus.  An  artificial  stoma  is  made 
in  the  stomach  wall  for  the  purpose  of  administering  nourishment  when 
swallowing  of  food  has  become  impossible.  In  such  cases,  as  has  been 
mentioned  already,  the  stomach  is  found  in  a  contracted  condition, 
sometimes  very  markedly  so.  It  will  probably  have  receded  within  its 
recess,  and  not  infrequently  the  transverse  colon  will  be  found  to  have 
risen  so  as  to  intervene  between  the  stomach  and  the  anterior  abdominal 
wall.  The  operation  which  is  done  most  frequently  at  the  present  day, 
and  which  the  author  has  found  most  satisfactory,  is  that  associated 
with  the  name  of  Frank,  or  some  of  its  modifications.  Its  main  feature 
is  that  it  provides  a  valvular  opening  leading  from  the  surface  of  the 
skin  into  the  stomach  cavity,  the  object  being  to  prevent  the  escape  of 
the  gastric  contents,  which  are  so  prone  to  cause  irritation  and  ex- 
coriation of  the  skin.  The  steps  of  the  operation  are  briefly  as  follows. 
A  vertical  incision  is  made  over  the  left  rectus  muscle  in  the  epigastrium 
and  the  abdominal  cavity  opened.  The  contracted  stomach  is  identified 
and  drawn  forwards  out  of  the  wound  in  the  form  of  a  cone,  to  the  base 
of  which  the  parietal  peritoneum  is  connected  by  means  of  a  continuous 
suture.  A  small  incision  is  next  made  through  the  skin  and  superficial 
tissues  above  and  to  the  outer  side  of  the  abdominal  wound  at  the  level 
of  the  costal  cartilages.  The  protruding  cone  of  the  stomach  is  now 
drawn  into  a  space  made  for  it  in  the  subcutaneous  tissue  and  out 
through  the  small  incision  just  mentioned,  to  the  margins  of  which  it  is 
fixed  by  sutures.  Subsequently  the  apex  of  the  cone  is  incised,  the 
stomach  opened,  and  a  tube  introduced  by  means  of  which  the  patient 
is  fed.  For  other  methods  of  performing  gastrostomy,  notably  that  of 
Witzel,  the  reader  must  consult  a  standard  work  on  operative  surgery. 

Gastrectomy. — The  part  of  the  stomach  which  calls  for  excision 
most  frequently  is  the  pyloric  segment,  as  it  is  the  most  frequent  site 
for  organic  disease  in  the  form  of  a  cicatricial  or  malignant  stricture, 
to  both  of  which  allusion  has  already  been  made.  Until  comparatively 
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recently  excision  of  the  pylorus  was  the  extent  to  which  gastrectomy 
was  carried.  Removal  of  the  entire  stomach  has  been  carried  out, 
however,  successfully  by  Schlatter  and  others  for  malignant  disease. 
Schlatter's  patient  survived  the  operation  several  months,  and  during  the 
interval  was  able  to  assimilate  nourishment  in  considerable  quantity. 

Pylorectomy,  or  partial  gastrectomy. — Before  attempting  this  opera- 
tion, the  condition  of  the  part  to  be  removed  and  of  its  immediate  sur- 
roundings should  be  carefully  ascertained.  Adhesions  causing  fixity  of 
the  stomach  should  be  regarded  as  a  decided  centra-indication  to  resec- 
tion ;  it  is  only  when  the  pylorus  is  mobile  and  capable  of  being  drawn 
forwards  and  upwards  into  the  vicinity  of  the  parietal  wound  that  its 
removal  should  be  contemplated.  A  small  incision  in  the  great  omentum 
beneath  the  pylorus,  sufficient  to  admit  the  index  finger,  will  permit  of 
the  examination  of  the  posterior  wall  of  the  stomach,  and  enable  one  to 
judge  of  the  presence  or  absence  of  adhesions  in  this  locality.  The  opera- 
tion which  at  the  present  day  has  met  with  most  approval  is  undoubtedly 
that  devised  by  Kocher.  It  consists  of  two  stages — (i)  resection  of  the 
pylorus,  followed  by  (2)  gastro-duodenostomy.  The  parietal  incision  is 
made  either  in  the  middle  line  just  below  the  ensiform  cartilage  (linea 
alba)  or  vertically  at  the  junction  of  the  inner  and  middle  thirds  of  the 
right  rectus  muscle.  Billroth  employed  a  transverse  incision  through 
both  recti.  The  pylorus  is  sought  beneath  the  liver  and  to  the  left  of 
the  gall-bladder ;  it  may,  however,  have  assumed  an  abnormally  low 
position.  If  it  is  decided  to  proceed  with  its  excision,  its  peritoneal 
connections,  viz.,  the  lesser  omentum  above  and  the  greater  omentum 
below,  are  ligatured  in  sections,  and  divided  as  near  the  stomach  as  the 
disease  will  permit.  The  diseased  part  is  removed  by  dividing  the 
duodenum  and  stomach  at  a  safe  distance  from  the  growth.  The 
gastric  wound  is  completely  closed,  and  the  duodenum  is  then  implanted 
into  the  posterior  wall  of  the  stomach  about  an  inch  from  the  line  of 
suture. 

The  vessels  which  are  divided  in  the  operation  are,  the  pyloric  artery 
which  runs  along  the  lesser  curvature,  the  right  gastro-epiploic  on  the 
greater  curvature,  and  probably  also  the  gastro-duodenal  from  which  the 
latter  springs  as  it  runs  down  behind  the  duodenum,  its  usual  level 
being  about  one  inch  to  the  right  of  the  pylorus,  viz.,  in  the  angle  where 
the  movable  portion  of  the  duodenum  gives  place  to  the  fixed,  and  in  front 
of  the  head  of  the  pancreas.  It  is  sometimes  found  that  the  duodenum 
and  stomach  cannot  be  approximated  after  the  diseased  part  is  excised. 
The  obvious  alternative  in  such  a  case  would  be  to  close  the  duodenum 
as  well  as  the  stomach,  and  complete  the  operation  by  a  gastro- 
jejunostomy. 

Gastro-Enterostomy. — The  object  of  this  operation  is  to  establish 
a  communication  between  the  stomach  and  the  upper  part  of  the  small 
intestine,  usually  the  jejunum,  near  the  duodeno-jejunal  flexure  (gastro- 
jejunostomy).  It  is  generally  required  in  cases  where  the  gastric  outflow 
is  obstructed  and  where  dilatation  of  the  stomach  has  supervened  (see 
Gastrectasis).  A  reference  to  figs.  122  and  125  will  explain  the  principal 
ways  in  which  this  may  be  effected.  The  transverse  colon  and  its 
mesentery  form  as  it  were  a  partition  directed  more  or  less  horizontally 
from  before  backwards,  dividing  the  abdominal  cavity  into  an  upper  and 
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a  lower  compartment.  The  stomach  lies  in  the  upper  of  these  in  the 
recess  which  has  already  been  fully  described,  and  its  deep  surface,  in 
front  of  the  pancreas,  rests  upon  the  colon  and  the  transverse  meso- 
colon  which  form  the  anterior  continuation  of  the  '  stomach  bed.'  The 
coils  of  the  jejuno-ileum  are  entirely  contained  within  the  lower  com- 
partment, and  are  veiled  in  front  by  the  pendulous  omentum  which 
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FIG.  125. — The  inframesocolic  compartment  ot  the  abdomen  viewed  trom  below  and  to  the  left 
of  the  middle  line.  This  figure  has  been  drawn  from  the  same  specimen  as  is  represented 
in  fig.  123,  with  which  it  should  be  carefully  compared.  The  transverse  colon  is  seen 
in  front  with  its  mesentery  extending  back  to  the  anterior  margin  of  the  pancreas.  The 
stomach  rests  directly  in  contact  with  the  upper  surface  of  this  peritoneal  fold  and  causes  it 
to  bulge  downwards  slightly.  The  importance  of  these  relationships  is  demonstrated  in  the 
operation  of  posterior  or  trans-mesocolic  gastro-enterostomy.  Observe  the  sharp  bend  taken 
by  the  splenic  flexure  of  the  colon,  and  its  relationships  to  the  basal  extremity  of  the  spleen 
and  to  the  left  kidney.  The  terminal  portion  of  the  duodenum  and  the  duodenal  fossae 
are  deserving  of  note  also.  The  inframesocolic  area  of  the  left  kidney  is  very  distinct  ; 
the  reader  will  note  that  it  is  crossed  by  the  left  colic  artery. 

is  suspended  from  the  stomach  and  transverse  colon.  If  it  is  desired  to 
bring  any  given  coil  of  jejunum  into  direct  contact  with  the  stomach,  one 
or  other  of  the  following  methods  may  be  adopted,  (i)  The  great 
omentum  and  transverse  colon  are  turned  upwards  and  search  is  made 
for  the  duodeno-jejunal  flexure  in  the  angle  between  the  root  of  the 
mesentery  and  the  transverse  meso-colon  on  the  left  side  of  the  spine. 
A  piece  is  selected  from  twelve  to  eighteen  inches  from  the  flexure,  it  is 
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brought  up  over  the  great  omentum  in  front  of  the  colon  and  its  junction 
effected  with  the  anterior  surface  of  the  stomach  close  to  the  greater 
curvature.  This  is  the  operation  of  anfertor  or flrecotic  gastro-enterostomy 
(Wolfler).  (2)  The  duodeno-jejunal  flexure  is  identified  as  before,  and  a 
point  is  selected  in  the  transverse  mesocolon  near  its  posterior  attach- 
ment which  is  devoid  of  blood-vessels  and  an  aperture  is  made  in  it 
(fig.  125).  Through  this  the  stomach  wall  is  exposed  and  a  communica- 
tion is  established  between  it  and  the  jejunum.  This  is  the  operation 
of  trans-mesocolic  or  posterior  gastro-enterostomy  (Hacker).  The  junction 
between  the  jejunum  and  the  lower  or  posterior  wall  of  the  stomach  is 
sometimes  effected  by  bringing  the  jejunal  loop  upwards  over  the  trans- 
verse colon  and  through  an  aperture  in  the  gastro-colic  or  great 
omentum.  The  principal  disadvantage  in  these  operations  is  that  the 
contents  of  the  duodenum,  consisting  of  some  matters  received  from  the 
stomach,  mixed  with  bile  and  pancreatic  secretion,  are  liable  to  find  their 
way  into  the  stomach  through  the  opening  or  stoma  which  has  been  made 
(vicious  circle).  In  order  to  obviate  this,  a  modified  procedure  is  some- 
times adopted.  The  loop  of  jejunum  is  completely  divided,  the  distal 
end  is  implanted  into  the  stomach,  and  a  junction  is  effected  between  the 
proximal  end  and  the  jejunum  about  five  or  six  inches  from  the  gastro- 
intestinal junction  (Roux).  In  this  way  the  contents  of  the  duodenum  and 
stomach  pass  into  the  distal  end  of  the  loop.  The  posterior  or  trans- 
mesocolic  operation  has  certain  advantages  over  the  anterior ;  the  stomach 
is  reached  by  the  shortest  route,  the  stoma  in  its  posterior  or  lower  wall 
facilitates  the  outflow  of  the  gastric  contents  as  it  occupies  a  fully 
dependent  position,  and  danger  of  intestinal  obstruction  is  obviated  by 
not  drawing  the  jejunal  loop  upwards  over  the  transverse  colon.  In  the 
anterior  operation  the  latter  runs  considerable  risk  of  being  injuriously 
compressed,  more  especially  if  the  piece  of  jejunum  intervening  between 
the  duodeno-jejunal  flexure  and  the  site  of  the  anastomoses  be  unduly 
short. 

Pyloroplasty  is  usually  performed  for  the  relief  of  pyloric  obstruc- 
tion other  than  that  caused  by  malignant  disease.  As  in  the  case  of 
pylorectomy,  it  is  mainly  applicable  to  cases  in  which  the  pylorus  is 
movable  and  can  be  brought  up  to  the  parietal  wound  without  difficulty. 
It  consists  in  opening  the  stomach  close  to  the  pylorus  by  an  incision 
which  is  directed  in  the  long  axis  of  the  pyloric  canal.  The  orifice 
having  been  examined,  the  section  is  prolonged  through  it  and  into 
the  duodenum  for  about  an  inch.  The  edges  of  the  wound  being  held 
apart,  the  sutures  are  passed  from  right  to  left,  and  in  this  way  the 
wound,  originally  in  the  long  axis  of  the  tube,  is  made  to  assume  a 
direction  at  right  angles  to  this. 

Dilatation  of  the  Pylorus  (Pylorodiosis ;  Loreta's  operation)  con- 
sists in  opening  the  stomach  near  the  pyloric  orifice,  the  latter  is  then 
dilated  with  the  finger,  and  subsequently  a  second  finger  is  introduced, 
and  even  a  third.  It  is  questionable  if  such  a  procedure  is  at  all 
justifiable,  as  it  is  very  likely  that  dilatation  of  such  an  extensive  nature 
would  be  certain  to  cause  laceration  or  tearing  of  the  coats  of  the 
stomach.  It  has  been  performed  for  the  relief  of  fibrous  and  spasmodic 
strictures,  but  would  be  quite  inapplicable  for  those  of  a  malignant 
character. 
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The  cardiac  orifice  can  be  reached  also  through  an  opening  in  the 
stomach  wall,  and  the  finger  or  an  instrument  such  as  a  sound  or  bougie 
passed  from  below  upwards  through  an  oesophageal  stricture  when 
attempts  to  traverse  it  from  above  fail.  Retrograde  dilatation  is  some- 
times carried  out  in  this  way.  Foreign  bodies  also  impacted  low  down 
in  the  oesophagus  may  be  reached  and  removed. 

THE  LIVER. 

The  Liver,  which  is  by  far  the  largest  glandular  organ  in  the  body,  is  situated  normally 
in  the  upper  abdominal  region  upon  the  right  side,  occupying  the  right  hypochondriac  and 
epigastric  regions,  extending  also,  as  a  rule,  into  the  left  hypochondrium,  and  downwards  into 
the  right  lumbar  region. 

The  upper  surface  lies  beneath  the  diaphragm,  which  forms  a  thin  partition  separating  it 
from  the  two  pleural  cavities,  the  bases  of  both  lungs,  the  pericardium,  and  the  heart.  The 
separation  of  the  liver  into  a  right  and  left  lobe  is  indicated  on  this  aspect  by  the  falciform  liga- 
ment. The  upper  surface  of  the  right  lobe  is  rounded  and  convex,  that  of  the  left  lobe  is  flatter 
and  does  not  reach  so  high.  The  upper  surface  is  depressed  slightly  in  the  middle  line,  where  it 
lies  beneath  the  inferior  surface  of  the  heart  and  the  pericardium  (cardiac  impression). 

The  right  lateral  surface  is  most  extensive  in  the  vertical  direction,  and  is  rounded 
and  convex.  It  rests  against  the  diaphragm,  and  is  related  indirectly  to  the  lower  thin  edge 
of  the  base  of  the  right  lung,  to  the  costo-diaphragmatic  recess  of  the  pleura,  and  to  the  thoracic 
wall  from  the  seventh  to  the  eleventh  ribs.  These  run  from  above  and  behind  downwards  and 
forwards  very  obliquely  over  this  area. 

The  anterior  surface  also  for  part  of  its  extent  lies  in  contact  with  the  diaphragm,  and  like 
the  right  lateral  surface  it  has  an  indirect  relation  to  the  basal  edge  of  the  lung  and  the  right 
pleural  cavity,  in  front  of  which  lie  the  costal  cartilages  from  the  fifth  to  the  ninth  and  the  anterior 
portions  of  the  ribs  with  which  they  are  continuous  ;  it  is  also  related  to  the  ensiform  cartilage. 
Part  of  this  surface  lies  behind  the  anterior  abdominal  wall  in  the  epigastrium,  reaching  on  an 
average  in  the  middle  line  to  a  point  midway  between  the  base  of  the  ensiform  cartilage  and 
the  umbilicus. 

The  posterior  surface  is  directly  related  at  its  upper  part  with  the  diaphragm  opposite  the 
tenth  and  eleventh  dorsal  vertebrse  and  indirectly  with  the  lower  tapering  edge  of  the  right  lung  and 
with  the  pleural  recess.  Below  this  area  it  presents  a  deep  fossa  for  the  right  kidney  and  a  smaller 
one  for  the  suprarenal  capsule.  The  inferior  vena  cava  (fig.  126)  ascends  immediately  to  the  right 
of  the  spine  and  lies  either  in  a  deep  groove  on  the  posterior  surface  of  the  liver  or  is  covered  by 
a  bridge  of  liver  substance.  The  Spigelian  lobe,  which  lies  to  the  left  of  the  vein,  is  quadrilateral 
in  outline,  it  lies  against  the  right  crus  of  the  diaphragm  opposite  the  tenth  and  eleventh  dorsal 
vertebrae,  but  is  separated  from  these  by  the  aorta  and  oesophagus.  It  is  continued  below  into 
a  ridge-like  prolongation,  the  caudate  lobe,  which  passes  into  the  right  lobe  and  lies  between  the 
inferior  vena  cava  and  the  structures  which  enter  and  emerge  from  the  portal  fissure.  Thejissure 
for  the  ductus  venosus  lies  to  the  left  of  the  Spigelian  lobe,  and  separates  the  right  and  left  lobes 
on  this  aspect.  The  fissure  really  forms  a  deep  cleft,  into  which  the  lesser  omentum  is  continued 
and  at  the  bottom  of  which  it  is  attached  (fig.  128).  There  is  a  well  marked  concavity  on  the 
back  of  the  left  lobe,  it  rests  against  the  cardia  of  the  stomach  and  the  intra-abdominal  stage  of 
the  oesophagus,  but  very  frequently  it  is  separated  from  this  by  the  right  crus  of  the  diaphragm. 
Below  this  the  left  lobe  presents  a  smooth  rounded  projection  which  overlies  the  lesser  omentum 
{tuber  omentale)  and  lies  within  the  concavity  of  the  lesser  curvature  of  the  stomach. 

The  lower  surface  of  the  Liver  presents  a  depression  on  the  under  aspect  of  the  right  lobe, 
in  front  of  the  renal  impression  for  the  hepatic  flexure  of  the  colon.  Behind  and  to  its  inner  side 
and  abutting  upon  the  gall-bladder  is  a  small  triangular  area,  with  which  the  duodenum  is  in  con- 
tact as  it  bends  from  its  first  into  its  second  stage  (fig.  126).  The  gall-bladder  is  closely  applied 
to  this  surface,  its  fundus  projecting  slightly  in  front  and  overlying  the  colon  (fig.  123).  The 
quadrate  lobe,  as  its  name  implies,  is  a  rectangular  area,  slightly  hollowed  out,  lying  to  the  left  of 
the  gall-bladder,  bounded  in  front  by  the  sharp  margin  of  the  liver,  behind  by  the  portal  fissure, 
and  to  the  left  by  the  fissure  for  the  obliterated  umbilical  vein.  It  overlies  the  pylorus  and  the 
first  stage  of  the  duodenum.  The  fissure  for  the  obliterated  umbilical  vein,  like  that  for  the 
ductus  venosus,  with  which  it  is  continuous,  both  together  forming  the  great  longitudinal  fissure, 
is  a  deep  cleft  in  the  liver,  which  separates  the  right  and  left  lobes  below.  The  under  surface  of 
the  left  lobe  is  concave,  and  is  moulded  over  that  part  of  the  upper  surface  of  the  stomach 
which  adjoins  the  lesser  curvature. 

A  considerable  portion  of  the  posterior  surface  and  the  entire  extent  of  the  inferior  surface 
just  described  might  very  appropriately  be  regarded  as  one,  viz.,  the  visceral  surface  of  the 
liver,  the  general  direction  of  which  is  downwards,  backwards,  and  to  the  left  (Birmingham).  The 
parts  with  which  it  is  related  and  the  oblique  plane  which  this  '  visceral  surface '  occupies  are 
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clearly  seen  in  figs.  122  and  126.  The  shape  of  the  liver  depends  largely  upon  its  surroundings, 
and  as  these  are  represented  largely  by  organs  which  vary  greatly  in  size  and  fulness  from  time  to 
time,  so  must  the  shape  of  the  liver  vary  greatly  also. 


Thoracic  Aorta.    (Esophagus. 


'  vjastro-hepatic  Omentum. 
jjuodeno-pyloric  Sulcus. 
I   i    Pancreas. 
I   i    Hepatic  Artery. 
!    Portal  Vein. 
Common  Bile  Duct. 

Duodenum. 

j  inferior  Vena  Cava. 

Right  Suprarenal  Capsule. 

Hepatic  Flexure  of  the  Colon. 

FIG.  126. — Dissection  of  the  structures  in  the  supramesocolic  compartment  of  the  abdomen. 
From  a  young  subject,  formalin  preparation.  The  dissection  is  viewed  from  the  front  and 
right  side — three-quarter  side  view — and  is  from  the  same  specimen  as  that  figured  on  p.  435. 
The  structures  related  to  the  postero-internal  or  visceral  aspect  of  the  liver  are  clearly 
represented  in  this  figure.  Compare  the  appearances  presented  here  with  the  full  front 
view  of  this  region  of  the  abdomen  seen  in  fig.  122.  The  small  rounded  body  between  the 
bile  duct  and  the  inferior  vena  cava  is  a  lymphatic  gland  which  lay  directly  in  contact  with 
the  neck  of  the  gall-bladder.  The  lymphatic  glands  in  this  locality  possess  a  high  degree  of 
pathological  interest,  mainly  owing  to  the  effects  they  exert  upon  the  biliary  passages  when 
they  become  enlarged.  The  pyloric  portion  of  the  stomach  is  somewhat  distended,  and  is 
observed  taking  a  backward  bend  to  join  the  duodenum,  their  junction  being  marked  by  a 
deep  constriction  (duodeno- pyloric).  The  first  and  part  of  the  second  stage  of  the  latter  are 
seen  in  this  the  supramesocolic  compartment. 

The  Peritoneal  connections  of  the  Liver. — The  liver  is  for  the  most  part  invested  by 
peritoneum  and  by  a  thin  fibrous,  layer  which  is  continuous  with  the  tracts  of  connective  tissue 
traversing  the  portal  canals  within  the  liver  (Gltsson's  Capsule).  The  peritoneum  is  reflected 
from  the  liver  at  certain  points,  and  in  this  way  a  series  of  ligaments  is  formed.  The  falciform 
ligament  consists  of  a  triangular  fold  formed  by  two  layers  of  peritoneum,  which  pass  between 
the  diaphragm  and  the  posterior  aspect  of  the  right  rectus  sheath  in  front,  and  the  anterior  and 
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upper  surfaces  of  the  liver  behind.  It  contains  between  its  layers  in  front  the  obliterated  umbilical 
vein  (Jigamenttim  teres),  which  may  be  traced  from  the  umbilicus  to  the  under  aspect  of  the  liver, 
where  it  joins  the  left  division  of  the  portal  vein.  The  coronary  ligament  is  the  rather  inappro- 
priate name  given  to  the  peritoneal  reflexions  from  the  liver  posteriorly,  one  layer  passing  forwards 
to  the  diaphragm  and  anterior  abdominal  wall,  the  other  passing  backwards  over  the  posterior 
abdominal  wall.  A  considerable  area  on  the  posterior  surface  of  the  liver  is  included  between 
these  two  layers.  It  lies  against  the  diaphragm  and  is  connected  with  it  by  some  loose  tissue 
and  blood-vessels.  The  layers  of  the  coronary  ligament  approach  and  meet  each  other  laterally, 
forming  the  right  and  left  lateral  ligaments.  The  gastro-hepatic  omentum,  when  traced  upwards 
to  the  liver,  is  found  to  pass  deeply  into  the  cleft  which  lodges  the  obliterated  ductus  venosus 
(fig.  128).  Traced  from  this  downwards,  forwards,  and  to  the  right,  its  two  layers  reach  the 
transverse  fissure  and  enclose  the  portal  vein,  the  hepatic  artery,  and  the  bile  duct,  as  well  as  some 
nerves,  lymphatics,  and  connective  tissue.  They  are  then  continued  downwards  along  these 
vessels  to  the  upper  border  of  the  duodenum,  forming  the  hepato -duodenal  ligament,  which  bounds 
the  foramen  of  Winslow  in  front. 

Blood-vessels. — The  Portal  Vein  is  a  thick  trunk  about  three  inches  in  length.  It  is 
formed  behind  the  head  of  the  pancreas,  opposite  the  right  side  of  the  body  of  the  second  lumbar 
vertebra,  by  the  union  of  the  superior  mesenteric  and  splenic  veins.  It  ascends  at  first  behind 
the  first  stage  of  the  duodenum,  but  having  emerged  from  beneath  this  it  is  contained  during  the 
remainder  of  its  course  between  the  two  layers  of  the  gastro-hepatic  omentum  up  to  the 
transverse  fissure  of  the  liver,  being  closely  accompanied  by  the  bile  duct  and  hepatic  artery. 
It  divides  near  the  right  extremity  of  the  fissure  into  a  right  and  left  branch.  The  right  branch 
is  much  shorter  and  thicker  than  the  left.  The  latter  is  connected  at  the  level  of  the  longi- 
tudinal fissure  with  two  fibrous  cords  ;  that  in  front  is  known  as  the  ligainentum  teres,  and  is  the 
representative  of  the  fcetal  umbilical  vein  ;  the  posterior  cord  is  the  obliterated  ductus  venosus. 

The  tributaries  of  the  portal  vein  are  derived  from  the  stomach  and  intestines,  with  the 
exception  of  the  lower  extremity  of  the  rectum,  from  the  spleen,  and  the  pancreas. 

The  Superior  Mesenteric  Vein  receives  branches  corresponding  to  those  of  its  companion 
artery,  and  in  addition  the  right  gastro-epiploic  and  pancreatico-duodenal  veins. 

The  Splenic  Vein  returns  the  blood  from  the  spleen  and  receives  also  some  veins  corre- 
sponding to  the  vasa  brevia  arteries  of  the  stomach,  some  pancreatic  veins,  and  the  inferior 
mesenteric  vein.  The  latter  vessel  communicates  in  the  lower  part  of  the  rectum  with  the  middle 
and  inferior  hsemorrhoidal  veins  (systemic  system).  The  portal  vein  receives  directly  the  pyloric 
and  gastric  veins  from  the  stomach  and  the  cystic  vein  from  the  gall-bladder. 

The  Hepatic  Artery  arises  from  the  cceliac  axis  behind  the  lesser  sac  of  the  peritoneum,  and 
at  first  is  directed  to  the  right  along  the  upper  border  of  the  pancreas.  At  the  level  of  the 
duodenum  it  curves  forwards  and  insinuates  itself  between  the  two  layers  of  the  gastro-hepatic 
omentum,  and  runs  upwards  to  the  transverse  fissure  of  the  liver,  occupying  a  position  to  the 
left  of  the  common  bile  duct,  the  portal  vein  lying  behind  and  between  both  (fig.  128).  It 
divides  into  a  right  and  a  left  branch,  which  are  distributed  within  the  liver,  and  run  in  the 
portal  canals  surrounded  by  the  connective  tissue  of  Glisson's  Capsule.  The  cystic  artery  for  the 
gall-bladder  is  given  off  by  the  right  division  of  the  vessel.  The  hepatic  artery  also  gives  off  the 
pyloric  and  gastro- duodenal  arteries  and  some  branches  to  the  pancreas. 

The  Hepatic  Veins  carry  the  blood  away  from  the  liver.  They  open  into  the  inferior  vena 
cava  as  it  lies  in  a  groove  on  the  posterior  aspect  of  the  organ.  In  the  liver  these  veins  run 
alone ;  they  are  surrounded  by  very  liltle  connective-tissue,  but  are  closely  attached  to  the  hepatic 
tissue,  and  consequently  remain  open  when  cut  across.  The  branches  of  the  portal  vein,  on  the 
other  hand,  which  occupy  the  'portal  canals'  in  common  with  the  branches  of  the  hepatic 
artery  and  of  the  bile  duct,  are  surrounded  by  a  considerable  quantity  of  loose  connective  tissue, 
which  allows  them  to  collapse  when  cut. 

Surface  Anatomy  of  the  Liver. — In  consequence  of  the  deep 
position  of  the  liver  beneath  the  vault  of  the  diaphragm,  its  projection 
on  the  outer  surface  of  the  body  is  indicated  by  an  outline  which  is 
confined  mainly  to  the  thorax,  and  includes  but  a  small  portion  of 
the  anterior  abdominal  wall  in  the  upper  part  of  the  epigastrium 
below  the  xiphoid  cartilage.  It  is  important  to  know  accurately 
the  upper  and  lower  limits  of  the  liver  in  health,  so  as  to  be  able 
to  determine  in  cases  of  disease  how  far  the  organ  has  increased 
or  diminished  in  size,  or  whether  it  has  assumed  a  higher  or  lower  level 
than  usual.  These  limits  are  determined  in  the  living  subject  by  per- 
cussion and  palpation.  It  is  not  very  easy  to  determine  them  with 
precision,  however,  owing  to  the  manner  in  which  the  lower  edge  of  the 
lung  overlaps  the  liver  above,  and  to  the  fact  that  the  lower  thin  edge  of 
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the  liver  overlaps  the  resonant  intestine  and  stomach  below.  The 
normal  outline  of  the  liver  may  be  determined  as  follows.  The  highest 
point  of  the  right  lobe  lies  beneath  the  right  cupola  of  the  diaphragm,  on 
a  level  with  the  upper  margin  of  the  fifth  rib  about  one  inch  internal 
to  the  mammary  line,  and  about  half  an  inch  below  the  right  nipple. 
The  left  lobe  does  not  reach  quite  so  high,  as  it  fails  to  reach  the 
deepest  part  of  the  left  cupola;  its  upper  limit  corresponds  approxi- 
mately with  the  upper  border  of  the  sixth  rib  in  the  mammary  line, 
or  about  one  inch  below  the  left  nipple.  The  upper  border  of  the 
liver  descends  slightly  between  these  points,  and  in  the  middle  line  it 
passes  just  above  the  junction  of  the  middle  segment  of  the  sternum 
with  the  xiphoid  cartilage.  The  lower  border  of  the  liver,  as  it 
is  traced  from  right  to  left,  follows  at  first  the  costal  arch  as  far  as  the 
tip  of  the  ninth  costal  cartilage.  It  may,  however,  with  the  erect 
posture,  descend  fully  an  inch  below  the  ribs.  From  the  ninth  costal 
cartilage,  the  line  crosses  the  epigastrium  obliquely  with  a  slight  down- 
ward convexity,  and  reaches  the  tip  of  the  eighth  costal  cartilage  on  the 
left  side.  From  this  it  is  continued  outwards  to  meet  the  upper  and 
outer  limit  of  the  left  lobe  already  determined.  In  the  middle  line  the 
lower  border  of  the  liver  lies  approximately  midway  between  the  base  of 
the  ensiform  cartilage  and  the  umbilicus.  On  the  right  side  the  liver 
outline  will  correspond  with  a  curved  line  passing  from  the  point  which 
marks  the  upper  limit  of  the  right  lobe  to  another  situated  one  inch  below 
the  tip  of  the  tenth  costal  cartilage  (Birmingham).  The  area  in  the 
epigastrium,  where  the  liver  is  in  relation  to  the  anterior  abdominal 
parietes,  is  one  of  considerable  importance.  It  is  here  that  incisions  are 
frequently  made  to  reach  the  liver  or  biliary  passages,  and  it  is  here  that 
the  liver  is  most  accessible  to  palpation,  especially  when  enlarged,  and 
when  its  consistency  is  increased  in  certain  forms  of  disease.  It  is  to  be 
noted  that  its  lower  margin  rises  and  falls  during  respiration,  and  this 
is  a  useful  diagnostic  sign  in  some  cases  of  obscure  abdominal  tumours. 
When  the  gall-bladder  is  enlarged,  the  outline  of  the  fundus  can  some- 
times be  made  out  distinctly,  especially  when  the  abdominal  parietes 
are  thin.  The  liver  assumes  an  abnormally  low  level,  when  it  is 
enlarged  from  any  cause,  in  consequence  of  tight  lacing,  when  the 
diaphragm  is  depressed  by  pneumothorax  or  mediastinal  tumours,  by 
a  large  pleural  effusion,  or  emphysema  of  the  lungs,  or  if  it  is  paralysed. 
The  upper  limit  of  the  liver  may  reach  an  abnormally  high  level  in  cases 
of  abscess  or  hydatid  cyst  involving  mainly  the  convexity  of  the  right 
lobe  ;  it  may  do  so  also  following  shrinkage  of  the  lung,  as  occurs  in 
phthisis,  or  after  the  evacuation  of  certain  forms  of  empyema.  As  it 
lies  beneath  the  diaphragm,  the  liver  is  overlapped  by  the  lower  margin 
of  the  right  lung  and  by  the  costo-diaphragmatic  pleural  recess.  The 
relationship  maintained  by  the  latter  is  fairly  constant  as  the  line  of 
pleural  reflexion  between  the  diaphragm  and  chest  wall  is  not  subject 
to  any  considerable  degree  of  variability.  The  relation  of  the  lung, 
however,  is  very  variable ;  it  alters  during  respiration,  as  its  thin  edge 
advances  and  recedes  within  the  pleural  recess.  When,  the  liver  enlarges 
in  an  upward  direction  the  base  of  the  lung  rises  with  the  diaphragm,  but 
the  depth  of  the  pleural  recess  is  practically  unchanged.  This  fact  is  one 
of  very  great  importance  in  the  surgery  of  the  liver  (Hepatotomji).  It 
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frequently  happens  that  the  most  direct  route  to  reach  an  abscess  or 
hydatid  cyst  in  the  right  lobe  is  by  way  of  the  thorax.  In  such  cases 
the  lung  is  displaced  upwards  for  a  considerable  distance  out  of  the 
costo-diaphragmatic  recess,  and  the  diaphragm  lies  in  contact  with  the 
thoracic  wall  over  an  abnormally  extensive  area.  To  reach  the  liver 
through  the  diaphragm,  the  pleural  recess  is  of  necessity  opened,  hence 
the  name  transpleural  hepatotomy  which  has  been  given  to  this  operation. 

Wounds  and  Contusions  of  the  Liver. — The  liver  is  well  protected 
from  the  effects  of  injury  by  the  overlying  ribs,  nevertheless  it  is  some- 
times contused,  and  even  extensively  lacerated  when  subjected  to  severe 
forms  of  direct  violence.  This,  no  doubt,  is  facilitated  by  its  fixity,  and 
by  the  yielding  nature  of  the  lower  ribs.  Its  friability,  too,  renders  it 
liable  to  rupture,  and  this  is  even  more  likely  to  occur  in  disease  when 
its  volume  is  increased.  The  capsule  of  Glisson,  together  with  the 
peritoneum  which  surrounds  the  liver,  may  remain  untorn  even  though 
the  liver  substance  be  severely  bruised.  With  more  severe  injuries  the 
liver  is  deeply  fissured,  most  frequently  upon  its  deep  or  visceral  aspect. 
The  fissures  vary  in  depth  and  extent,  and  present  as  a  rule  a  linear  or 
stellate  appearance.  Such  an  accident  is  attended  with  very  great  danger 
in  consequence  of  the  very  free  haemorrhage  and  the  extravasation  of  bile 
which  takes  place  into  the  peritoneal  cavity.  Penetrating  wounds  of  the 
chest  wall  below  the  horizontal  level  of  the  fifth  rib  in  the  mammary  line 
will,  if  sufficiently  deep,  penetrate  the  liver,  having  traversed  the  pleural 
cavity  and  the  diaphragm.  They  will  probably  implicate,  in  addition,  the 
lower  thin  edge  of  the  lung  which  occupies  the  costo-diaphragmatic 
recess.  The  sharp  ends  of  fractured  ribs  have  been  driven  through  the 
diaphragm  into  the  liver. 

Hepatic  Abscess. — The  microbic  excitants  of  suppuration,  in  the 
absence  of  an  open  wound,  may  reach  the  liver  along  different  channels, 
most  frequently  by  the  blood  and  biliary  vessels,  rarely  by  the  lymphatics. 
The  infective  matter  is,  in  the  great  majority  of  cases,  conveyed  to  the 
liver  through  the  medium  of  emboli,  or  by  a  spreading  thrombo-phlebitis 
along  the  portal  vein  which  may  have  its  primary  source  within  any  part 
of  the  area  drained  by  the  tributaries  of  this  vessel,  but  more  particularly 
the  intestinal  canal  in  cases  of  ulceration  (dysentery),  appendicitis, 
perityphlitis,  rectal  operation  wounds,  etc.  etc.  In  the  course  of  general 
pyaemia,  infective  emboli  having  travelled  through  the  lungs  may  find 
their  way  into  the  hepatic  artery,  having  had  their  origin  in  some  part  of 
the  body  drained  by  the  systemic  vessels,  a  not  unlikely  site  being  the 
lateral  sinus,  which  is  liable  to  become  inflamed  and  thrombosed  as  a 
sequela  of  middle-ear  disease.  Long  ago,  before  the  true  pathological 
connection  between  these  remote  foci  of  suppuration  was  clearly  under- 
stood, attention  was  drawn  to  the  great  frequency  with  which  intracranial 
suppuration  was  associated  with  multiple  abscesses  within  the  liver.  The 
biliary  passages  under  certain  conditions  are  affected  with  an  acute 
ascending  form  of  inflammation  (cholangitis),  having  its  specific  origin 
in  the  alimentary  canal.  A  remarkable  parallelism  may  be  traced 
between  this  mode  of  liver  infection  and  that  which  is  so  commonly  met 
with  in  the  kidney  consequent  upon  septic  changes  originating  in  some 
part  of  the  lower  urinary  tract.  Bacterial  infection  is  especially  liable  to 
spread  from  the  duodenum  to  the  liver  in  cases  of  gall-stones,  as  these,  by 
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their  irritating  properties,  damage  the  mucous  lining  of  the  gall-bladder 
and  the  larger  biliary  passages,  exciting  in  them  inflammation  of  a 
catarrhal,  purulent  or  even  gangrenous  nature. 

Liver  abscesses  are  divided  into  two  main  groups,  the  multiple  and  the 
solitary.  The  former,  which  usually  have  a  pyaemic  origin,  are  small  and 
lie  near  the  surface,  they  are  scattered  diffusely  throughout  the  liver,  and 
are  quite  beyond  the  scope  of  surgical  treatment.  The  solitary  abscess 
is,  however,  of  very  great  surgical  interest,  owing  to  the  complications 
which  it  may  give  rise  to,  and  the  special  form  of  treatment  which  it 
demands.  This  variety  of  abscess  is  especially  frequent  in  warm  climates, 
hence  the  name  'tropical  abscess'  by  which  it  is  commonly  known.  It 
appears  to  have  a  close  connection  with  dysentery,  and  is  probably 
metastatic  in  origin.  The  abscess  forms  most  commonly  in  the  right 
lobe  of  the  liver,  and  at  first  is  situated  deeply.  As  it  increases  in  size 
it  causes  progressive  destruction  of  the  liver  tissue  and  considerable 
enlargement  of  the  organ,  which  may  be  of  a  uniform  character  or 
limited  to  a  certain  area.  The  enlarging  abscess  tends  to  make  its 
way  to  the  surface,  but  in  the  meantime  it  may  seriously  complicate 
matters  by  rupturing  into  some  neighbouring  viscus  or  cavity.  The 
course  of  events  largely  depends  upon  whether  the  abscess  makes  its 
way  upwards  or  downwards.  Very  commonly  it  advances  towards  the 
convex  aspect  of  the  liver,  and  as  it  approaches  the  diaphragm  certain 
symptoms  of  diagnostic  value  will  probably  be  noted.  These  consist  of 
coughing  of  a  reflex  nature,  which  is  attributable  to  irritation  of  some 
filaments  of  the  vagus  nerve  in  the  liver,  also  diaphragmatic  pleurisy, 
accompanied  by  severe  pain  over  the  affected  area,  and  by  friction  sounds  ; 
the  area  of  liver  dulness  is  increased  and  there  may  be  a  distinct  bulging 
of  the  lower  ribs.  Pain,  referred  to  the  right  shoulder  and  clavicular 
region,  is  to  be  explained  by  the  close  connection  which  exists  in 
the  cervical  region  of  the  cord  between  the  right  phrenic  nerve — some 
filaments  of  which  reach  the  liver — and  the  superficial  descending 
cutaneous  branches  of  the  cervical  plexus.  Should  the  abscess  make  its 
way  through  the  diaphragm,  it  may  reach  the  pleural  cavity  and  set  up 
a  diffuse  and  probably  fatal  pleurisy.  As  a  rule,  however,  this  com- 
plication is  prevented  by  adhesions  between  the  lung  and  the  diaphragm  ; 
the  abscess  consequently  will  invade  the  lung  and  rupture  into  one  of 
the  bronchi,  its  contents  being  expectorated,  but  if  copious  in  amount 
the  pus  may  cause  suffocation.  When  extension  of  the  abscess  takes 
place  in  a  downward  direction,  it  may  burst  into  the  peritoneal  cavity 
or,  if  adhesions  have  formed,  into  one  of  the  hollow  viscera  such  as  the 
stomach,  duodenum,  or  colon.  If  the  abscess  is  situated  posteriorly, 
it  may  find  its  way  into  the  loose  tissue  between  the  liver  and  the 
diaphragm,  and  extend  downwards  along  the  perinephric  tissue  into  the 
lumbar  region.  It  has  been  known  to  make  its  way  towards  the  surface 
between  the  ribs  or  through  the  anterior  abdominal  wall. 

The  evacuation  of  a  large  hepatic  abscess  by  prompt  surgical 
measures  (hepatotomy)  is  imperatively  demanded  as  soon  as  the  presence 
of  pus  has  been  ascertained.  Two  routes  are  available  in  reaching  it,  and 
the  selection  of  either  will  depend  entirely  upon  the  direction  in  which 
the  abscess  enlarges  most  freely,  (i)  Abdominal  route.  An  oblique 
incision  is  made  over  the  enlarged  liver  through  the  anterior  abdominal 
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wall  immediately  below  the  costal  arch.  If  the  liver  is  adherent  to  the 
parietal  peritoneum,  the  incision  is  extended  through  its  substance  until 
the  abscess  is  reached.  Should  no  adhesions  have  formed  between  the 
liver  and  the  abdominal  wall,  two  courses  are  open :  (a)  to  incise  the 
liver,  allow  the  contents  of  the  abscess  to  escape  externally,  and  then 
suture  the  margins  of  the  liver  wound  to  the  deeper  part  of  the  parietal 
incision,  and  insert  a  large  drainage  tube ;  (b)  to  plug  the  wound  from 
the  liver  outwards  and  wait  for  a  few  days  until  adhesions  have 
formed  before  opening  the  abscess  (Hepatotomy  in  two  stages — '  a  deux 
temps '). 

(2)  The  transpleural  route  is  employed  mainly  in  those  cases  where 
the  abscess  involves  the  upper  convex  aspect  of  the  right  lobe.  The  lung 
is  displaced  upwards  and  the  enlarged  liver  comes  into  close  contact 
externally  with  the  chest  wall  in  the  right  hypochondrium  and  may 
cause  the  side  to  bulge ;  the  vertical  depth  of  the  costo-diaphragmatic 
recess  of  the  pleura,  too,  is  increased.  In  this  operation  it  is  usually 
necessary  to  resect  a  piece  of  a  rib — the  eighth  or  ninth,  or  portions  of  both 
— in  the  mid-axillary  line.  An  incision  is  made  in  the  long  axis  of  the 
selected  rib,  and  a  piece  about  one  and  a  half  inches  long  is  removed. 
If  portions  of  two  ribs  are  to  be  removed,  the  skin  incision  is  directed 
along  the  intercostal  space  by  which  they  are  separated.  The  pleural 
cavity  is  opened,  and  its  parietal  (costal}  and  diaphragmatic  layers  are 
carefully  sutured  together ;  occasionally,  however,  these  are  found 
already  adherent.  The  incision  is  subsequently  prolonged  through  the 
diaphragm  into  the  liver,  the  cavity  of  the  abscess  is  opened,  and  its 
contents  evacuated. 

Hydatid  Cysts  are  found  more  frequently  in  the  liver  than  in  any 
other  part  of  the  body.  As  a  rule  the  cyst  is  single,  and  has  its 
origin  in  the  ovum  of  the  taenia  echinococcus — a  worm,  the  normal 
habitat  of  which  is  the  intestine  of  the  dog.  The  ovum  is  conveyed  into 
the  stomach  with  the  food,  its  external  envelope  is  dissolved,  the 
embryo  is  set  free  and  makes  its  way  into  the  intestine.  It  is  provided  at 
one  extremity  with  three  pairs  of  spines  or  hooks,  by  means  of  which  it 
is  enabled  to  penetrate  and  traverse  the  tissues.  From  the  intestine  it 
makes  its  way  through  the  mucous  membrane  and  into  one  of  the 
radicles  of  the  portal  vein.  Having  reached  the  liver  it  develops  into  the 
hydatid  cyst,  which  often  attains  very  large  dimensions,  and  causes  the 
liver  to  increase  greatly  in  size.  When  the  enlarging  cyst  invades  the 
subdiaphragmatic  region  it  bulges  the  chest  wall  and  epigastrium, 
compressing  the  lung  and  heart,  impeding  respiration,  and  causing  severe 
cardiac  distress.  Under  such  conditions  it  is  not  unlikely  to  be  mistaken 
for  a  pleural  effusion.  It  may  rupture  into  the  pleural  cavity,  but  more 
commonly  into  one  of  the  bronchi.  This  accident  may  happen  during 
an  attack  of  coughing,  and  if  one  of  the  larger  bronchi  is  perforated 
the  sudden  gush  of  the  contents  of  the  cyst  would  be  very  liable  to  cause 
suffocation. 

The  treatment  required  for  hydatid  cysts  of  the  liver  closely 
resembles  that  of  abscess  already  described,  viz.,  incision  of  the  cyst 
and  evacuation  of  its  contents,  and  this  may  be  done  either  by  the 
abdominal  or  transpleural  route,  and  in  one  or  two  stages,  care  being 
taken  to  prevent  the  contents  of  the  cyst  entering  the  peritoneal  or 
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pleural  cavity.     When  the  cyst  develops  as  an  outgrowth  from  the  liver 
it  may  be  possible  to  excise  it  completely. 

Hepatoptosis,  or  Movable  Liver. — Before  alluding  to  the  abnormal 
changes  in  position  which  the  liver  in  certain  rare  cases  is  found  to 
undergo,  it  is  desirable  to  consider  by  what  means  this  organ 
is  normally  retained  in  position.  It  is  held  in  contact  with  the 
diaphragm  by  the  layers  of  the  coronary  ligament,  and  by  some 
connective  tissue  which  intervenes  between  the  diaphragm  and  that  part 
of  the  posterior  surface  of  the  liver  which  is  devoid  of  peritoneum.  The 
inferior  vena  cava  anchors  it  against  the  posterior  abdominal  wall.  This 
vessel  lies  in  a  deep  groove  in  the  liver,  and  in  some  cases  is  completely 
surrounded  by  liver  substance.  The  hepatic  veins,  passing  as  they  do 
into  the  inferior  vena  cava,  may  be  regarded  also  as  having  a  suspensory 
function.  The  falciform  ligament  cannot  be  considered  as  contributing 
in  any  way  to  the  support  of  the  liver,  seeing  that  it  is  usually  in  a  state 
of  relaxation.  The  general  mass  of  the  small  intestines  forms  an  elastic 
cushion  upon  which  the  liver  indirectly  rests,  and  in  addition  the 
pressure  of  the  abdominal  muscles  contributes  in  no  small  degree  to 
maintain  the  intra-abdominal  viscera  generally  in  their  normal  positions 
with  regard  to  each  other.  As  in  other  closed  cavities  the  atmospheric 
pressure  is  an  important  factor  in  enabling  the  viscera  to  maintain  their 
normal  relationships  with  the  abdominal  parietes. 

Abnormal  mobility  of  the  liver  has  been  noted  in  some  cases  as  a 
congenital  defect,  but  as  a  rule  the  condition  is  acquired.  Excessive 
narrowing  of  the  thoracic  outlet  or  that  produced  artificially  by  tight 
lacing  may  be  regarded  as  predisposing  causes.  It  is  most  liable 
to  occur  in  multiparous  females,  in  whom  the  abdominal  walls 
are  greatly  relaxed,  and  where  the  intestines  and  viscera  generally, 
including  the  spleen  and  kidneys,  have  a  tendency  to  gravitate  down- 
wards (visceroptosis).  Enlargements  of  the  liver  by  neoplasms  or  other 
causes,  by  increasing  the  weight  of  the  organ,  exercise  traction  upon 
its  suspensory  apparatus,  and  may  cause  it  to  assume  an  abnormally 
low  level,  so  that  it  may  occupy  the  umbilical  region,  and  even  reach 
the  right  iliac  fossa,  and  be  mistaken  for  an  abdominal  tumour. 

Tight  lacing  exercises  a  very  injurious  degree  of  compression 
upon  the  liver,  causing  it  to  become  elongated  ;  the  right  lobe  ascends 
higher  than  normal,  and  its  lower  margin,  elongated  and  tapering, 
extends  from  beneath  the  costal  arch,  and  may  even  reach  the  iliac 
crest.  This  lower  attenuated  portion  of  the  right  lobe  is  sometimes 
referred  to  as  Riedels  lobe.  The  outer  surface  of  the  liver  presents  a 
series  of  obliquely  directed  furrows,  caused  by  the  compressing  force 
of  the  lower  ribs.  In  some  cases  the  organ  shows,  in  addition,  a 
well  marked  horizontal  furrow  at  the  level  of  the  constriction,  along 
which  the  liver  substance  is  replaced  by  a  zone  of  cicatricial  tissue 
(Merkel).  The  stomach  also  participates  in  the  distortion.  The 
direction  of  its  long  axis  is  altered,  and  instead  of  extending  from  left 
to  right  with  its  normal  degree  of  obliquity,  it  assumes  a  vertical  position 
and  may  appear  considerably  elongated.  Such  an  appearance  is 
presented  in  fig.  127,  taken  from  a  young  female  subject.  It  will  be 
noted  also  in  this  case  that  the  pyloric  segment  of  the  stomach  bends 
abruptly  and  ascends  to  join  the  duodenum. 
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Hepatectomy.— Partial  hepatectomy  is  sometimes  performed  for  the 
removal  of  certain  tumours  of  the  liver,  and  the  facility  with  which  it  is 
carried  out  depends  largely  upon  whether  the  tumour  is  an  outgrowth 
from  the  general  mass  of  the  liver,  attached  to  it  by  a  pedicle  of  varying 
proportions,  or  whether  it  is  embedded  within  and  incorporated  with  the 
liver  substance.  The  principal  difficulties  attending  the  operation  are 
the  controlling  of  haemorrhage,  which  is  usually  free,  and  the  appli- 
cation of  efficient  sutures,  the  great  friability  of  the  liver  tissue  pre- 
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FIG.  127. — This  figure,  which  has  been  taken  from  a  young  female  subject,  illustrates  the  dis- 
tortion which  the  liver  and  stomach  very  frequently  undergo  as  the  result  of  tight  lacing  ; 
see  account  p.  452.  The  lower  border  of  the  liver  is  indicated  by  the  dotted  black  line. 
The  spleen  was  considerably  enlarged,  and  was  overlapped  to  a  slight  extent  by  the  left 
lobe  of  the  liver.  The  asterisk  in  the  deep  recess  between  the  colon  and  the  outer  border  of 
the  right  kidney  marks  the  site  at  which  a  counter-opening  may  be  made  for  the  purpose  of 
draining  the  hepato-renal  recess  in  certain  operations  upon  the  biliary  passages — see  The 
Surgery  of  the  Biliary  Passages,  p.  457. 

venting  these  taking  a  firm  hold.  Attention  has  been  drawn  by  some 
authorities  to  the  entrance  of  air  into  the  divided  open-mouthed  hepatic 
veins  as  a  possible  source  of  danger. 

The  Portal  Circulation. — The  peculiar  feature  of  the  portal  circula- 
tion consists  in  the  fact  that  whereas  the  radicles  of  the  portal  vein 
commence  in  venous  capillaries  within  the  '  portal  area,'  the  vein  itself 
having  reached  the  liver,  breaks  up  again  into  capillaries,  the  blood 
finally  leaving  the  organ  by  the  hepatic  veins,  which  empty  them- 
selves into  the  inferior  vena  cava.  The  portal  circulation  plays  an 
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important  part  in  the  economy  of  the  body ;  it  conveys  the  greater 
part  of  the  products  of  digestion — carbohydrates  and  proteids — to  the 
liver,  where  they  undergo  important  chemical  changes.  Thus,  the 
carbohydrates  are  for  the  most  part  converted  into  glycogen  which  is 
stored  up  within  the  liver  cells,  and  subsequently  converted  by  these  into 
sugar  and  carried  into  the  systemic  circulation  to  meet  the  requirements 
of  the  tissues.  Proteids  (floating  albumen)  are  to  a  large  extent  split  up 
within  the  liver,  the  nitrogenous  moiety  going  to  form  urea,  which  is 
subsequently  removed  from  the  blood  by  the  kidneys. 

The  low  degree  of  blood  pressure  within  the  portal  vein  is  a  fact 
of  considerable  practical  importance,  as  it  favours  the  surgical  arrest  of 
haemorrhage  in  wounds  of  the  liver. 

Obstruction  to  the  portal  circulation  may  take  place  in  different 
ways  :  amongst  the  more  common  may  be  mentioned — (i)  Chronic  inter- 
stitial hepatitis,  or  cirrhosis  of  the  liver.  In  this  disease,  the  interlobular 
divisions  of  the  portal  vein  within  the  liver  are  surrounded  and  com- 
pressed by  the  contracting  fibrous  tissue  within  the  portal  canals. 

(2)  Organic  valvular  disease  of  the  heart. — The  circulation  through 
the  heart  is  obstructed,  and  the  resulting  back-pressure  causes  great 
engorgement  of  the  hepatic  veins  and  their  capillaries,  and  subsequently 
throughout  the  portal  system,  leading   to  what  is  known  as  cyanotic 
atrophy  of  the  liver  or  nutmeg  liver. 

(3)  Pressure  of  tumours  upon  the  portal  vein,  such  as  cancer,  abscess  or 
hydatids  of  the  liver  itself,  cancer  of  the  head  of  the  pancreas,  enlarged 
lymphatic  glands  within  the  portal  fissure  or  between'the  layers  of  the 
gastro-hepatic  omentum. 

Ascites  or  Abdominal  Dropsy  is  the  usual  result  of  portal  obstruc- 
tion. A  free  transudation  of  serous  fluid  takes  place  into  the  peritoneal 
cavity,  and  may  accumulate  to  such  an  extent  as  to  cause  great 
distress  from  abdominal  distension.  Certain  channels  of  communica- 
tion exist,  which  may  be  regarded  as  connecting  links  between  the  portal 
and  systemic  venous  systems,  and  help  in  some  degree  to  relieve  the 
over-distended  portal  vessels.  The  principal  are — (i)  Communicating 
veins  between  those  of  the  stomach  and  oesophagus.  (2)  The  para- 
umbilical  veins  connecting  the  portal  vein  (left  branch)  with  the 
superficial  veins  of  the  abdominal  wall.  These  have  already  been  fully 
described  (p.  385),  and  mention  has  been  made  of  the  dilated  and 
tortuous  appearance  which  they  sometimes  assume  (caput  medusa}. 
(3)  Communications  between  the  superior  haemorrhoidal  veins  {portal 
system}  and  the  middle  and  inferior  haemorrhoidal  veins  (systemic  system) 
at  the  lower  part  of  the  rectum.  These  serve  to  explain  the  frequency 
with  which  haemorrhoids  make  their  appearance  in  cases  of  hepatic 
cirrhosis  and  other  obstructive  conditions,  and  also  why  the  haemorrhage 
which  takes  place  from  the  rectum  may  have  a  salutary  effect  by  reliev- 
ing the  overloaded  portal  system.  (4)  Communications  between  the 
veins  of  the  liver  and  those  in  the  diaphragm.  These  are  found  in  the 
region  of  the  bare  area  posteriorly,  viz.,  between  the  layers  of  the 
coronary  ligament. 

Mention  has  been  made  (p.  388)  of  a  device  which  has  been  employed 
for  the  relief  or  cure  of  ascites  by  producing  an  artificial  anastomosis 
between  the  portal  and  systemic  veins.  Another  method  which  has 
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been  employed  is  to  open  the  abdomen,  to  scrub  the  investing  peritoneum 
of  the  liver,  spleen,  and  also  that  belonging  to  the  abdominal  wall  where 
it  overlies  these  organs.  The  opposed  surfaces  are  united  by  sutures, 
and  the  great  omentum  also  is  brought  into  contact  with  the  scrubbed 
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FIG.  128. — Dissection  of  the  biliary  apparatus  and  structures  contained  between  the  layers  of 
the  hepato-duodenal  ligament  (lesser  omentum).  The  right  and  left  hepatic  ducts  emerge 
from  the  liver  and  form  a  single  trunk  which  is  joined  by  the  cystic  duct  to  form  the 
common  bile  duct.  This  latter  is  situated  to  the  right,  the  hepatic  artery  to  the  left,  and 
the  portal  vein  more  posteriorly  ;  they  occupy  the  right  free  margin  of  the  gastro-hepatic 
omentum  and  bound  the  foramen  of  Winslow  in  front — see  arrow.  The  portion  of  the 
common  bile  duct  seen  here  is  that  which  is  most  accessible  to  surgical  intervention,  viz.,  its 
supraduodenal  segment.  The  left  lobe  of  the  liver  has  been  removed. 

surface  of  the  anterior  abdominal  wall,  the  object  being  to  promote 
adhesions  and  interchange  between  the  two  venous  systems  (Drummond 
and  M orison). 

The  portal  vein  has  already  been  alluded  to  as  a  channel  by  means 
of  which  septic  infection  may  reach  the  liver,  either  by  the  medium  of 
emboli  or  as  the  result  of  an  ascending  thrombophlebitis  (fylephlebitis), 
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spreading  along  the  vein  into  the  interior  of  the  liver.  Cancerous 
metastases  also  spread  by  the  portal  stream,  the  stomach  and  rectum 
being  very  commonly  the  starting-points  of  the  disease. 

THE  BILIARY  APPARATUS.— The  Bile  Duct  is  formed  at  the  bottom  of  the 
transverse  fissure  by  the  junction  of  the  right  and  left  hepatic  ducts  (fig.  128).  The  larger  bile 
ducts  from  which  these  originate  within  the  liver  present,  as  a  rule,  spindle-shaped  dilatations, 
and  it  is  probable  that  when  the  gall-bladder  is  wanting  or  has  been  removed  by  operation  they 
dilate  to  a  still  greater  extent  and  act  as  reservoirs  (Merkel).  As  the  bile  duct  descends  it  is 
contained  between  the  two  layers  of  the  lesser  omentum.  Its  length  varies,  as  it  depends  upon 
the  level  at  which  the  cystic  duct  joins  it  to  form  the  common  bile  duct,  but  on  an  average  it  may 
be  stated  to  vary  from  one  and  a  half  to  two  inches. 

The  Gall-Bladder  is  a  thin-walled  sac,  pyriform  in  outline  and  about  three  inches  in  length, 
which  is  attached  to  the  inferior  surface  of  the  liver  by  some  loose  tissue  and  by  the  peritoneum  which 
is  reflected  from  its  sides.  Its  large  extremity  or  fundus  is  directed  downwards,  forwards,  and  to 
the  right,  its  tapering  extremity  in  the  opposite  direction.  Its  anterior  extremity,  its  under  surface 
and  its  sides  are  covered  by  peritoneum ;  occasionally  it  is  suspended  from  the  liver  by  a  mesentery. 
In  some  cases,  no  doubt,  this  latter  has  a  congenital  origin,  but  it  may  probably  also  be  an 
acquired  condition,  and  is  met  with  occasionally  in  elderly  bed-ridden  subjects  with  large  solitary 
gall-stones.  When  the  gall-bladder  is  full  its  fundus  comes  into  contact  with  the  anterior 
abdominal  wall  opposite  the  ninth  costal  cartilage,  which  point  is  indicated  upon  the  surface  of 
the  abdomen  by  a  slight  depression  between  the  outer  border  of  the  right  rectus  muscle  and  the 
chest  wall.  It  is  related  inferiorly  to  the  transverse  colon  and  the  duodenum,  but  when  the 
stomach  is  greatly  distended  the  gall-bladder  may  overlie  its  pyloric  extremity.  The  narrow 
end  of  the  gall-bladder  has  a  sinuous  outline  or  S-shaped  curve,  which  bends  downwards  in 
order  to  reach  its  termination  in  the  cystic  duct.  Absence  of  the  gall-bladder  has  been  noted, 
but  such  a  condition  is  excessively  tare. 

The  Cystic  Duct  is  about  one  and  a  half  inches  in  length.  It  is  directed  downwards,  back- 
wards, and  to  the  left  to  join  the  hepatic  duct,  so  as  to  form  the  common  bile  duct.  It  runs 
alongside  the  hepatic  duct  for  some  distance  before  joining  it.  Its  mucous  membrane  is  arranged 
in  a  series  of  folds,  which  are  directed  in  such  a  manner  as  to  produce  a  .sort  of  spiral  valve.  As 
will  be  pointed  out  presently,  this  arrangement  offers  considerable  obstruction  to  the  passage  of 
calculi,  indeed  they  not  uncommonly  become  impacted  here. 

The  Common  Bile  Duct  is  about  three  inches  in  length,  and  its  lumen  has  a  diameter  of 
about  quarter  of  an  inch.  In  its  first  or  supraduodenal  stage  it  runs  downwards  in  the  right  free 
border  of  the  gastro -hepatic  omentum  (hepato- duodenal  ligament),  accompanied  by  the  hepatic 
artery  and  the  portal  vein,  together  with  some  small  vessels,  nerves  and  lymphatics,  and  lies  in 
front  of  the  foramen  of  Winslow  (fig.  128).  It  then  passes  behind  the  first  stage  of  the  duodenum, 
and  is  continued  downwards  along  the  left  side  of  its  second  or  descending  stage,  lying  in  a  groove 
in  the  pancreas  or  quite  surrounded  by  the  gland  substance.  It  is  joined  on  its  left  side  by  the 
pancreatic  duct,  both  together  forming  a  short  common  reservoir,  the  ampulla  of  Vater.  Beyond 
this  the  duct  becomes  suddenly  constricted,  and  having  traversed  the  intestinal  wall  very 
obliquely,  opens  on  the  summit  of  a  papilla,  close  to  the  termination  of  the  second  stage  of 
the  duodenum,  or  from  three  and  a  half  to  four  inches  beyond  the  pylorus. 

THE  BILIARY  PASSAGES.— The  applied  anatomy  of  the  gall- 
bladder and  bile  ducts  is  largely  concerned  in  elucidating  the  rationale 
of  certain  operations  performed  upon  these  parts  for  the  removal  of 
gall-stones,  or  for  treating  the  various  complications  which  these  so 
frequently  incur.  The  presence  of  calculi  in  the  gall-bladder  is  liable 
to  cause  inflammation  of  its  mucous  membrane  (cholecystitis},  which 
may  subsequently  involve  its  outer  peritoneal  covering  (J>ericholecystitis). 
This  accounts  for  the  frequency  of  adhesions  between  the  gall-bladder 
and  neighbouring  structures,  especially  the  colon,  duodenum,  great 
omentum,  and  the  anterior  abdominal  wall.  Large  gall-stones  have 
been  known  to  ulcerate  through  the  gall-bladder  into  the  duodenum, 
and  to  become  impacted  subsequently  in  the  intestine  lower  down, 
usually  in  the  ileum,  and  to  cause  acute  intestinal  obstruction.  No 
gall-stone  capable  of  doing  this  could  possibly  traverse  the  common 
bile  duct.  By  a  process  of  ulceration  they  may  also  make  their  way 
into  the  colon,  stomach,  or  even  through  the  anterior  abdominal  wall. 
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A  collection  of  calculi  in  the  gall-bladder  is  therefore  a  source  of  danger, 
and  may  be  the  cause  of  very  acute  suffering.  The  operative  measures 
usually  required  for  their  removal  are  briefly  indicated  below. 

The  Surgery  of  the  Biliary  Passages. — At  this  stage  it  is  well 
to  consider  the  surroundings  of  the  region  in  which  operations  upon 
the  biliary  passages  are  conducted.  A  glance  at  figs.  122  and  123  will 
show  clearly  the  manner  in  which  the  general  cavity  of  the  abdomen 
is  subdivided  into  two  compartments  by  the  transverse  colon  and  its 
mesentery.  Attention  has  already  been  drawn  to  this  fact  in  con- 
nection with  gastro-enterostomy.  The  gall-bladder  region  lies  to  the 
right  of  the  upper  or  supramesocolic  compartment,  and  corresponds 
to  a  deep  recess  directed  obliquely  from  before  backwards  and  upwards 
beneath  the  liver.  On  raising  the  latter  and  passing  the  hand  in  deeply 
on  the  right  side  it  will  come  into  contact  with  the  kidney,  and  its 
progress  will  be  arrested  behind  by  the  reflexion  of  peritoneum 
between  the  latter  and  the  posterior  surface  of  the  liver  (hepato-renal 
recess).  Just  below  the  neck  of  the  gall-bladder  the  finger  may  be  passed 
into  the  foramen  of  Winslow,  in  front  of  which  lies  the  supraduodenal 
stage  of  the  common  bile  duct,  together  with  the  portal  vein  and  the 
hepatic  artery  (fig.  128),  these  structures  being  collectively  contained 
between  the  two  layers  of  the  lesser  omentum  (hepato- duodenal  ligament). 
The  pyloric  extremity  of  the  stomach  will  be  seen  passing  backwards 
beneath  the  liver  into  the  duodenum,  and  the  latter  can  be  followed  back- 
wards to  the  superior  duodenal  flexure  (fig.  126).  The  floor  of  this  recess 
is  formed  in  front  by  the  hepatic  flexure  of  the  colon,  from  the  lower  border 
of  which  the  great  omentum  is  suspended  and  hangs  down  over  the  small 
intestines.  It  is  sometimes  desirable  in  operations  upon  the  gall-bladder  or 
common  bile  duct  to  prevent  bile  that  is  extravasated  from  either  of  these 
making  its  way  into  the  general  peritoneal  cavity,  and  with  this  object  in 
view  the  great  omentum  in  front  of  the  colon  is  drawn  forwards  and 
sutured  to  the  anterior  abdominal  wall  below  the  gall-bladder.  A 
further  precaution  which  is  sometimes  adopted  is  to  make  a  counter- 
opening  posteriorly  at  the  lower  level  of  the  hepato-renal  recess  and  to 
the  right  of  the  hepatic  flexure  of  the  colon.  This  can  be  done  without 
difficulty  from  within  the  abdominal  cavity,  and  an  opening  so  placed  is 
well  adapted  for  draining  this  region,  owing  to  the  dependent  position 
which  it  occupies  when  the  body  is  supine  (Rutherford  Morison). 
Matting  of  the  tissues  in  the  immediate  vicinity  of  the  gall-bladder  is 
indicative  of  previous  attacks  of  pericholecystitis,  it  renders  the  gall- 
bladder very  fixed  and  difficult  to  manipulate. 

If  a  calculus  become  impacted  in  the  cystic  duct  (fig.  1 28),  or  should  the 
latter  be  occluded  by  a  process  of  cicatricial  contraction,  the  gall-bladder 
becomes  distended  by  the  gradual  accumulation  of  a  clear  mucinous 
fluid  secreted  by  the  mucous  membrane  (dropsy  of  the  gall-bladder). 

When  cholecystitis  is  associated  with  calculi,  the  gall-bladder  may 
contain  pus,  forming  in  fact  an  abscess  sac  (empyemd).  Distension  of 
the  gall-bladder  with  bile  frequently  occurs  in  consequence  of  obstruction 
of  the  common  bile  duct  by  a  malignant  growth  in  some  adjoining 
part — the  pancreas,  for  example — less  frequently  it  depends  upon  the 
occlusion  of  the  duct  by  a  gall-stone.  At  the  same  time  there  is  usually 
intense  jaundice,  and  the  individual  suffers  from  cholcemia  or  biliary 
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tox&mia.  The  size  of  a  distended  gall-bladder  varies  ;  it  may  be  as 
large  as  the  closed  fist,  or  even  larger,  and  has  been  mistaken  more  than 
once  for  an  ovarian  cyst.  Its  outline  may  in  some  cases  be  detected  by 
palpation  through  the  abdominal  wall.  In  the  course  of  its  enlargement 
it  extends  downwards  obliquely  in  the  direction  of  a  line  drawn  from  the 
ninth  or  tenth  costal  cartilage  to  the  umbilicus,  forming  a  circumscribed 
tumour,  pyriform  in  outline,  elastic  and  tense.  It  has  usually  a  limited 
range  of  mobility,  it  is  dull  on  percussion,  and  moves  up  and  down  with 
the  diaphragm  during  respiration. 

Cholecystotomy. — The  abdomen  is  opened  over  the  region  of  the 
gall-bladder,  by  a  vertical  incision  either  through  the  rectus  sheath  or  in 
the  semilunar  line,  the  upper  extremity  of  which  practically  overlies  the 
fundus  of  the  gall-bladder.  Kocher  recommends  an  oblique  incision 
beneath  the  costal  arch  (p.  394).  The  gall-bladder  is  found,  the  liver  is 
raised  as  fully  as  possible,  and  the  condition  of  the  biliary  passages  care- 
fully investigated.  In  difficult  cases  this  is  much  facilitated  by  making  a 
free  parietal  incision  and  placing  a  large  sandbag  beneath  the  lumbar 
region  of  the  spine  (Mayo  Robson).  Unless  the  gall-bladder  is  very 
tense,  an  estimate  may  be  formed  as  to  the  nature  of  its  contents  by  its 
feel.  The  finger  is  passed  backwards  to  the  point  where  it  tapers  into 
the  cystic  duct,  in  the  valvular  folds  of  which  a  calculus  is  liable  to 
lodge  or  become  permanently  impacted,  and  the  presence  of  which  may 
possibly  be  revealed  by  palpation.  It  is  well  to  bear  in  mind  that  a 
lymphatic  gland  which  lies  normally  in  close  relation  to  the  neck  of  the 
gall-bladder  may  be  mistaken  for  a  calculus  if  enlarged,  and  this  would 
probably  be  the  case  if  cholecystitis  were  present.  The  gall-bladder  is 
drawn  up  into  the  wound,  its  fluid  contents  are  removed  for  the  most 
part  by  aspiration,  its  wall  is  then  incised,  the  calculi  are  removed,  and 
the  opening  is  either  fixed  by  sutures  to  the  deeper  layers  of  the 
abdominal  wound,  leaving  a  fistulous  opening  (cholecystostomy),  or  it  is 
carefully  sutured,  returned  within  the  abdominal  cavity,  and  the  parietal 
wound  closed  (cfiolecystotomy). 

Cholecystectomy,  or  resection  of  the  gall-bladder,  provided  extensive 
adhesions  do  not  exist,  can  usually  be  performed  without  very  much 
difficulty,  and  without  fear  of  serious  bleeding.  The  steps  of  the  opera- 
tion, after  the  abdomen  is  opened,  consist  in  dividing  the  peritoneum  at 
the  sides  of  the  gall-bladder  and  detaching  the  latter  from  the  deep 
aspect  of  the  liver  as  far  back  as  the  cystic  duct.  This  is  surrounded  by 
a  ligature,  which  at  the  same  time  includes  the  cystic  artery,  and  the 
gall-bladder  is  removed,  the  stump  of  the  duct  being  subsequently 
covered  by  the  peritoneal  flaps  detached  from  the  latter.  This  procedure 
is  occasionally  carried  out  for  new  growths,  for  calculi,  especially  when 
the  gall-bladder  is  contracted  and  shrivelled,  or  for  dropsy  of  the  gall- 
bladder, due  to  an  obstruction  in  the  cystic  duct  which  is  not  capable 
of  being  removed. 

Cholecystenterostomy  consists  in  effecting  a  junction  between  the 
gall-bladder  and  the  duodenum  when  the  common  bile  duct  is  obstructed. 
A  vesico-duodenal  ft stula  is  established,  which  helps  to  draw  away  the 
bile  from  the  hyperdistended  gall-bladder  and  ducts,  and  to  relieve 
at  the  same  time  the  intense  jaundice  and  cholaemia  (biliary  tox&mid), 
which  are  usually  very  decided.  Should  it  be  impossible  to  connect  the 


THE  SPLEEN  459 

gall-bladder  with  the  duodenum,  an  anastomosis  might  be  effected  with 
the  jejunum  or  with  the  colon,  but  this  last  alternative  is  very  unde- 
sirable. 

Choledochotomy  has  for  its  object  the  removal  of  a  calculus  from 
the  common  bile  duct,  most  frequently  from  its  upper  or  supraduodenal 
segment.  The  latter  is  drawn  well  forwards,  together  with  the  other 
structures  contained  within  the  hepato-duodenal  ligament,  and  an  incision 
made  in  its  long  axis  over  the  calculus,  the  opening  subsequently  being 
closed  if  possible  by  sutures.  Leakage  of  bile,  however,  is  not  an  un- 
common sequela  of  this  operation,  and  it  is  well  to  anticipate  this  accident 
by  shutting  off  the  gall-bladder  region  from  the  general  peritoneal  cavity, 
or  by  making  a  puncture  in  the  loin  in  the  manner  already  described 
above  for  draining  the  hepato-renal  recess.  If  a  calculus  is  lodged  in 
the  lower  part  of  the  bile  duct  (ampulla  of  Vater),  its  removal  is  a  matter 
of  great  difficulty.  It  may  be  reached  by  making  an  incision  through 
the  pancreas,  or  by  opening  the  duodenum  and  cutting  down  upon  the 
calculus  from  within  (duodeno-choledochotomy).  Sometimes  a  calculus 
in  the  common  bile  duct  can  be  squeezed  on  into  the  duodenum  or 
crushed  in  situ  by  the  fingers  or  by  forceps,  the  blades  of  which  are 
protected  by  rubber  tubing  (cholelithotrity — Lawson  Taif). 

Attempts  at  sounding  the  biliary  passages  are  attended  with  much 
difficulty.  This  method  of  investigation  is  sometimes  carried  out  through 
an  opening  in  the  gall-bladder,  a  soft  flexible  sound  being  used,  and 
manipulated  with  extreme  gentleness  owing  to  the  risk  of  causing  a 
false  passage.  The  chief  obstacle  will  be  encountered  in  the  cystic 
duct,  where  the  passage  is  reduced  to  very  narrow  dimensions ;  besides 
it  has  a  sinuous  outline,  and  its  mucous  membrane  is  arranged  in  a 
series  of  valvular  folds.  Sounding  is  much  facilitated  by  pathological 
distension  of  the  cystic  duct. 

Attacks  of  very  acute  pain  accompany  the  passage  of  a  calculus 
along  the  common  bile  duct  (biliary  colic),  and  are  probably  excited  by 
spasmodic  contraction  of  the  walls  of  the  duct.  Pain  may  be  felt  also  in 
the  epigastrium  and  right  hypochondrium  or  in  the  lumbar  region,  as  the 
nerves  which  reach  the  gall-bladder  and  bile  ducts  from  the  cceliac  plexus 
are  connected  through  the  splanchnic  nerves  with  those  which  supply 
the  abdominal  parietes. 

THE   SPLEEN. 

The  Spleen  is  the  largest  of  the  ductless  glands.  It  is  a  solid  organ  of  soft  consistency,  it 
varies  a  good  deal  in  size  from  time  to  time,  and  its  shape  is  essentially  due  to  the  mutual  pressure 
of  the  parts  with  which  it  lies  in  contact.  It  is  deeply  concealed  beneath  the  diaphragm  and 
covered  by  the  stomach.  When  examined  in  bodies  in  which  the  viscera  have  been  hardened  in 
situ,  it  is  found  to  resemble  an  irregular  tetrahedron  in  shape  (Cunningham).  The  apex  is 
directed  upwards  and  inwards  to  within  a  short  distance  (one  inch)  of  the  spine,  the  base  is 
directed  downwards  and  outwards,  and  the  entire  organ  is  very  obliquely  placed.  It  may  be 
said  to  present  a  visceral  aspect  looking  downwards,  forwards,  and  inwards,  and  a  parietal  or 
diaphragmatic  surface  looking  in  the  opposite  direction.  The  visceral  aspect  presents  near  its 
lower  part  a  prominent  angle  or  rounded  prominence  (internal  basal  angle),  from  which  three 
rounded  borders  diverge,  mapping  off  three  well  denned  areas,  viz. — an  anterior  or  gastric,  a 
posterior  or  renal,  and  an  inferior  or  basal.  The  gastric  area,  which  is  the  largest,  is  concave,  and 
is  moulded  against  the  lower  aspect  of  the  stomach  (fig.  129).  This  area  also  is  limited  in  front 
by  the  anterior  border  of  the  spleen,  which  presents,  as  a  rule,  one  or  more  notches  near  its  lower 
part,  and  terminates  below  in  the  prominent  anterior  basal  angle.  Near  the  posterior  aspect  ot 
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this  surface  is  seen  the  hilum  of  the  spleen,  which  appears  as  an  irregular  longitudinal  slit,  or  as  a 
series  of  apertures  marking  the  points  of  entrance  of  the  splenic  vessels.  The  tail  of  the  pancreas 
is  usually  found  in  contact  with  this  surface  near  its  lower  part  and  in  front  of  the  internal  basal 
angle.  The  renal  surface  is  applied  against  the  antero-external  aspect  of  the  left  kidney  in  its 
upper  half,  and  comes  into  contact  also  with  the  left  suprarenal  capsule.  The  basal  area,  which 
is  the  smallest,  is  related  to  the  splenic  flexure  of  the  colon  and  to  the  phrenico-colic  ligament. 
The  parietal  surface  of  the  spleen  is  convex,  and  is  accurately  moulded  to  the  diaphragm.  It 
is  related  indirectly  in  its  entire  extent  to  the  pleural  recess  and  to  the  thin  lower  edge  of  the  left 
lung  also,  above  the  horizontal  level  of  the  eleventh  dorsal  spine.  The  spleen  is  opposite  the 
ninth,  tenth,  and  eleventh  ribs,  and  its  long  axis  corresponds  closely  to  that  of  the  tenth.  Small 
detached  rounded  masses,  resembling  in  structure  the  normal  spleen,  are  sometimes  found  in  its 
vicinity,  between  the  layers  of  the  gastro-splenic  omentum ;  they  are  called  accessory  spleens 
(lienculi). 

Peritoneal  connections. — The  layers  of  the  gastro-splenic  omentum  on  reaching  the  hilum 
of  the  spleen  separate.  The  posterior  layer  turns  suddenly  backwards,  and  meeting  the  anterior 
surface  of  the  left  kidney  it  is  reflected  to  the  right  over  the  posterior  abdominal  wall,  becoming 
continuous  with  the  peritoneum  covering  the  posterior  wall  of  the  lesser  peritoneal  sac.  The 
anterior  layer,  leaving  the  hilum  in  front,  proceeds  to  envelop  the  organ,  and  having  gained 
the  hilum  on  its  posterior  aspect,  is  reflected  back  to  the  front  aspect  of  the  left  kidney  and 
then  outwards  to  the  diaphragm.  In  conjunction  with  the  previous  layer  it  forms  a  short  fold 
— the  lieno-renal  ligament — which  passes  between  the  hilum  of  the  spleen  and  the  front  of  the 
left  kidney,  and  contains  between  its  two  layers  the  splenic  vessels.  The  lower  extremity  of  the 
spleen  lies  upon  a  peritoneal  fold  which  connects  the  splenic  flexure  of  the  colon  with  the 
•diaphragm  {phrenico-colic  ligament'). 

Blood-Vessels. — The  Splenic  Artery  is  the  largest  of  the  three  branches  of  the  cceliac  axis. 
From  its  origin  it  is  directed  outwards  along  the  upper  border  of  the  pancreas  to  the  spleen, 
describing  a  very  tortuous  or  wavy  course  (fig.  129).  Its  terminal  branches,  five  to  eight  in 
number,  lie  between  the  two  layers  of  the  lieno-renal  ligament  and  enter  the  hilum  of  the  spleen. 
Within  the  organ  they  run  a  radiating  course  towards  the  surface.  Each  forms  what  is  called 
a  terminal  artery,  and  its  branches  collectively  form  a  conical  figure,  the  base  of  which  is  directed 
to  the  capsule,  the  apex  towards  the  hilum.  These  branches  do  not  anastomose  with  each  other 
nor  with  those  of  neighbouring  arteries ;  they  will  be  alluded  to  again  in  connection  with 
embolism. 

The  Splenic  Vein  commences  in  several  large  branches  which  leave  the  spleen  at  the  hilum. 
It  lies  at  a  lower  level  than  the  artery,  and  pursues  a  much  straighter  course ;  it  runs  behind 
the  pancreas  from  left  to  right  to  join  the  superior  mesenteric  vein,  the  resulting  trunk  being  the 
portal  vein.  The  junction  is  effected  behind  the  head  of  the  pancreas  and  in  front  of  the  inferior 
vena  cava. 

The  Spleen  is  well  protected  from  injury  by  reason  of  its  deeply 
concealed  position  within  the  abdominal  cavity  and  the  close  manner  in 
which  it  is  surrounded  by  neighbouring  organs.  Nevertheless  it  is 
sometimes  involved  by  penetrating  wounds  or  severe  contusions,  and  the 
latter  may  leave  no  external  trace  to  indicate  their  severity,  owing  to  the 
elasticity  of  the  lower  ribs  and  of  the  abdominal  parietes.  Wounds  of 
the  spleen  are  attended  by  very  serious  consequences  on  account  of  the 
profuse  haemorrhage  which  takes  place,  and  also  by  reason  of  the  fact 
that  they  are  frequently  complicated  by  wounds  of  the  pleura,  lung, 
diaphragm,  stomach,  colon,  or  kidney.  As  regards  the  effects  of  con- 
tusions, much  will  depend  upon  whether  the  spleen  is  enlarged  or  not. 
If  enlarged,  the  probability  of  its  being  severely  injured  is  greatly  in- 
creased. The  lower  ribs  (ninth,  tenth,  and  eleventh)  may,  if  broken  by 
the  contusing  force,  have  their  sharp  ends  driven  inwards  through  the 
diaphragm  into  the  substance  of  the  spleen.  The  organ  has  been  found 
partially  or  completely  herniated  through  extensive  wounds  in  the 
abdominal  or  thoracic  parietes. 

The  normal  position  of  the  spleen  beneath  the  diaphragm  has  been 
described.  The  projection  of  the  organ  on  the  surface  will  be  indicated 
by  an  area,  oval  in  outline,  and  confined  entirely  to  the  thoracic  region  of 
the  trunk.  It  may  be  determined  with  sufficient  accuracy  for  all  practical 
purposes  as  follows.  Two  lines  are  drawn  outwards  horizontally  from 
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the  spine,  one  at  the  level  of  the  ninth  dorsal  spine  for  a  distance  of  one 
and  a  half  inches,  another  from  the  first  lumbar  spine  to  meet  the  tenth 
rib.  An  oblique  line,  connecting  the  two  points  thus  determined,  will 
indicate  the  direction  of  the  long  axis  of  the  spleen.  The  outline  of  the 
organ  may  be  defined  by  drawing  an  oval-shaped  figure,  its  long  axis  cor- 
responding to  this  line  and  its  transverse  axis  measuring  about  three  inches. 
Its  posterior  margin  closely  follows  the  lower  border  of  the  eleventh  rib. 

A  normal  spleen,  as  will  be  readily  understood,  cannot  be  palpated 
owing  to  its  concealed  position,  but  when  enlarged  it  comes  forwards 
and  may  lie  close  beneath  the  costal  arch,  its  most  anterior  part  being 
the  anterior  basal  angle  (fig.  122).  When  the  enlargement  is  more 
decided,  so  that  the  organ  emerges  from  beneath  the  ribs,  it  is  sometimes 
possible,  especially  if  the  abdominal  wall  is  thin,  to  make  out  by  palpa- 
tion one  or  more  notches  along  its  anterior  margin.  These  possess  a 
certain  amount  of  diagnostic  value  in  differentiating  an  enlarged  spleen 
from  other  intra-abdominal  tumours.  It  is  very  difficult,  if  not  impossible, 
to  define  the  limits  of  the  spleen  by  percussion,  owing  to  the  fact  that 
the  lower  border  of  the  left  lung  intervenes  between  its  upper  half  and 
the  chest,  and  that  by  its  inner  aspect  it  is  applied  against  the  stomach. 

Enlargements  of  the  Spleen. — A  moderate  degree  of  splenic  en- 
largement of  temporary  duration  is  a  normal  physiological  event.  It 
takes  place  during  digestion,  and  is  caused  by  an  active  hyperaemia 
of  the  organ.  The  spleen  also  undergoes  rhythmical  movements  of 
expansion  and  contraction,  in  which  its  smooth  muscular  tissue  plays 
an  important  part ;  if  subjected  to  electrical  stimulation,  it  shrinks  to  a 
very  marked  degree. 

Pathological  enlargement  is  very  common.  It  is  invariably  associated 
with  the  acute  specific  fevers,  and  in  enteric  fever  especially,  the  enlarged 
condition  of  the  organ  can  often  be  determined  on  palpation  by  the 
practised  hand.  A  chronic  form  of  enlargement  occurs  in  malaria,  the 
so-called  ague-cake.  The  spleen  is  enlarged,  too,  in  leucocythaemia  and 
Hodgkin's  disease  (malignant  lymphadenoma].  Passive  hyperaemia  also, 
such  as  occurs  with  heart  disease  and  cirrhosis  of  the  liver,  in  which  the 
portal  circulation  is  obstructed,  is  another  cause  of  splenic  enlargement. 
Excessive  enlargements  are  capable  of  exercising  an  injurious  amount 
of  compression  upon  the  diaphragm  and  lung,  or  upon  the  stomach  and 
colon  ;  they  may  even  cause  a  noticeable  enlargement  of  the  left  side  of 
the  abdomen,  and  can  generally  be  made  out  by  percussion  and  pal- 
pation. 

Splenic  Ectopia —  Wandering  Spleen. — The  spleen  is  maintained  in 
position  mainly  by  its  peritoneal  connections.  By  its  lower  or  basal 
surface  it  rests  upon  the  colon  and  upon  the  upper  aspect  of  the  phrenico- 
colic  ligament,  which  acts  as  a  sort  of  supporting  shelf;  by  its  inner  or 
visceral  aspect  it  is  connected  with  the  kidney  by  the  lieno-renal  ligament, 
and  with  the  stomach  by  the  gastro-splenic  omentum.  In  addition  to 
the  support  which  it  receives  from  the  peritoneum,  it  is  kept  in  place  by 
the  mutual  pressure  of  the  surrounding  viscera,  especially  the  left  kidney, 
the  splenic  flexure  of  the  colon,  and  the  stomach. 

Abnormal  mobility  of  the  spleen  may  be  met  with  as  a  congenital 
defect,  but  far  more  frequently  it  is  acquired.  Its  occurrence  is  facilitated 
by  enlargement  of  the  organ,  when  its  weight  is  also  increased.  It  is 
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noted  much  more  frequently  in  females  than  in  males,  and  is  associated 
very  often  with  a  general  ptosis  of  the  viscera  (Glenard's  Disease).  The 
supporting  ligaments  are  stretched  and  elongate  to  a  remarkable  extent, 
so  that  the  spleen  enjoys  a  wide  range  of  mobility.  The  splenic  vessels 
in  these  cases  are  not  infrequently  much  enlarged.  The  displaced  spleen 
may  occupy  a  very  low  level,  reaching  down  to  the  left  iliac  fossa,  or 
even  into  the  true  pelvis,  where  its  presence  has  been  mistaken  for  a 
uterine  fibroid  or  an  ovarian  cyst.  When  the  pedicle  is  long  it  is  liable 
to  twist,  and  as  this  takes  place  the  volume  of  the  spleen  increases 
greatly  from  venous  congestion  and  oedema.  When  the  peritoneal 
covering  of  the  displaced  spleen  is  inflamed  (perisplenitis),  it  is  very  apt 
to  contract  adhesions  to  parts  remote  from  its  normal  site  (bladder, 
uterus,  small  intestine).  The  mechanical  support  afforded  by  an  elastic 
abdominal  belt  is  in  many  cases  the  only  treatment  required,  but 
sometimes  operative  treatment  is  necessary.  The  displaced  spleen  is 
restored  to  its  place  as  far  as  is  possible  and  fixed  there  by  sutures— 
Splenopexy — (Rydygier).  If  this  is  not  practicable,  and  if  the  organ  has 
undergone  very  evident  structural  changes,  rendering  it  likely  that  its 
normal  functions  are  largely  abolished,  it  may  be  removed  (Splenectomy). 

The  Circulation  in  the  Spleen.  —  The  spleen  receives  a  very 
abundant  supply  of  blood,  the  splenic  artery  being  a  vessel  of  con- 
siderable size,  and  capable  of  dilating  very  considerably  under  the 
influence  of  vasomotor  nerves.  It  has  been  noted  that  the  volume  of 
the  spleen  varies  within  wide  physiological  limits,  according  as  it  con- 
tains a  large  or  small  supply  of  blood  ;  it  also  presents  patJiological 
variations,  dependent  upon  active  or  passive  hyperaemia.  The  greater 
part  of  the  blood  within  the  spleen  is  found  within  the  pulp,  which  may  be 
compared  to  a  sponge  into  which  the  blood  from  the  arterioles  is  extra- 
vasated,  and  from  which  it  is  taken  up  again  and  carried  away  by  the 
venous  radicles  which  originate  here.  The  ultimate  branches  of  the  splenic 
artery  are  what  are  known  as  terminal  or  end  arteries.  When  one  of 
these  is  obstructed  by  an  embolus,  no  blood  will  pass  directly  into  the 
area  which  it  supplies ;  this  latter  has  usually  a  wedge-shaped  outline, 
the  base  of  the  wedge  being  directed  towards  the  periphery  of  the  spleen. 
The  central  part  of  this  area  appears  of  a  yellowish  colour,  but  its 
outlying  parts — sometimes  the  entire  mass — may  be  deeply  stained  from 
blood  which  has  regurgitated  into  it  from  the  surrounding  zone  in 
which  the  blood  is  circulating.  This  is  called  an  infarction,  and  is  very 
common  in  individuals  suffering  from  heart  disease,  in  whom  particles  of 
fibrin  (emboli)  having  become  detached  from  the  valves  of  the  left  side 
of  the  heart,  are  carried  into  the  aorta  and  systemic  vessels. 

Abscess  in  the  Spleen  is  usually  of  pyaemic  origin,  infection 
being  conveyed  to  it  by  emboli.  As  these  lodge  in  the  smaller  vessels 
near  the  surface,  the  resulting  abscesses  will  probably  be  multiple 
and  situated  in  the  peripheral  or  cortical  zone  of  the  organ.  Solitary 
abscess  in  the  spleen  is  rare,  and  is  usually  the  result  of  an  injury.  It 
may  reach  a  considerable  size  and  discharge  its  contents  into  the 
peritoneal  cavity  or,  should  adhesions  have  formed,  into  the  pleural 
cavity,  the  bronchi,  the  stomach  or  colon  ;  it  may  even  point  externally. 
For  these  reasons  it  requires  early  incision  and  drainage  (splenotomy)  as 
soon  as  its  presence  is  ascertained. 
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Splenectomy. — This  operation  is  sometimes  required  in  cases  of 
extensive  injury,  such  as  a  penetrating  wound  or  laceration  of  the 
substance  of  the  spleen.  The  haemorrhage  which  occurs  in  such  cases  is 
usually  very  profuse,  and  may  prove  fatal  before  operation  can  be 
attempted.  It  is  also  performed  occasionally  for  wandering  spleen  and 
for  certain  forms  of  enlargement.  A  wandering  spleen  will  be  found  to 
have  a  pedicle  consisting  of  the  greatly  stretched  and  elongated  peri- 
toneum (the  gastro-splenic  omentum  and  the  lieno-renal  ligament), 
together  with  the  splenic  vessels,  and  not  infrequently  the  tail  of  the 
pancreas.  The  abdomen  may  be  opened  in  the  middle  line,  in  the  left 
semilunar  line,  or  by  a  free  oblique  incision  beneath  the  left  costal  arch. 
The  spleen  is  exposed  and  drawn  forwards,  its  pedicle  is  tied  in  sections, 
every  precaution  being  taken  to  avoid  slipping  of  the  ligatures,  as 
haemorrhage  is  the  chief  danger  of  the  operation.  The  removal  of  a 
displaced  spleen  is  greatly  facilitated  by  the  presence  of  a  pedicle,  and 
it  is  altogether  a  different  procedure  from  the  removal  of  a  spleen 
normally  situated.  In  the  latter  case,  the  parts  divided  are  first  of  all 
the  gastro-splenic  omentum,  between  the  layers  of  which  run  the  vasa 
brevia  ;  the  splenic  vessels,  however,  lie  between  the  two  layers  of  the  lieno- 
renal  ligament,  and  will  be  divided  with  it. 

Should  difficulty  be  encountered  in  gaining  access  to  the  splenic 
vessels  close  to  the  hilum  of  the  organ  owing  to  the  great  increase  in  its 
size,  they  may  be  secured  by  dividing  the  gastro-colic  or  great  omentum 
and  turning  up  the  stomach.  The  vessels  are  situated  behind  the  peri- 
toneum which  bounds  the  lesser  sac  posteriorly,  and  their  close  relation- 
ship to  the  upper  border  of  the  pancreas  renders  their  identification  a 
matter  of  no  great  difficulty  (fig.  129). 


THE   PANCREAS. 

The  Pancreas  resembles  very  closely  in  its  outward  appearance  one  of  the  larger  salivary 
glands.  It  is  an  elongated  and  irregularly  shaped  organ  of  soft  consistency,  situated  in  front  of 
the  spine,  opposite  the  first  and  second  lumbar  vertebrae,  and  it  lies  very  nearly  in  the  horizontal 
plane.  For  descriptive  purposes  it  has  been  subdivided  into  different  parts,  to  which  separate 
names  have  been  given.  The  large  extremity  directed  to  the  right,  which  is  closely  sur- 
rounded by  the  duodenum,  is  the  head ;  it  is  connected  by  a  somewhat  constricted  portion  called 
the  neck  with  the  central  segment  or  body  of  the  gland.  As  this  latter  is  followed  to  the  left  it 
tapers  gradually  and  terminates  by  a  pointed  extremity  which  is  known  as  the  tail  of  the  pancreas. 
It  will  be  seen  from  the  following  account  that  the  pancreas  presents  important  relationships 
to  viscera,  blood-vessels,  nerves,  and  to  the  peritoneum. 

The  Head  or  right  extremity  of  the  pancreas  is  closely  embraced  by  the  duodenum  from 
the  commencement  of  its  second  stage  to  the  duodeno-jejunal  flexure.  It  bends  downwards  for 
some  distance  below  the  general  level  of  the  gland,  and  a  prolongation  of  it,  called  the  uncinate 
process,  is  folded  around  the  superior  mesenteric  vessels.  Sometimes  this  process  is  detached 
from  the  general  mass  of  the  gland,  and  is  known  as  the  lesser  pancreas.  In  front,  the  head  is 
related  to  the  colon  and  its  mesentery  and  to  the  stomach.  The  superior  pancreatico-duodenal 
artery  runs  down  over  it,  lying  in  a  groove  in  its  substance.  Posteriorly,  the  head  is  related 
to  the  inferior  vena  cava,  the  left  renal  vein,  and  the  aorta.  The  common  bile  duct  near  its 
termination  lies  in  a  groove  in  the  gland. 

The  Neck  of  the  pancreas  is  a  comparatively  short  and  narrow  portion,  which  is  directed 
upwards  and  to  the  left  to  join  the  body.  It  is  related  on  its  right  side  to  the  commencement 
of  the  second  stage  of  the  duodenum  and  the  gastro-duodenal  artery,  and  on  its  left  to  the 
duodeno-jejunal  flexure.  At  the  upper  border  of  the  neck  the  common  bile  duct,  the  portal 
vein,  and  the  hepatic  artery  enter  the  gastro-hepatic  omentum  (fig.  129). 

The  Body  of  the  pancreas  forms  a  well  marked  anterior  convexity  where  it  lies  in  front  of 
the  vertebral  column  ;  the  part  which  succeeds  this  on  the  left,  however,  sinks  backwards  to  some 
extent  into  the  hollow  at  the  left  of  the  spine,  and  consequently  presents  a  slight  concavity 
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Inferior  Vena  Cava. 
Hepatic  Artery.      •, 

Portal  Vein.      \ 
Common  Bile  Duct.     \    \ 


Gastric  Surface  of  the  Spleen. 
Gastric  Surface  of  Left  Kidney. 
Suprarenal  Capsule. 


Splenic  Flexure  of  the 
Colon. 


Trigonum  Femorale. 
Plica  Transversa  Vesicae. 
Obliterated  Hypogastric  Artery. 
Spermatic  Vessels. 

FIG.  129. — Dissection  of  the  parts  in  relation  to  the  posterior  wall  of  the  abdomen — from  a 
young  subject ;  formalin  preparation. — Taken  in  conjunction  with  certain  of  the  pre- 
ceding ones,  this  figure  serves  to  demonstrate  very  clearly  the  more  important  relation- 
ships of  the  duodenum,  pancreas,  spleen,  kidneys,  and  the  abdominal  stages  of  the  ureters. 
The  shape  of  the  right  kidney,  as  seen  in  specimens  hardened  in  situ  by  formalin,  is  very 
characteristic,  and  its  hepatic,  colic,  and  duodenal  areas  of  contact  are  sharply  defined. 
The  left  kidney,  too,  is  seen  to  advantage.  The  reader  will  note  its  supra-  and  infra- 
mesocolic  segments  which  are  situated  respectively  above  and  below  the  pancreas.  The  first 
of  these  has  been  already  seen  in  fig.  123  and  the  second  in  fig.  125,  with  both  of  which  this 
figure  should  be  compared.  The  relationships  of  the  spleen  as  it  lies  in  situ  will  be  readily 
understood  from  the  view  here  represented  (see  text).  The  pancreas  is  seen  in  its  entire 
extent,  with  its  various  subdivisions,  viz.,  head,  neck,  body,  and  tail.  The  duodenum,  with 
the  exception  of  a  small  portion  of  its  first  stage,  has  been  exposed.  The  reader  is  recom- 
mended to  study  the  descriptions  of  the  viscera,  here  represented,  in  the  text. 
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when  viewed  from  the  front.  The  shape  of  the  body  is  prismatic,  the  apex  of  the  prism 
looking  forwards,  the  base  backwards,  and  the  sides  almost  directly  upwards  and  downwards. 
At  the  right  extremity  of  the  body  an  upward  projection  is  sometimes  seen  which  comes  into 
relation  with  the  lesser  omentum  behind  the  lesser  curvature  of  the  stomach  and  is  called  the  tuber 
omentale.  The  anterior  sharp  margin  gives  attachment  to  the  transverse  mesocolon  (fig.  125). 
The  upper  surface  of  the  body  of  the  gland  is  smooth  and  slightly  concave,  it  is  covered  by  the 
peritoneum  of  the  lesser  sac,  and  supports  the  stomach.  Its  lower  surface  (fig.  129)  is  related 
to  the  duodeno-jejunal  flexure,  and  to  the  coils  of  small  intestine  which  occupy  the  recess  at  the 
left  of  the  spine  and  in  front  of  the  inner  part  of  the  left  kidney.  On  its  posterior  aspect  the 
body  of  the  pancreas  is  related  to  the  aorta  and  superior  mesenteric  artery,  the  left  kidney  and 
suprarenal  capsule,  and  the  left  renal  vessels,  the  crura  of  the  diaphragm,  and  the  splenic  vein. 
The  coeliac  axis  artery,  together  with  its  hepatic  and  splenic  branches,  the  semilunar  ganglia  and 
the  great  cceliac  plexus  of  the  sympathetic,  are  related  to  its  upper  border. 

The  Tail  of  the  pancreas  rests  in  contact  with  the  spleen.  The  splenic  vessels  skirt  its 
upper  border  ;  it  is  related  below  with  the  splenic  flexure  of  the  colon,  and  it  is  covered  by  the 
stomach. 

The  main  Pancreatic  Duct,  or  the  Canal  of  Wirsung,  commences  in  the  tail  of  the  gland, 
and  as  it  runs  from  left  to  right  it  increases  in  size  and  receives  branches  from  all  sides.  When 
it  reaches  the  head  it  turns  backwards  and  to  the  right  so  as  to  gain  its  deep  aspect  where  it  is 
joined  by  the  bile  duct,  and  the  common  stem  formed  by  the  coalescence  of  these  two  pierces 
the  wall  of  the  duodenum  very  obliquely  near  the  termination  of  its  second  stage,  viz. ,  from  three 
and  a  half  to  four  inches  from  the  pylorus.  A  separate  or  accessory  pancreatic  duct  is  usually  found 
in  the  upper  part  of  the  gland,  opening  by  one  extremity  into  the  main  pancreatic  duct,  and 
by  the  other  into  the  duodenum  higher  up  than  the  common  duct.  The  ducts  of  the  lower 
portion  of  the  gland  or  uncinate  process  are  usually  connected  with  an  offshoot  of  this  accessory 
pancreatic  duct. 

Very  great  interest  attaches  to  the  pancreas  from  the  physiological 
standpoint  since  its  functions  have  come  to  be  better  understood.  Not 
only  does  it  furnish  a  secretion  which,  in  association  with  the  bile,  plays 
the  chief  role  in  the  digestive  changes  effected  upon  food-stuffs — pro- 
teids,  fats  and  carbohydrates — in  the  alimentary  canal,  but  it  is  known 
to  furnish  in  addition  an  internal  secretion^  which  in  some  way  influences 
the  metabolism  of  carbohydrates.  If  the  pancreas  be  removed  experi- 
mentally, or  if  it  be  rendered  functionless  by  disease,  sugar  appears 
in  the  urine  {pancreatic  diabetes],  and  rapid  emaciation  ensues  in  con- 
sequence of  a  large  amount  of  the  food,  especially  fats,  which  remain 
undigested  and  are  carried  away  in  the  faeces. 

Modes  of  access. — If  it  is  desired  to  approach  the  pancreas  for  the 
purpose  of  examining  its  condition  in  a  case  of  doubtful  nature,  or  for 
applying  to  it  some  recognised  surgical  procedure,  certain  routes  are 
available,  (i)  Through  the  gastro-hepatic  or  lesser  omentum.  The 
liver  being  raised,  the  stomach  is  drawn  down  as  far  as  possible,  an 
opening  is  made  in  the  omentum  and  the  lesser  peritoneal  sac  opened. 
The  pancreas  will  then  be  exposed  by  dividing  the  single  layer  of 
peritoneum  which  is  continued  backwards  and  upwards  over  it  from 
the  upper  layer  of  the  transverse  mesocolon.  Owing  to  the  confined 
limits  of  the  space,  very  little  room  is  afforded  by  this  route.  (2)  The 
transverse  colon  and  its  mesentery  are  turned  upwards  and  the  small 
intestines  are  displaced  downwards.  If  the  mesocolon  be  followed  back 
to  its  parietal  attachment  it  will  lead  to  the  pancreas  (fig.  125).  This 
route  also  affords  but  limited  access,  and  like  the  first  it  will  only 
expose  satisfactorily  the  middle  portion  of  the  gland.  (3)  An  incision 
is  made  between  the  stomach  and  transverse  colon,  parallel  to  and  a 
couple  of  inches  from  the  greater  curvature  of  the  former,  through  the 
gastro-colic  or  great  omentum,  some  descending  branches  of  the  epiploic 
arteries  being  divided  at  the  same  time.  The  edges  of  the  incision  are 
drawn  apart,  and  the  stomach  is  pulled  upwards,  the  lesser  sac  is  thus 
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widely  opened,  and  the  pancreas  is  exposed  in  its  entire  extent.  The 
gland  is  easily  recognised,  as  its  lobulated  appearance  is  quite  distinct 
through  its  thin  peritoneal  covering.  Much  the  best  access  is  obtained 
by  this  route.  In  addition  to  the  pancreas,  this  is  also  the  most  direct 
route  to  the  inferior  aspect  of  the  stomach,  to  the  upper  or  supramesocolic 
area  of  the  left  kidney,  and  to  the  splenic  vessels. 

Operative  Surgery  of  the  Pancreas. — A  cursory  review  of  the 
position  of  the  pancreas  and  its  surroundings  will  convey  some  idea 
of  the  difficulties  and  dangers  which  attend  surgical  procedures  directed 
towards  this  organ.  In  the  first  place  the  gland  is  deeply  hidden,  being 
moulded  against  the  spine,  and  secondly,  it  is  closely  related  to  the  aorta, 
the  inferior  vena  cava,  the  portal  vein,  and  several  other  vessels  of  large 
size  already  enumerated.  The  common  bile  duct  is  applied  directly  to 
the  posterior  aspect  of  the  head  of  the  pancreas,  and  the  latter  too  is 
closely  embraced  by  the  duodenum.  The  only  part  of  the  gland  which  is 
capable  of  being  removed  is  that  which  lies  to  the  left  of  the  spine,  viz.,  the 
tail.  Removal  of  the  head  of  the  pancreas,  too,  would  mean  of  necessity 
the  removal  of  its  main  duct,  and  cannot  therefore  be  regarded  as 
justifiable.  When  cancer  affects  this  part  it  is  not  slow  in  exceeding 
the  limits  of  the  gland  and  invading  the  structures  in  its  immediate 
vicinity.  Partial  excision  of  the  head  of  the  pancreas  has  been  per- 
formed successfully. 

Pancreatic  Cysts  sometimes  reach  a  considerable  size.  The  more 
common  of  these  appear  to  originate  in  obstruction  of  the  main  duct  by 
a  calculus  or  by  pressure  on  it  from  outside,  by  a  gall-stone,  for  instance, 
in  the  lower  end  of  the  common  bile  duct.  The  cyst  originates  usually 
in  the  tail,  and  as  it  increases  in  size,  it  encroaches  upon  the  lesser  sac 
and  approaches  the  anterior  abdominal  wall.  It  may  push  the  gastro- 
hepatic  omentum  before  it  and  project  between  the  liver  and  stomach, 
but  in  the  majority  of  cases  it  comes  forwards  between  the  greater 
curvature  of  the  stomach  and  the  transverse  colon,  pushing  before  it 
the  gastro-colic  or  great  omentum.  In  other  cases  it  enlarges  between 
the  layers  of  the  transverse  mesocolon,  until  eventually  the  bowel  appears 
stretched  over  the  cyst  wall.  These  cysts  are  usually  exposed  by  a 
median  incision  above  the  umbilicus,  an  opening  is  made  into  them,  their 
contents  are  allowed  to  escape,  and  the  margins  of  the  cyst  opening 
are  fixed  to  the  deeper  layers  of  the  abdominal  wall  (inarsupialisatiori), 
the  object  being  to  secure  free  drainage. 

Carcinoma  is  the  most  common  form  of  tumour  met  with  in  the 
pancreas.  It  commences  usually  in  the  head,  and  as  it  grows  it  forms  a 
tumour  which  can  be  felt  through  the  abdominal  parietes  in  the  epi- 
gastrium. It  is  liable  to  exercise  an  injurious  amount  of  pressure  upon 
surrounding  parts,  especially  the  portal  vein,  causing  ascites,  upon  the 
common  bile  duct  causing  intense  jaundice,  distension  of  the  gall-bladder, 
cholaemia  and  rapid  emaciation,  and  upon  the  stomach  causing  pyloric 
obstruction.  Glycosuria  is  sometimes  noted  in  cases  where  the  gland 
function,  in  consequence  of  the  extensive  nature  of  the  disease,  has  been 
destroyed.  The  removal  of  the  growth  by  operation  cannot  be  con- 
sidered feasible ;  if  it  were  situated  in  the  tail  of  the  gland,  however, 
it  might  be  justifiable. 

Pancreatitis  has  of  late  years  received  considerable  attention  from 
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surgeons   and    pathologists,  and    is   usually  the   result  of  an   infective 
process  originating  in  the  intestine  in  cases  of  gastro-duodenal  catarrh 
or  in  the  biliary  passages  in  cases  of  cholelithiasis.    A  gall-stone  retained 
within  the  ampulla  of  Vater  is  a  very  likely  source  of  pancreatic  trouble. 
In  the  more  acute  cases  of  pancreatitis  the  termination  is  almost  in- 
variably fatal  from  peritonitis,  but  in  the  subacute  and  chronic  cases  a 
more  hopeful  result  may  be  expected  under  suitable  surgical  treatment. 
When  suppuration  succeeds  pancreatitis,  the  abscess  forms  behind  the 
stomach  in  the  supra-umbilical  zone  of  the  abdomen,  and  is  liable  to 
extend  in  various  directions  unless  its  contents  are  speedily  evacuated, 
(i)  The  pus  may  collect  within  the  upper  part  of  the  lesser  peritoneal 
sac  and  push  forwards  the  gastro-hepatic  omentum  beneath  the  liver, 
as  in  a  case  under  the  author's  care.     (2)  It  may  travel  forwards  below 
the  stomach  and  reach  the  anterior  abdominal  wall  between  this  viscus 
and  the  transverse  colon.     (3)  It  may  burst  into  the  stomach,  and  be 
vomited,  or  into  the  duodenum.     (4)  It  may  gravitate  beneath  the  peri- 
toneum to  the  right  or  left  lumbar  region  and  collect  around  the  kidney. 
In  the  surgical  treatment  of  acute  or  subacute  pancreatitis  in  which 
suppuration    has  occurred,  good  drainage  is  necessary.      This  may  be 
effected  in  the  following  way :    the  abdomen  having  been  opened  by 
a   median  incision   above  the  umbilicus,  the  gastro-colic   omentum   is 
divided,  the  stomach  is  raised,  and  the  site  of  disease  explored.    Through 
the  opening  in  the  omentum  a  gauze  drain  or  a  large  drainage-tube 
may  be  inserted.     Should  the  abscess  have  extended  upwards  beneath 
the  liver,  drainage  is  best  carried  out  by  an  opening  in  the  right  loin 
(hepato-renal  recess),  as  discharges  escaping  through  the  gastro-hepatic 
omentum   or   through   the   foramen   of  Winslow   have   a  tendency   to 
travel  in  this  direction.     Another   site   recommended    for   drainage   in 
suppurative  cases  is  the  left  loin.     An  incision  is  made  in  front  of  the 
erector  spinae  below  the  last  rib,  and  the  deep  peritoneal  pouch  in  relation 
to  lower  part  of  the  left  kidney  is  opened.     By  a  similar  incision  the 
left   extremity  of  the  pancreas  may  be   reached   subperitoneally  (see 
fig.  125). 

THE  DUODENUM. 

The  Duodenum  or  first  portion  of  the  small  intestine  commences  opposite  the  right  side  of 
the  spine  at  the  level  of  the  first  lumbar  vertebra.  Its  commencement  is  indicated  internally  by 
the  pyloric  valve,  externally  by  the  duodeno-pyloric  sulcus.  At  its  termination  upon  the  left 
side  of  the  spine,  opposite  the  second  lumbar  vertebra,  it  passes  into  the  jejunum  with  a  sharp 
bend  which  is  directed  forwards,  viz. ,  the  duodeno-jejunal  flexure.  The  length  of  the  duodenum 
varies  from  ten  to  twelve  inches,  it  is  deeply  placed  within  the  abdomen,  and  with  the  exception 
of  its  first  stage  which  has  a  limited  range  of  mobility,  it  is  fixed  throughout  to  the  posterior 
abdominal  wall.  Its  lumen  is  more  capacious  than  that  of  the  jejunum  and  it  has  been  arbitrarily 
divided  into  four  stages. 

The  First  Stage,  from  one  and  a  half  to  two  inches  in  length,  is  directed  upwards, 
backwards,  and  to  the  right,  beneath  the  liver,  and  ends  at  the  neck  of  the  gall-bladder,  its 
junction  with  the  second  stage  being  indicated  by  a  bend  {superior  duodenal  flexure)  (fig.  126). 
Its  relations  are  ;  above,  the  quadrate  lobe  of  the  liver  and  the  gall-bladder  ;  below,  the  neck  of 
the  pancreas,  the  bowel  lying  at  this  point  in  a  distinct  groove  to  the  right  of  the  tuber  omentale 
(fig.  129).  Behind  it  is  related  to  the  portal  vein,  the  gastro-duodenal  artery,  the  common  bile 
duct  and  the  upper  margin  of  the  pancreas.  The  length  and  direction  of  this  stage  vary  accord- 
ing as  the  stomach  is  empty  or  distended.  With  the  latter  condition  the  pylorus  advances  more 
to  the  right,  the  first  stage  of  the  duodenum  moves  simultaneously  in  the  same  direction,  while 
its  termination  remains  stationary  ;  its  direction  now  is  approximately  antero-posterior. 

The  Second  or  Descending  Stage,  from  three  to  four  inches  in  length,  extends  in  a 
downward  direction  from  the  superior  duodenal  flexure  to  the  level  of  the  lower  extremity  of 
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the  right  kidney,  at  which  point  it  passes  by  another  rounded  bend,  the  inferior  duodenal 
flexure,  into  the  third  stage.  Its  relations  are ;  in  front,  the  commencement  of  the  transverse 
colon  and  its  mesentery  —  the  colon  here  is  sometimes  deficient  in  a  mesentery,  and  lies  in 
contact  with  the  duodenum,  some  loose  tissue  intervening — and  below  this  some  coils  of  the 
small  intestine.  At  its  commencement  it  lies  in  contact  with  a  small  depressed  area  on 
the  under  surface  of  the  right  lobe  of  the  liver  in  front  of  the  renal  impression  (duodenal 
impression).  Behind,  the  second  stage  of  the  duodenum  is  related  to  the  inner  aspect  of  the  right 
kidney,  the  right  renal  vessels,  and  the  right  border  of  the  inferior  vena  cava  ;  on  its  left  side  it 
is  closely  related  to  the  head  of  the  pancreas  (fig.  129)  and  the  common  bile  duct  for  a  short 
distance  before  its  termination.  This  stage  of  the  duodenum  presents  at  its  centre  an  angular 
bend  backwards  at  the  right  side  of  the  spine  which  is  caused  no  doubt  by  the  colon  as  it  crosses 
the  duodenum  at  this  level.  The  common  opening  of  the  bile  and  pancreatic  ducts  is  found 
upon  the  summit  of  a  papilla  near  the  termination  of  this  stage,  upon  its  inner  and  posterior  aspect. 

The  Third  or  Horizontal  Stage,  from  two  to  three  inches  in  length,  is  moulded  to  the 
front  of  the  spine,  and  crosses  it  at  the  level  of  the  fourth  lumbar  vertebra.  The  inferior 
duodenal  flexure  in  which  this  stage  commences  is  the  lowest  part  of  the  duodenum,  and  is 
sometimes  found  dilated  into  a  pouch  of  considerable  size.  It  is  related  behind  to  the  aorta, 
the  inferior  vena  cava,  and  the  inferior  mesenteric  artery.  It  is  related  in  front  to  the  commence- 
ment of  the  mesentery  and  to  the  superior  mesenteric  vessels  and  the  pancreas  is  closely  applied 
to  its  upper  border. 

The  Fourth  or  Ascending  Stage  is  about  two  inches  long,  and  is  directed  almost  vertically 
upwards  along  the  left  side  of  the  spine  to  the  root  of  the  transverse  mesocolon  where  it 
suddenly  bends  forwards  opposite  the  second  lumbar  vertebra,  the  bend  being  known  as  the 
duodeno-jejunal  flexure.  This  terminal  extremity  of  the  duodenum  lies  behind  the  stomach  and 
very  near  the  duodeno-pyloric  junction  ;  it  is  related  in  front  to  the  coils  of  small  intestine,  the 
transverse  mesocolon,  and  the  stomach  ;  behind,  to  the  left  spermatic  vessels,  the  left  renal  vessels, 
and  the  ureter.  Its  right  side  lies  against  the  aorta,  and  is  closely  related  also  to  the  pancreas. 

In  some  cases  the  different  stages  of  the  duodenum  meet  each  other  in  rounded  angles,  so 
that  their  entire  segment  of  the  small  intestine  resembles  a  ring,  with  a  narrow  deficiency  above 
and  to  its  left  side.  This  is  the  usual  type  in  children,  and  is  seen  in  fig.  129 — annular  form.  In 
other  cases  it  presents  a  U-shaped  outline,  the  third  or  horizontal  stage  being  here  very  distinct. 
More  commonly,  however,  its  shape  in  the  adult  is  that  of  a  V,  with  its  apex  directed  downwards 
and  to  the  right,  the  second  or  descending  stage  being  almost  vertical,  wnile  the  third  and  fourth 
stages  are  directed  obliquely  to  the  left  across  the  spine.  In  addition  to  its  general  curvature  the 
duodenum  presents  certain  bends  or  undulations  which  are  due  to  the  irregular  or  uneven  surface 
upon  which  it  rests  ;  thus  the  second  stage  presents  a  backward  curve  beside  the  spine,  and  the 
third  stage  arches  forwards  in  front  of  the  spine. 

Peritoneal  relationships  of  the  Duodenum. — The  first  stage  is  quite  covered  in  front,  but 
the  posterior  surface  is  only  covered  for  about  an  inch,  or  up  to  the  point  at  which  the  hepatic 
artery  curves  forwards  and  insinuates  itself  between  the  two  layers  of  the  lesser  omentum  (Jiepato- 
duodenal  ligament).  The  second  stage  is  covered  by  peritoneum  in  front,  except  where  it  is 
crossed  by  the  transverse  mesocolon  or  by  the  colon  itself.  The  third  stage  is  covered  by 
peritoneum  in  front,  and  like  the  second  stage  it  rests  behind  upon  the  loose  retroperitoneal 
tissue,  except  near  its  left  extremity  where  the  peritoneum  has  a  tendency  to  pass  beneath  it. 
The  fourth  stage  is  covered  by  peritoneum  in  front  and  along  its  left  side.  Certain  peritoneal 
recesses  are  sometimes  found  in  connection  with  the  duodenum,  the  most  constant  of  which  are 
those  which  are  related  to  this  stage  ;  they  are  represented  in  fig.  125. 

1.  The  Superior  Duodenal  Fossa  is  found  at  the  termination  of  the  duodenum  (fig.  125). 
It  is  bounded   by  a  crescentic  fold  of  peritoneum  attached  internally  to  the  duodeno-jejunal 
flexure,  externally  to  the  peritoneum  which  lies  immediately  to  the  left  of  the  spine  and  below  the 
pancreas.     The  inferior  mesenteric  vein  runs  in  the  free  edge  of  this  fold. 

2.  The  Inferior  Duodenal   Fossa  (Jonnesco)  (the  fossa  duodeno-jejunalis  of  Treves)  is 
perhaps  the  most  constant.     It  is  situated  opposite  the  commencement  of  the  fourth  stage  of  the 
duodenum.     The  apex  or  blind  extremity  of  the  fossa  is  directed  downwards  and  to  the  right. 
Its  mouth  or  inlet  is  directed  upwards,  and  is  bounded  by  a  well  marked  peritoneal  fold  which 
stretches  from  the  left  side  of  the  duodenum  to  the  peritoneum  at  the  left  side  of  the  aorta  and 
spine.     The  upper  or  free  edge  of  this  fold  does  not  contain  any  vessel  of  importance.     The 
depth  of  the  fossa  is  a  little  over  an  inch,  and  it  appears  to  be  present  in  about  fifty  per  cent,  of 
cases.     Other  fossae  occasionally  found  are  the  following : — 

3.  The  Paraduodenal  Fossa  (Landzert)  corresponds  to  a  peritoneal  cul-de-sac  of  rather 
variable  development,  which  is  situated  to  the  left  side  of  the  terminal  stage  of  the  duodenum. 
Its  existence  seems  to  depend  upon  the  peritoneal  fold  which  is  raised  by  the  ascending  branch  of 
the  left  colic  artery  and  contains  in  addition  the  inferior  mesenteric  vein.     This  fossa  is  most 
evident  i>i  the  infant,  and  is  usually  indistinct  in  the  adult.     Its  inlet  is  directed  forwards  -and  to 
the  right  side,  and  it  is  quite  independent  of  the  superior  and  inferior  duodenal  fossae. 

4.  The  Duodeno  jejunal  Fossa  (Jonnesco)  lies  between  the  convexity  of  the  duodeno- 
jejunal  flexure  and  the  root  of  the  transverse  mesocolon.     Its  lateral  boundaries  are  formed   by 
two  peritoneal  folds  passing  between  the  mesocolon  and  the  intestine. 
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5.  The  Retro-duodenal  Fossa,  when  present,  forms  a  blind  recess  extending  upwards  and 
to  the  left  beneath  the  duodenum  (third  and  fourth  stages),  and  in  front  of  the  aorta.  Its  orifice 
looks  downwards  and  it  varies  greatly  in  depth. 

The  duodenum  is  the  most  fixed  segment  of  the  small  intestine,  and  the  manner  in  which 
this  is  effected  is  briefly  as  follows.  It  is  retained  in  contact  with  the  posterior  abdominal  wall 
by  the  transverse  colon  and  its  mesentery.  The  peritoneal  layers  of  the  latter  may  be  traced 
upwards  and  downwards  over  the  duodenum,  covering  its  anterior  aspect,  and  reflected  from  it 
to  contiguous  structures.  The  terminal  stage  of  the  duodenum  is  held  in  position  by  the 
suspensory  ligament  of  Treilz.  This  is  a  band  consisting  of  fibrous  tissue  and  smooth  muscle 
which  passes  from  the  duodeno-jejunal  flexure  upwards  to  the  left  crus  of  the  diaphragm,  behind 
the  pancreas  and  in  front  of  the  aorta.  The  duodenum  is  also  held  in  connection  with  the  under 
aspect  of  the  liver  by  the  right  extremity  of  the  gastro  hepatic  omentum  or  hepato-duodenal 
ligament.  It  is  fixed  also  to  some  extent  by  the  fold  of  peritoneum  which  extends  between  its 
upper  angle  or  bend  and  the  anterior  aspect  of  the  right  kidney  (duodeno-renal  ligament — Hnschke}. 

The  blood  supply  of  the  duodenum  is  mainly  derived  from  the  pancreatico-dnodenal  arteries. 
The  superior  is  a  branch  of  the  gastro-duodenal  (hepatic  art.),  the  inferior  comes  from  the  superior 
mesenteric  artery.  The  branches  of  these  arteries  anastomose  freely,  and  are  for  the  most  part 
directed  to  the  duodenum  on  its  concave  aspect. 

From  the  account  which  has  been  given  of  the  duodenum  and  its  relationships,  it  will  be 
seen  that  it  lies  partly  within  the  upper  and  partly  within  the  lower  abdominal  compartment,  the 
transverse  colon  and  its  mesentery  constituting  the  boundary  line  between  these  two  (fig.  126). 
The  first  stage  and  part  of  the  second  lie  within  the  supramesocolic  compartment  and  beneath 
the  liver.  The  lower  part  of  the  second,  together  with  the  third,  and  fourth  stages  are  contained 
within  the  inframesocolic  compartment,  and  are  covered  by  the  coils  of  the  jejuno-ileum. 

The  mobility  of  the  first  stage  of  the  Duodenum  which  is  permitted 
by  its  peritoneal  connections  is  a  valuable  property  in  so  far  that  it 
offers  considerable  facilities  for  the  performance  of  operations  upon  the 
pyloric  region,  and  also  upon  the  duodenum  itself.  In  pylorectomy  and 
pyloroplasty  the  necessary  manipulations  are  performed  with  much 
greater  ease  and  safety  when  the  pylorus  and  the  adjoining  portion  of 
the  duodenum,  with  their  peritoneal  connections,  can  be  drawn  forwards 
into  the  vicinity  of  the  abdominal  wound.  The  same  applies  to  the 
operation  of  cholecystenterostomy  (p.  458),  in  which  a  fistulous  com- 
munication is  established  between  the  duodenum  and  the  gall-bladder. 
Were  it  not  for  this  mobility  of  the  duodenum  at  its  commencement, 
distension  of  the  stomach  would  be  very  apt  to  cause  a  sharp  kinking 
near  the  duodeno-pyloric  junction,  seeing  that,  as  the  organ  distends,  it 
advances  further  to  the  right  side,  displacing  the  duodenum  simultaneously 
in  the  same  direction. 

The  first  stage  of  the  duodenum  is  not  uncommonly  found  dilated, 
it  is  limited  at  either  extremity  by  slight  constrictions  (fig.  126),  and  con- 
sequently presents  a  spindle-shaped  outline.  This  portion  has  been 
termed  by  certain  French  authors  the  vestibule  of  the  duodenum,  or  the 
duodenal  antrum.  Its  interior  is  comparatively  smooth,  as  it  does  not 
possess  the  valvulae  conniventes  which  are  so  numerous  in  the  remaining 
stages. 

Duodenal  ulceration  appears  to  be  most  common  in  the  vicinity  of 
the  pylorus  and  on  the  anterior  wall  of  the  bowel.  It  presents  a  very 
close  resemblance  to  the  form  met  with  in  the  stomach,  i.e.  it  has  a 
tendency  to  extend  deeply,  so  that  the  floor  of  the  ulcer  eventually 
may  be  formed  by  the  liver,  pancreas,  or  gall-bladder,  adhesions  having 
formed  previously  between  the  opposing  peritoneal  surfaces.  Duodenal 
ulceration  may  be  followed  by  severe  haemorrhage,  or  by  perforation 
into  the  general  peritoneal  cavity.  Perforation,  with  a  circumscribed 
extravasation  of  duodenal  contents,  has  frequently  been  known  to  cause 
a  subphrenic  abscess.  Cicatrisation  of  an  extensive  duodenal  ulcer  is 
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liable  to  cause  stenosis  of  the  bowel,  with  subsequent  dilatation  of  the 
stomach.  Should  the  process  of  cicatrisation  involve  the  duodenal  wall 
in  the  vicinity  of  the  orifice  of  the  common  bile  duct,  not  only  will 
intense  jaundice  and  cholaemia  follow,  but  obstruction  will  also  be 
offered  to  the  escape  of  the  pancreatic  secretion,  and  rapid  emaciation, 
terminating  fatally,  will  be  the  inevitable  consequence.  Fistulous  com- 
munications have  been  noted  between  the  duodenum  and  gall-bladder 
in  cases  of  duodenal  ulcer.  If  the  latter  should  be  situated  in  close 
proximity  to  the  wall  of  the  portal  vein,  thrombosis  (pylepJdebitis)  within 
this  vessel  would  be  very  apt  to  supervene. 

Curling  drew  attention  many  years  ago  to  the  occurrence  of  duodenal 
ulceration  after  extensive  burns  of  the  skin,  especially  that  covering  the 
trunk.  It  is  supposed  that  the  cause  of  such  ulcers  is  to  be  found  in 
embolism  of  one  of  the  arterioles  in  the  duodenal  mucous  membrane, 
followed  by  haemorrhagic  infiltration.  The  action  of  the  gastric  secretion 
upon  the  involved  area  subsequently  is  probably  the  direct  cause  of  the 
ulcer. 

The  close  proximity  of  the  duodenum  to  the  gall-bladder  serves  to 
explain  the  frequency  with  which  adhesions  are  found  here  in  many 
cases  following  previous  attacks  of  cholecystitis.  It  has  already  been 
mentioned  that  gall-stones  may  ulcerate  through  into  the  duodenum. 

The  second  stage  of  the  Duodenum  presents  an  important  relation- 
ship to  the  right  kidney  (fig.  129),  and  it  is  probable  that  it  accounts 
for  certain  symptoms  which  have  been  found  associated  occasionally  with 
movable  kidney,  namely,  obstruction  to  the  outflow  from  the  stomach, 
followed  by  some  degree  of  gastrectasis  and  vomiting.  It  would  appear 
not  unlikely  that  a  mobile  kidney  exercises  a  certain  amount  of  traction 
upon  the  duodenum,  and  that  kinking  takes  place  where  this  is  held 
fixed  by  its  connections  with  the  hepato-duodenal  ligament.  At  all 
events,  it  has  frequently  been  noted  that  fixation  of  a  movable  kidney 
(nepkrorrhaphy)  has  been  followed  by  complete  relief  of  the  gastric 
symptoms.  It  is  not  improbable  also  that  certain  forms  of  jaundice 
suggestive  of  gall-stones  may  be  explained  by  obstruction  to  the  flow 
of  bile  along  the  common  bile  duct,  the  result  evidently  of  the  traction 
exercised  upon  it  by  the  duodenum  in  the  descent  of  the  kidney. 

Rupture  of  the  Duodenum. — Although  at  first  sight  it  would 
appear  that  the  duodenum,  from  its  deep  position,  was  well  protected 
from  injury,  yet  it  is  sometimes  badly  crushed  against  the  spine,  and 
even  torn  in  cases  of  severe  abdominal  contusions,  its  fixity,  no  doubt, 
being  largely  accountable  for  this.  Two  cases  of  duodenal  rupture 
have,  within  a  comparatively  recent  period,  been  observed  in  Sir  Patrick 
Dun's  Hospital.  One,  under  the  care  of  the  author,  was  caused  in  a 
young  man  by  the  forcible  impact  of  the  pointed  extremity  of  the  shaft 
of  a  coal  dray  beneath  the  right  costal  arch,  as  he  was  guiding  his  horse 
through  a  narrow  gateway.  The  animal  suddenly  swerved,  and  the  man 
was  compressed  between  the  shaft  and  the  gate-post,  no  external  mark 
being  left  to  indicate  the  nature  of  the  injury.  On  admission  to  hospital 
next  day  he  was  in  a  collapsed  state,  and  died  shortly  afterwards. 
A  rupture  was  found  on  the  posterior  aspect  of  the  duodenum,  just  at 
the  termination  of  its  second  stage,  and  behind  the  peritoneum,  where  the 
bowel  lay  against  the  right  side  of  the  spine  ;  the  aperture  readily  ad- 
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mitted  the  tips  of  two  fingers.  A  large  amount  of  extravasation,  consist- 
ing of  the  duodenal  contents  mixed  with  blood  and  intestinal  gas,  had 
made  its  way  behind  the  peritoneum  downwards  into  the  right  iliac  fossa. 
The  other  case  was  under  the  care  of  my  colleague  Professor  Bennett.  It 
was  that  of  a  man  who  was  kicked  by  a  horse  above  and  to  the  right  of  the 
umbilicus.  An  exploratory  laparotomy  was  performed,  but  without  de- 
tecting the  site  of  the  injury.  The  following  note  is  taken  from  the  record 
of  the  case.  "  The  post-mortem  examination  revealed  the  fact  that  the 
duodenum,  where  it  lies  against  the  spine  behind  the  peritoneum,  was 
ruptured.  A  rent  measuring  two  inches  in  circumference,  at  right  angles 
to  the  long  axis  of  the  intestine,  existed,  and  the  intestinal  contents  had 
passed  down  along  the  spine  and  had  reached  the  pelvis."  Rupture  of 
the  duodenum  is  probably  the  most  serious  form  of  intestinal  injury, 
owing  to  the  very  vague  nature  of  the  symptoms,  and  the  difficulty  which 
is  encountered  in  reaching  and  closing  the  rent.  The  most  direct  and 
at  the  same  time  the  safest  route  to  follow  in  order  to  gain  access  to  the 
injured  part  would  probably  be  by  a  lumbar  incision,  made  as  if  to 
reach  the  right  kidney.  When  the  peritoneum  is  reached,  it  can  be 
raised  and  separated  from  the  underlying  parts  in  an  inward  direction 
until  the  retroperitoneal  aspect  of  the  duodenum  is  exposed  at  the  right 
of  the  spine,  in  front  and  to  the  inner  side  of  the  right  kidney,  where 
traumatic  ruptures  are  usually  situated. 

Congenital  defects  in  the  duodenum  are  very  rare.  When  present 
they  are  found  to  assume  one  or  other  of  two  forms  which  differ  very  much 
from  each  other,  (i)  Congenital  duodenal  pouch  appears  as  a  diverticular 
offshoot  connected  with  the  second  stage  of  the  bowel,  above  the  opening 
of  the  common  bile  duct.  It  usually  has  a  wide  mouth  and  its  depth  is 
about  an  inch.  From  its  position  it  would  appear  probable  that  this 
pouch  originates  in  some  way  with  the  hepatic  diverticulum  from  the 
embryonic  foregut.  (2)  Congenital  occlusion  of  the  duodenum,  whenever  it 
exists,  is  usually  found  also  above  the  opening  of  the  common  bile  duct. 
The  occlusion  may  be  complete,  rendering  the  lumen  of  the  bowel 
absolutely  impervious,  or  it  may  assume  an  incomplete  form,  the  lumen 
being  occupied  by  a  septum,  perforated  at  its  centre,  above  which  it 
will  probably  be  found  considerably  dilated.  The  origin  of  this  defect  is 
probably  dependent  also  upon  some  developmental  irregularity  in  the 
budding  off  of  the  hepatic  diverticulum. 

Retroperitoneal  Herniae. — The  more  constant  and  at  the  same  time 
the  more  important  duodenal  fossae  formed  by  the  peritoneum  have 
been  described.  Their  practical  significance  consists  in  the  fact  that  they 
furnish  sites  for  the  development  of  retroperitoneal  herniae.  The  inferior 
duodenal  fossa  of  Jonnesco — the  fossa  duodeno-jejunalis  of  Treves — may 
be  the  starting-point  of  one  of  these  hernias,  but  from  the  investigations 
of  Moynihan  it  would  appear  that  the  paraduodenal  fossa  is  a  much 
more  likely  site.  As  the  intestine  enters  this  fossa,  the  peritoneum 
which  lines  it  becomes  gradually  more  and  more  stretched,  and  forms  a 
sac  in  the  loose  retroperitoneal  tissue.  Such  a  hernia  has  been  known 
to  reach  an  enormous  size,  lying  mainly  on  the  left  side,  in  front  of  the 
kidney,  reaching  upwards  in  front  of  the  pancreas  behind  the  stomach 
and  downwards  into  the  pelvis,  and  may  contain  in  its  interior  the 
greater  part  of  the  jejunum  and  ileum.  Should  strangulation  take  place 
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and  an  operation  be  attempted  for  its  relief,  it  is  important  to  bear  in 
mind  that  the  mouth  or  inlet  to  the  sac  is  bounded  in  front  and  also 
externally  by  a  fold  of  peritoneum  which  contains  the  inferior  mesenteric 
vein. 

THE  JEJUNUM  AND  ILEUM. 

The  Jejunum  and  Ileum  are  the  direct  continuation  of  the  duodenum,  and  together  constitute 
the  greater  portion  of  the  small  intestine.  The  jejunum  commences  at  the  duodeno-jejunal 
flexure  upon  the  left  side  of  the  second  lumbar  vertebra,  and  the  ileum  terminates  by  joining  the 
large  intestine  in  the  right  iliac  fossa  opposite  the  point  or  junction  of  the  crecum  with  the 
ascending  colon.  Viewed  externally,  this  segment  of  the  small  intestine  forms  a  cylindrical  tube 
with  a  smooth  uniform  external  surface,  but  there  is  no  hard  and  fast  line  which  can  be  regarded 
as  marking  the  junction  of  jejunum  and  ileum.  It  is  customary  to  regard  the  upper  two-fifths 
jejunum,  the  lower  three-fifths  ileum,  but  for  convenience  the  two  portions  will  be  alluded  to 
under  the  collective  term  'jejuno-ileum.' 

In  the  adult  the  average  length  of  this  portion  of  the  intestine  is  about  twenty-two  feet. 
Its  calibre  is  not  uniform,  but  diminishes  gradually  from  above  downwards,  being  narrowest 
at  the  termination  of  the  ileum.  As  it  is  contained  within  a  space  of  limited  dimensions, 
the  jejuno-ileum  is  of  necessity  coiled  about  in  a  very  complicated  manner,  and  is  connected 
to  the  posterior  abdominal  wall  by  a  fold  of  peritoneum,  the  mesentery  proper,  which 
allows  it  a  wide  range  of  mobility.  It  is  contained  for  the  most  part  within  those 
regions  of  the  abdomen  which  lie  below  the  subcostal  plane  and  in  the  lower  or  infra- 
mesocolic  compartment  of  the  abdomen  (fig.  120).  The  coils  are  related  in  front  to  the 
anterior  abdominal  wall  and  the  great  omentum,  which  as  a  rule  is  spread  over  them. 
They  are  related  behind  to  the  posterior  abdominal  wall  and  the  parts  which  are  intimately 
connected  with  it,  viz.,  the  lower  extremities  of  both  kidneys  and  the  ureters,  the  aorta  and 
inferior  vena  cava  with  their  branches,  the  spine,  psoas  muscles,  caecum,  ascending,  descending, 
and  iliac  segments  of  the  colon.  It  is  only  when  the  caecum  and  colon  are  empty  and  contracted 
that  they  are  covered  and  concealed  by  the  small  intestine.  The  caecum  especially  is  very 
frequently  distended  and  lies  against  the  anterior  abdominal  wall.  Below,  the  small  intestine 
occupies  the  iliac  fossae ;  but  in  the  interval  between  these  it  passes  do'wn  into  the  pelvis  and 
insinuates  itself  between  the  bladder,  pelvic  colon,  and  rectum  in  the  male,  between  the  bladder, 
uterus,  pelvic  colon,  and  rectum  in  the  female.  The  amount  of  small  intestine  occupying  the 
pelvic  cavity  varies  with  the  degree  of  distension  of  the  bladder  and  rectum.  In  the  child  but  a 
small  proportion  is  contained  within  the  true  pelvis,  which  at  this  period  is  in  an  undeveloped 
state.  In  the  angle  between  the  iliac  fossae  and  the  anterior  abdominal  wall  the  coils  lie  in 
contact  with  the  inguinal  and  femoral  hernial  orifices. 

The  direction  followed  by  the  various  coils  in  the  winding  course  which  they  pursue  presents 
very  great  irregularity,  and  it  is  quite  impossible  to  lay  down  any  definite  guiding  rules  as  to 
the  position  of  any  given  portion,  with  the  exception  of  their  two  extremities,  i.e.  those  parts 
which  lie  in  the  immediate  vicinity  of  the  duodeno-jejunal  flexure  or  the  caecum.  The  coils, 
however,  are  found  to  be  collected  into  certain  groups  ;  thus  one  finds  an  upper  group  lying 
beneath  the  transverse  colon,  a  right  and  left  lateral  group  occupying  the  recesses  at  each  side  of 
the  spine,  a  lower  group  occupying  the  cavity  of  the  true  pelvis,  and  a  median  or  central  group 
situated  between  the  others.  As  regards  the  proportion  of  intestine  in  these  regions,  according 
to  Sernoff  forty-one  per  ceut.  lies  on  the  left  side,  forty-one  per  cent,  in  the  pelvis,  and  eighteen 
per  cent,  upon  the  right  side.  The  small  proportion  in  this  last  region  is  to  be  accounted 
for  by  the  manner  in  which  the  space  is  encroached  upon  by  the  liver,  especially  in  the  child, 
and  by  the  caecum.  As  a  rule,  the  coils  which  are  situated  high  up  and  at  the  left  of  the  spine 
belong  to  the  jejunum,  those  within  the  pelvis  and  right  iliac  fossa  belong  as  a  rule  to  the  ileum. 
Only  a  comparatively  small  proportion,  about  one-third,  rests  directly  against  the  anterior 
abdominal  wall ;  the  remaining  coils  are  situated  more  deeply  and  at  some  distance  from  the 
parietes. 

The  Mesentery  consists  of  a  double  layer  of  peritoneum  which  suspends  the  jejuno-ileum  from 
the  posterior  abdominal  wall  and  constitutes  its  vascular  pedicle.  It  is  attached  in  front  to  the 
intestine  along  its  concave  border,  and  its  length  here  consequently  is  equal  to  that  of  the  intestine 
itself.  Its  parietal  attachment  is  much  shorter,  viz.,  about  six  inches  in  length.  Its  line  of  attach- 
ment to  the  posterior  abdominal  wall  pursues  an  oblique  direction,  commencing  just  below  the 
pancreas  at  the  level  of  the  second  lumbar  vertebra  on  the  left  side,  and  terminating  in  the  right 
iliac  region  in  front  of  the  sacro -iliac  articulation.  It  crosses  in  front  of  the  third  stage  of  the 
duodenum,  receiving  at  this  point  the  superior  mesenteric  vessels  between  its  two  layers.  The 
depth  of  the  fold  or  the  distance  between  its  intestinal  and  parietal  attachments  varies  ;  it  is  com- 
paratively insignificant  at  its  upper  and  lower  extremities,  but  reaches  its  maximum  where  the 
mesentery  crosses  in  front  of  the  spine  ;  it  does  not,  however,  as  a  rule  exceed  eight  or  nine  inches, 
six  or  seven  being  a  more  correct  average.  The  mesentery  is  folded  in  a  very  complicated  manner 
and  describes  a  series  of  windings,  some  of  which  are  directed  from  side  to  side,  others  from  above 
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downwards  (fig.  120).  Taken  altogether  it  forms  a  septum  traversing  the  lower  abdominal  com- 
partment obliquely  from  above  downwards  and  subdividing  it  into  two.  The  space  to  the  right  of 
the  mesenteric  attachment  is  much  the  smaller  and  terminates  below  in  the  right  iliac  fossa.  The 
space  to  the  left  is  much  larger,  and  passes  downwards  uninterruptedly  into  the  true  pelvis. 
Between  the  layers  of  the  mesentery  are  contained,  in  addition  to  the  branches  of  the  superior 
mesenteric  artery  and  vein,  lymphatic  or  lacteal  vessels,  the  mesenteric  lymphatic  glands,  the 
superior  mesenteric  plexus  of  nerves,  some  connective  tissue,  and  a  variable  amount  of  fat. 

Blood-vessels.— The  arteries  which  supply  the  jejuno-ileum  spring  from  the  superior 
mesenteric  artery  on  its  left  aspect  ;  the  termination  of  theileum,  however,  is  supplied  by  branches 
from  the  ileo-colic  artery  (fig.  131).  The  intestinal  arteries,  which  are  usually  fifteen  to  twenty  in 
number,  run  towards  the  bowel  between  the  layers  of  the  mesentery,  and  as  they  do  so  they  divide 
and  subdivide  freely,  forming  a  series  of  anastomosing  arches.  From  the  ultimate  of  these  arches 
small  arteries  are  given  off,  which  pursue  a  straight  course  to  the  intestine  and  reach  it  at  its  hilum 
or  line  of  mesenteric  attachment  (fig.  130).  Each  of  these  arteries  divides  into  two  branches, 
which  are  distributed  to  the  bowel  on  its  lateral  aspects,  breaking  up  into  a  number  of  arborescent 


FIG.  130. — A  loop  of  small  intestine — jejunum — showing  the  mode  of  branching  and  distribution 

of  its  arteries. 

vessels  which  may  be  traced  to  its  convex  margin.  Branches  pierce  the  muscular  layers  and 
ramify  in  the  submucous  coat,  from  which  they  send  branches  into  the  mucous  membrane.  The 
arteries  are  accompanied  by  corresponding  veins  and  by  lymphatic  vessels. 

The  Lymphatics  originate  in  the  mucous  membrane  in  the  central  lacteals  of  the  villi  and 
are  directed  to  a  rich  plexus  in  the  submucous  coat.  This  also  receives  vessels  which  proceed 
from  plexuses  in  the  subserous  layer  and  from  between  the  muscular  coats.  The  lymphatic 
vessels  leave  the  intestine  at  its  hilum  and  enter  the  mesentery  where  they  are  connected  with  the 
mesenteric  lymphatic  glands.  These  vary  in  number,  but  on  an  average  they  probably  amount  to 
two  hundred,  and  lie  for  the  most  part  in  close  relation  to  the  arterial  arches.  The  deepest  and 
at  the  same  time  the  largest  glands  lie  at  the  upper  part  of  the  root  of  the  mesentery,  and  are 
closely  grouped  together.  The  efferent  vessels  which  leave  these  glands  converge  to  a  common 
trunk,  which  empties  its  contents  into  the  receptaculitin  chyli  which  lies  upon  the  right  side  of  the 
body  of  the  second  lumbar  vertebra. 

The  Nerves  which  supply  the  intestine  are  mainly  derived  from  the  cceliac  plexus  of  the 
sympathetic,  together  with  some  fibres  from  the  vagi  nerves.  Within  the  mesentery  they  assume 
a  plexiform  arrangement,  and  having  reached  the  intestine  form  two  well  defined  plexuses,  one 
within  the  submucous  layer  (Meissncrs  plexus),  another  between  the  two  muscular  layers 
(Auerbach's  plexus). 
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One  of  the  principal  features  of  the  Jejuno-Ileum  is  its  mobility. 
Suspended  as  it  is  by  its  mesentery  from  the  posterior  abdominal 
wall,  it  has  received  the  rather  appropriate  name  of  'the  floating 
intestine!  This  property  enables  it  to  adapt  itself  to  the  changes  in  the 
shape  of  the  abdominal  cavity  which  are  associated  with  varying 
attitudes  of  the  body.  Its  mobility  also  helps  it  to  recede  before  the 
gradually  enlarging  gravid  uterus,  and  to  escape  injurious  compression 
by  large  intra-abdominal  tumours,  such  as  ovarian  cysts  or  uterine  fibro- 
myomata.  In  some  cases  of  ascites,  too,  the  fluid  occupies  a  large  part 
of  the  available  intra-abdominal  and  pelvic  space,  at  the  expense  of  the 
general  mass  of  the  intestine.  The  coils  normally  are  closely  applied  to 
each  other,  to  the  omentum  and  anterior  abdominal  wall,  their  surfaces 
are  moistened  by  a  small  amount  of  intraperitoneal  fluid  and  they  are 
related  collectively  to  the  posterior  surface  of  the  anterior  abdominal 
wall  much  in  the  same  way  as  the  articular  extremity  of  a  long  bone  is 
related  to  its  socket,  as  gliding  movements  take  place  between  both. 

The  mobility  of  the  small  intestine  and  its  smooth  uniform  surface 
are  mainly  responsible  for  the  frequency  with  which  it  is  the  seat  of 
internal  strangulation.  Under  certain  conditions,  especially  in  cases 
of  localised  peritonitis,  bands  are  formed  within  the  abdomen  in 
consequence  of  adhesions  taking  place  between  the  inflamed  parts  and 
some  adjacent  surface.  These  bands  may  be  formed  by  some  of  the 
normal  intra-abdominal  structures  which  gain  abnormal  attachments, 
such  as  the  great  omentum,  the  vermiform  appendix,  the  Fal- 
lopian tube,  a  coil  of  intestine,  or  Meckel's  diverticulum.  Bands  are 
also  formed  by  peritoneal  adhesions  which  have  become  greatly  stretched 
and  elongated  into  cord-like  structures.  These  adhesions  very  com- 
monly have  their  parietal  attachments  in  the  vicinity  of  the  inguinal, 
femoral,  or  umbilical  hernial  orifices,  and  are  usually  the  sequelae  of 
inflamed  or  strangulated  hernise  which  have  been  returned  within 
the  abdominal  cavity.  From  whatever  cause  arising,  bands  of  all 
sorts  are  a  great  source  of  danger.  A  coil  of  intestine  may  at  any 
moment  and  without  warning  slip  beneath  one,  or  be  engaged  by 
it  in  such  a  way  that  its  lumen  is  obliterated  and  the  circulation  in 
its  vessels  obstructed  (internal  strangulation}.  The  seat  of  strangulation 
is  very  often  in  the  lower  part  of  the  ileum.  This  probably  is  to  be 
accounted  for  by  the  fact  that  the  coils  belonging  to  this  part  usually 
occupy  the  region  of  the  pelvis,  and  are  liable  to  be  snared  by  bands  of 
adhesion  following  previous  pelvic  peritonitis  or  appendicitis.  Meckel's 
diverticulum  also  is  connected  as  a  rule  with  the  lower  part  of  the 
ileum,  and  when  it  does  cause  an  internal  strangulation  the  involved 
intestine  is  usually  that  part  which  intervenes  between  the  attachment 
of  the  diverticulum  and  the  ileo-caecal  valve.  Slits  or  holes  in  the 
mesentery,  whenever  present,  are  usually  found  in  that  part  which  is 
connected  with  the  lower  ileum.  A  piece  of  intestine  may  become 
adherent  to  some  neighbouring  surface,  such  as  the  abdominal  parietes, 
the  bladder,  uterus,  etc.,  and  is  liable  to  be  held  down  in  a  bent  position. 
Such  a  state  of  affairs  commonly  causes  trouble  by  interfering  with  the 
peristaltic  contraction  of  the  intestine,  of  which  the  adherent  part  forms 
an  inert  segment.  Bending  of  the  gut  at  the  seat  of  adhesion  will 
probably  create  a  serious  degree  of  mechanical  obstruction. 
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The  jejuno-ileum  most  frequently  forms  the  contents  of  a  retro- 
peritoneal  hernia,  one  variety  of  which  has  already  been  described 
(p.  471).  Very  frequently,  too,  it  finds  its  way  into  an  external  hernia, 
especially  one  of  the  inguinal  or  femoral  variety  (fig.  116).  The  coils 
most  liable  to  become  engaged  are  those  which  possess  the  longest 
mesentery  ;  these  correspond,  according  to  Treves,  to  a  segment  of  the 
intestine,  the  two  extremities  of  which  are  situated  respectively  six  and 
eleven  feet  from  the  duodeno-jejunal  flexure,  and  the  mesentery  of 
which  may  reach  a  length  of  ten  inches.  These  coils  are  not  infrequently 
lodged  in  the  pelvis,  and  in  close  proximity  to  the  inguinal  and  femoral 
rings. 

Enteroptosis. — The  jejuno-ileum  is  held  in  position  mainly  by  the 
mesentery  and  by  the  vessels  which  are  contained  between  its  layers, 
by  the  tension  of  the  abdominal  parietes,  and  by  the  atmospheric 
pressure.  Under  certain  conditions,  however,  it  may  assume  an  abnor- 
mally low  level.  This  is  usually  due  to  relaxation  or  yielding  of  the  root 
of  the  mesentery,  which  subsequently  glides  down  over  the  lumbar  spine, 
and  it  is  invariably  associated  with  excessive  relaxation  of  the  abdominal 
wall.  This  prolapse  of  the  intestine  is  what  is  known  as  enteroptosis, 
and  there  is  very  often  with  it  a  general  ptosis  of  other  organs  (GlenarcCs 
disease),  in  which  the  liver,  spleen,  kidneys,  stomach,  and  colon  take  part. 
The  abdomen  assumes  a  peculiar  shape  ;  it  is  flattened  or  somewhat  de- 
pressed above  the  umbilicus,  but  below  this  it  is  unduly  prominent  and 
pendulous.  Such  a  state  of  affairs  is  most  commonly  found  in  females 
who  have  borne  children,  and  whose  abdominal  walls  are  thin  and  feeble. 

The  Surgery  of  the  Small  Intestine. — The  principal  anatomical 
points  which  have  a  practical  bearing  upon  the  surgery  of  the  small 
intestine  present  themselves  for  consideration  in  the  operation  of  enterec- 
tomy,  in  which  a  segment  of  the  gut  of  varying  dimensions  is  removed.  It 
may  be  required  tot  gangrene  following  an  internal  or  external  strangula- 
tion, for  a  benign  or  malignant  growth,  with  both  of  which  (but  especially 
the  latter)  narrowing  of  the  tube  is  generally  associated,  or  for  injury,  such 
as  gunshot  wounds  or  severe  crushing.  Large  portions  of  intestine  have 
been  excised  with  success,  but  it  has  been  observed  that  if  more  than 
one-third,  viz.,  seven  feet,  be  removed,  the  nutrition  of  the  patient  after- 
wards is  apt  to  suffer,  probably  from  the  loss  of  such  an  extensive 
absorbing  surface. 

The  steps  of  a  typical  Enterectomy  are  briefly  as  follows : — The 
intestine  to  be  removed  is  drawn  forwards,  if  possible,  outside  the  abdo- 
men. Two  clamps  are  placed  close  together  above  and  below  this  part, 
and  the  bowel  is  divided  with  scissors  between  each  pair  of  forceps.  The 
section  of  the  mesentery  is  made  as  close  as  possible  to  its  intestinal 
attachment.  Some  advocate  the  removal  of  a  wedge-shaped  piece  of 
mesentery  with  the  intestine,  but  it  is  generally  recognised  that  the 
former  method  is  safer,  as  it  incurs  less  risk  of  gangrene  of  the  parts 
left  behind.  Gangrene  is  very  likely  to  occur  if  a  piece  of  intestine  is 
left  projecting  beyond  the  section  in  the  mesentery.  It  has  been  recom- 
mended (MacCormac)  that  the  intestine  should  not  be  divided  at  right 
angles  to  its  long  axis,  but  somewhat  obliquely,  so  that  more  of  it  is 
removed  on  its  convex  than  on  its  concave  aspect.  By  doing  this,  the 
transverse  vessels  which  run  towards  the  convexity  of  the  bowel  are 
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more  likely  to  escape  injury,  and  the  blood  supply  of  the  sutured  ends 
will  be  more  certainly  assured.  The  majority  of  operators  nowadays 
recognise  the  soundness  of  this  advice,  seeing  that  the  great  cause  of 
failure  in  enterectomy  is  deficient  blood  supply,  or  an  impeded  venous 
return  from  the  divided  ends,  leading  to  a  zone  of  necrosis  in  the  vicinity 
of  the  suture  line. 

The  divided  ends  are  best  united  by  end  to  end  suturing,  and  in 
connection  with  this  subject  there  is  an  important  fact  to  be  noted,  viz., 
the  mode  of  attachment  of  the  mesentery  to  the  gut.  The  two  layers 
of  peritoneum  forming  the  mesentery  diverge  slightly  as  they  approach 
the  intestine,  and  by  the  time  they  have  reached  it  they  are  about  five- 
sixteenths  of  an  inch  apart  (Anderson),  the  intervening  space  being 
occupied  by  blood-vessels,  lymphatics,  and  some  fatty  tissue.  When  the 
divided  ends  of  the  intestine  are  brought  together  and  sutured,  it  is 
important  that  the  junction  should  be  effected  in  such  a  way  that  the 
outer  or  serous  surfaces  of  the  two  ends  come  into  accurate  apposition 
along  the  suture  line,  as  it  has  long  been  recognised  that  two  peritoneal 
surfaces  so  connected  adhere  very  quickly  and  securely.  At  the  level  of 
the  mesenteric  attachment  the  ends  of  the  intestine  come  together  over 
a  narrow  area  devoid  of  peritoneum,  and  it  is  found  that  at  this  point 
union  of  the  opposing  surfaces  is  not  so  rapidly  effected,  and  that  it  is 
here  failure  is  most  likely  to  take  place  with  subsequent  leakage  of  the 
bowel  contents  ;  great  care  should  be  taken,  therefore,  when  applying 
sutures  at  this  point. 

In  a  surgical  sense,  the  different  layers  which  collectively  constitute 
the  intestinal  wall  may  be  considered  as  three  in  number :  an  outer,  con- 
sisting of  the  peritoneum  with  the  longitudinal  and  circular  layers  of 
muscle  ;  an  inner,  corresponding  to  the  mucous  membrane  and  an  inter- 
mediate layer  formed  by  the  submucous  connective  tissue,  the  loose 
texture  of  which  accounts  for  the  mobility  which  the  mucous  membrane 
enjoys  within  its  muscular  sheath.  When  the  intestine  is  completely 
divided,  its  muscular  coat  contracts  and  retracts  to  some  extent  also,  but 
the  mucous  membrane,  on  the  other  hand,  invariably  protrudes,  and  has 
a  tendency  to  become  everted  in  such  in  a  way  as  to  overlap  and  con- 
ceal the  cut  edge  all  round.  In  suturing  wounds  of  the  stomach  and 
intestine,  it  is  very  usual  to  employ  a  double  row  of  sutures.  The  first 
row  includes  the  mucous  membrane  only,  or  all  the  coats  at  the  cut 
margin.  The  second  row,  which  is  intended  to  bring  together  the  peri- 
toneal surfaces,  should  not  traverse  the  mucous  membrane,  lest  the  bowel 
or  stomach  contents  should  spread  by  capillarity  along  the  suture  tracks 
and  infect  the  peritoneum.  The  needle  therefore  should  only  penetrate 
the  outer  of  the  layers  just  mentioned,  and  should  not  go  deeper  than  the 
submucous  layer. 

Gastro-enterostomy  has  been  dealt  with  in  connection  with  the 
applied  anatomy  of  the  stomach  (p.  442). 

The  Mucous  Membrane  of  the  small  intestine  possesses  certain  structural  characteristics 
which  are  deserving  of  notice.  These  are,  (i)  the  presence  of  villi  over  its  entire  extent ;  (2) 
the  existence  of  crescentic  folds  in  the  mucous  membrane,  called  valvulae  conniventes ;  and  (3) 
collections  of  lymphoid  tissue  in  the  form  of  closed  follicles,  which  are  for  the  most  part  closely 
aggregated  together,  forming  the  so-called  Peyer's  patches. 

The  villi  are  slender  projections  of  the  mucous  membrane,  which  give  it  a  velvety  appearance. 
They  are  most  numerous  and  most  strikingly  developed  in  the  upper  part  of  the  small  intestine, 
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becoming  gradually  fewer  and  shorter  in  the  ileum.  The  valvultz  tonniventes  are  permanent  folds 
of  mucous  membrane,  as  they  cannot  be  obliterated  even  when  the  intestine  is  forcibly  dis- 
tended ;  they  are  placed  transversely  to  its  long  axis,  but  do  not  as  a  rule  extend  completely 
round.  They  do  not  exist  over  the  entire  mucous  surface  of  the  small  intestine.  In  the  greater 
part  of  the  duodenum  and  in  the  upper  half  of  the  jejunum  they  are  well  developed  ;  they  are 
absent,  however,  at  the  commencement  of  the  duodenum,  and  beyond  the  middle  of  the  jejunum 
they  become  fewer  and  more  widely  separated.  Beyond  the  middle  of  the  ileum  they  are  found 
to  disappear  almost  if  not  entirely,  but  sometimes  they  approach  within  a  short  distance  of  the 
ileo-Ccecal  valve. 

There  can  be  little  doubt  that  the  presence  of  villi  and  valvulae  conni- 
ventes  has  a  close  connection  with  the  physiological  functions  of  the  small 
intestine.  It  is  here  that  the  chemical  processes  of  digestion  are  most 
active,  and  it  is  probable  that  the  villi  are  mainly  concerned  in  absorbing 
into  their  interior  the  products  of  digestion,  which  include  fats,  proteids, 
and  carbohydrates,  the  fats  entering  the  central  lacteal  or  lymphatic  vessel, 
the  proteids  and  carbohydrates  passing  by  way  of  the  blood  stream  into 
the  radicles  of  the  portal  vein.  The  valvulae  conniventes,  covered  as  they 
are  throughout  upon  their  superficial  aspect  by  villi,  form  an  elaborate 
arrangement  of  folds,  which  are  evidently  intended  to  increase  the  super- 
ficial extent  of  the  absorbing  and  secreting  surface  of  the  bowel. 

The  Payer's  Patches  consist  of  collections  of  lymphoid  follicles.  When  one  of  these 
patches  is  examined  in  a  piece  of  healthy  intestine  it  presents  a  series  of  shallow  depressions 
separated  by  slightly  raised  ridges  which  run  in  from  the  general  mucous  membrane  and 
form  a  kind  of  network,  the  follicles  being  placed  in  the  depressions  between  the  ridges.  A 
typical  patch  forms  an  oblong  figure,  its  length  varying  from  half  an  inch  to  two  inches,  and  its 
breadth  from  half  an  inch  to  an  inch.  No  villi  are  found  over  these  patches,  and  the  glands  of 
Lieberktihn  are  arranged  around  the  follicles  in  a  circular  manner.  Each  of  the  follicles  also  is 
surrounded  by  a  rich  network  of  blood-vessels  and  lymphatics.  On  an  average,  from  twenty  to 
thirty  Peyer's  patches  are  found  in  the  small  intestine  ;  they  are  longer  and  more  closely  arranged 
in  the  ileum  than  in  the  tube  higher  up,  and  within  the  bowel  they  are  always  situated  opposite 
the  site  of  the  mesenteric  attachment. 

Pathological  processes  very  often  originate  and  continue  to  develop 
in  Peyer's  patches.  Just  as  in  other  regions  of  the  body,  the  lymphoid 
tissue  in  the  intestinal  wall  is  prone  to  fall  a  prey  to  bacterial  influences. 
Those  microbes  especially  which  have  been  identified  as  the  specific 
agents  in  causing  tuberculosis  and  enteric  fever  appear  to  have  a  predilec- 
tion for  the  Peyer's  patches,  and  it  is  here  that  typhoid  and  tubercular 
ulcers  are  so  frequently  found.  The  situation  of  these  masses  of  lymphoid 
tissue  for  the  most  part  in  the  terminal  stages  of  the  ileum  may  to  some 
extent  account  for  the  frequency  with  which  they  become  the  seat  of 
disease.  Bacteria  of  various  sorts  are  injuriously  affected  by  the  normal 
gastric  juice, and  there  is  no  doubt  that  great  numbers  perish  in  the  stomach. 
Those,  however,  which  escape  merely  with  their  vitality  lowered  pass 
into  the  small  intestine,  they  are  gradually  restored  in  the  more  genial 
alkaline  medium  which  they  find  there,  and  have  completely  convalesced 
by  the  time  they  reach  the  lower  ileum.  Over  the  Peyer's  patches  the 
lymphoid  follicles  are  only  separated  from  the  cavity  of  the  intestine  by 
a  layer  of  columnar  epithelial  cells,  and  as  these  are  being  constantly 
loosened  and  cast  off,  the  microbes  on  reaching  these  parts  not  in- 
frequently find  a  suitable  territory  awaiting  them,  upon  which  they 
settle  and  produce  their  specific  effects. 

The  Glands  of  Lieberkiihn  are  tubular  structures  situated  within  the 
mucous  membrane  of  the  intestine,  and  are  found  throughout  its  entire 
extent.  They  consist  of  a  basement  membrane,  shaped  somewhat  after 
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the  manner  of  a  test-tube,  and  are  lined  by  a  single  layer  of  columnar  or 
cubical  epithelium.  When  cancer  develops  in  the  intestine  its  origin  is 
to  be  found  in  these  glands.  The  epithelium  makes  its  way  through  the 
basement  membrane,  and  as  the  disease  advances,  gland-like  masses  of 
cylinder-shaped  cells,  presenting  a  very  close  resemblance  to  the  normal 
tubular  glands  of  the  intestine,  penetrate  the  muscularis  mucosae  and 
invade  the  other  coats,  infiltrating  the  muscular  layers  and  gradually 
making  their  way  to  the  surrounding  parts.  Adenoma  of  the  intestine, 
on  the  other  hand,  is  a  growth  of  a  benign  character,  which  also  develops 
from  these  glands  of  Lieberkiahn.  It  never  exceeds  the  limits  of  the 
mucous  membrane,  however,  and  it  not  uncommonly  assumes  a  pedun- 
culated  appearance. 

The  Mesentery. — In  addition  to  the  account  which  has  been  given 
of  the  general  anatomy  of  this  structure,  certain  points  of  a  practical 
nature  concerning  it  have  been  noted,  such  as  its  abnormal  elongation 
which  affords  facilities  for  external  hernial  protrusions  of  the  intestine,  the 
alteration  in  its  position  which  is  associated  with  enteroptosis,  its  function 
in  serving  as  the  vascular  pedicle  of  the  intestine,  and  how  its  mode  of 
attachment  to  the  latter  has  an  important  bearing  in  connection  with 
end  to  end  suturing  of  the  divided  ends  of  the  bowel  in  enterectomy. 
There  still  remain  for  consideration  (i)  the  presence  of  slits  or  holes  in 
the  mesentery,  (2)  the  manner  in  which  it  is  influenced  in  certain  forms 
of  disease,  and  (3)  mesenteric  cysts. 

Holes  or  slits  in  the  Mesentery  are  usually  found  in  that  part 
which  is  connected  with  the  lower  ileum.  In  some 'cases  they  can  be 
traced  to  an  injury  such  as  a  blow  on  the  abdomen  ;  in  others,  how- 
ever, they  are  congenital,  and  possess  smooth  rounded  edges.  The 
aperture  is  usually  surrounded  by  an  arterial  anastomotic  circle  formed 
by  the  ileo-colic  branch  of  the  superior  mesenteric  artery  and  the  lowest 
of  the  branches  which  this  vessel  gives  to  the  small  intestine.  Without 
a  very  evident  hole  being  present  in  the  mesentery  at  this  point,  it  not 
uncommonly  presents,  according  to  Treves,  a  cribriform  appearance,  the 
result  of  atrophic  changes.  In  size  these  mesenteric  holes  vary  from  one 
with  a  diameter  of  half  an  inch  up  to  one  with  an  aperture  large  enough 
to  admit  four  fingers.  They  constitute  a  source  of  danger,  owing  to  the 
liability  of  an  intestinal  coil  to  slip  through  and  become  strangulated. 
A  case  is  mentioned  by  Coats  in  which  a  large  round  gap  existed  in  the 
mesentery  about  five  inches  in  diameter,  and  apparently  of  congenital 
origin.  The  greater  part  of  the  small  intestine  had  become  impacted  in 
a  complicated  fashion  into  the  aperture,  and  obstruction  had  resulted. 

The  effects  of  disease  upon  the  mesentery  are  most  marked  in  cases 
of  chronic  intestinal  and  peritoneal  tuberculosis.  It  has  already  been 
mentioned  that  Peyer's  patches  are  favourite  sites  for  tubercular  ulcers, 
and  that  large  lymphatic  plexuses  surround  the  lymphoid  nodules  which 
are  collected  here.  Tubercular  infection  (bacilli)  is  frequently  carried 
by  the  lymph  stream  from  the  ulcerated  areas  to  the  glands  in  the 
mesentery,  which  subsequently  enlarge  and  caseate  (tabes  mesentericd), 
and  so  help  to  spread  the  disease  to  other  parts  of  the  body.  Generalised 
or  acute  miliary  tuberculosis  not  uncommonly  originates  in  this  way,  in 
consequence  of  bacilli  in  large  numbers  passing  from  the  lymphatics 
(thoracic  duct)  into  the  systemic  blood-vessels.  In  some  cases  of  tuber- 
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cular  peritonitis  associated  with  mesenteric  gland  disease,  the  mesentery 
undergoes  marked  and  extreme  contraction,  so  much  so  that  the  attached 
coils  of  intestine  are  closely  held  down  to  the  spine,  and  their  lumen 
may  be  greatly  narrowed  {peritonitis  deformans). 

Cystic  Tumours  of  the  Mesentery  are  usually  of  lymphatic  origin 
(serous  or  chylous  cysts),  and  their  contents  may  be  clear  and  watery  or  of 
a  milky  appearance  and  consistency.  The  size  of  these  cysts  varies,  they 
have  been  met  with  as  large  as  a  child's  head.  In  some  cases  they  are 
probably  congenital  in  origin  (cystic  lymphangiomata),  and  apparently 
communicate  with  the  surrounding  lymphatic  vessels  in  the  mesentery. 

THE  (LECUM  AND  VERMIFORM  APPENDIX. 

During  the  earlier  period  of  its  development  the  large  intestine  is  represented  by  a  tube  of 
uniform  dimensions,  and  its  caecal  segment  presents  no  special  features  to  distinguish  it  from  the 
succeeding  portions.  After  the  third  month,  however,  its  lower  part  appears  to  lag  behind  in  its 
growth,  while  the  upper  continues  to  keep  pace  with  the  colon.  Gradually,  as  development  pro- 
ceeds, the  difference  becomes  more  and  more  accentuated  ;  the  lower  tapering  extremity  becomes 
the  vermiform  appendix,  and  the  more  capacious  part  above  it  the  caecum.  At  birth  the  caecal 
segment  retains  its  conical  shape  and  has  a  smooth  external  appearance  as  the  longitudinal 
bands  or  taeniae  and  the  sacculi  are  as  yet  undeveloped.  Its  long  axis  presents  a  well  marked 
curve,  the  concavity  of  which  is  directed  upwards  and  inwards,  and  in  consequence  of  which  the 
tip  of  the  appendix  comes  into  close  proximity  with  the  end  of  the  ileum.  By  the  third  year  the 
longitudinal  bands  and  sacculi  are  developed,  and  it  is  probable  that  the  inner  muscular  band  is 
mainly  responsible  for  the  curvature  of  the  caecum,  for  if  the  angle  of  flexion  be  examined  it  will 
be  found  to  be  bridged  over  by  this  band  in  such  a  way  as  to  render  the  bend  permanent.  This 
conical  form  of  ceecum  and  appendix  is  regarded  as  the  '  infantile  type, '  and  may  persist  up  to 
adult  life.  More  commonly,  however,  certain  changes  take  place,  as  the  result  of  which  the 
caecum  assumes  a  form  which  is  sometimes  alluded  to  as  the  'adult  type.'  The  main  changes 
are,  an  accentuation  of  the  taeniae  or  longitudinal  bands,  which  are  placed  one  in  front  of  the 
caecum,  one  on  its  postero-internal  (habenula  cceci  of  Krause),  and  another  on  its  postero-external 
aspect  ;  the  sacculi  also  become  much  more  decided.  These  latter  correspond  to  the  intervals  in 
the  caecal  wall  between  the  longitudinal  bands,  and  owing  to  the  way  in  which  the  part  is  main- 
tained in  the  bent  position,  the  sacculus  lying  between  the  anterior  and  external  longitudinal 
band  develops  out  of  proportion  to  the  others,  and  as  it  does  so  the  caecum  comes  to  assume 
a  more  globular  form.  This  large  sacculus  constitutes  its  most  dependent  part  or  fundus 
and  the  greater  part  of  its  anterior  wall.  The  appendix  consequently  no  longer  appears  as  the 
true  termination  of  the  caecum,  but  as  having  an  attachment  to  its  inner  and  posterior  aspect. 

Position  and  Relations  of  the  normal  Caecum. — The  caecum  is  the  widest  part  of  the 
large  intestine  and  normally  lies  in  the  right  iliac  fossa,  its  lower  extremity  being  wedged  in  between 
the  floor  of  the  fossa  and  that  part  of  the  anterior  abdominal  parietes  which  lies  above  the  outer 
half  of  Poupart's  ligament.  As  a  rule  it  is  quite  covered  by  peritoneum  and  is  freely  dependent 
within  the  general  cavity.  The  upper  limit  of  the  crecum  corresponds  to  the  plane  of  the  orifice 
of  the  ileo-caecal  valve,  and  may  be  indicated  by  a  line  crossing  the  large  intestine  midway 
between  the  upper  and  lower  borders  of  the  ileum  at  its  termination.  In  length  the  caecum 
measures  about  two  and  a  half  inches,  in  breadth  three  inches.  When  empty  it  is  usually  covered 
and  concealed  from  view  by  coils  of  small  intestine,  but  when  distended,  as  is  very  commonly  the 
case,  it  pushes  these  aside  and  comes  to  lie  directly  against  the  abdominal  wall.  Its  longitudinal 
bands  and  sacculi  are  usually  very  distinct.  The  anterior  band  or  taenia  is  sometimes  taken  as  a 
guide  in  searching  for  the  appendix,  as,  in  common  with  the  other  two,  it  is  continued  into 
the  outer  longitudinal  muscular  layer  of  this  structure. 

The  Ileo-caecal  Valve  is  situated  at  the  entrance  of  the  ileum  into  the  large  intestine, 
opposite  the  junction  between  the  csecum  and  the  ascending  colon.  When  examined  in  a 
specimen  which  has  been  hardened  in  situ,  it  appears  as  a  buttonhole  slit  about  half  an  inch  in 
length,  its  long  axis  lying  antero-posteriorly  or  somewhat  obliquely,  and  its  orifice  looking 
forwards  and  to  the  right.  The  edges  of  the  valve,  which  are  soft  and  rounded,  project 
prominently  into  the  lumen  of  the  gut,  and  both  in  front  and  behind  are  continued  for  some 
distance  forwards  and  backwards  respectively  as  two  definite  ridges  (frczna  or  retinacula),  which 
soon  fade  and  disappear.  Of  the  segments  of  the  valve  the  upper  is  the  more  prominent,  and 
each  consists  of  a  duplicature  of  the  walls  of  the  large  and  small  intestine ;  the  upper  is  some- 
times called  the  ileo-colic,  the  lower  the  ileo-ccecal  segment.  All  the  coats  of  both  the  large  and 
small  intestine  enter  into  the  formation  of  the  valve,  with  the  exception,  however,  of  the  outer 
longitudinal  fibres  of  the  ileum,  which,  instead  of  dipping  inwards,  pass  directly  from  the  ileum 
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into  the  outer  longitudinal  muscular  layer  of  the  large  intestine,  and  consequently  render  the  valve 
permanent.  The  mucous  membrane  of  the  large  is  continuous  with  that  of  the  small  intestine 
over  the  free  edges  of  the  valve.  The  level  of  the  latter  may  be  indicated  on  the  surface  by  a 
point  about  half  an  inch  below  the  intersection  of  the  Poupart  and  intertubercular  lines  (fig.  107). 

The  Vermiform  Appendix  (fig.  131),  or  the  lower  undeveloped  portion  of  the  primitive 
caecum,  represents  the  true  commencement  of  the  large  intestine,  which  in  man  is  of  a  rudimentary 
character.  In  the  child  it  is  usually  very  evident  as  the  terminal  part  of  the  tapering  caecum, 
but  in  the  adult  it  is,  as  already  stated,  attached  to  the  latter  upon  its  inner  and  posterior  aspect. 
Its  shape  is  uniformly  cylindrical,  and  its  diameter  about  six  mm.  or  quarter  of  an  inch  (Berry). 
The  direction  of  its  long  axis  varies  ;  it  is  sometimes  straight,  and  in  such  cases  it  is  usually  found 
crossing  the  psoas  muscle,  its  apex  hanging  over  the  pelvic  brim.  Very  often,  however,  it  is 
bent  or  twisted  in  a  spiral  fashion  and  lies  in  the  angular  interval  between  the  caecum  and  the 
termination  of  the  ileum  with  its  mesentery.  Its  length  varies,  but  on  an  average  it  will  be 
found  to  measure  from  three  and  a  half  to  four  inches. 

The  structure  of  the  Appendix  resembles  very  closely  that  of  the  large  intestine.    It  possesses 
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FIG.  131. — The  caecum  and  vermiform  appendix,  including  the  terminal  portion  of  the  ileum. 
The  caecal  folds  and  fossae  are  also  represented,  and  the  mode  of  distribution  of  the  ileo- 
colic  branch  of  the  superior  mesenteric  artery  (Merkel). 

a  mucous  membrane  with  Lieberktihn's  glands,  which  is  separated  from  a  submucous  layer 
by  a  faint  muscularis  mucosse ;  more  externally  are  two  layers  of  smooth  muscular  tissue,  an  inner 
circular  and  an  outer  longitudinal,  while  on  its  exterior  the  appendix  is  completely  covered  by 
peritoneum  if  one  excepts  its  line  of  mesenteric  attachment.  Lymphoid  follicles  are  found  in 
considerable  quantity  in  the  submucous  layer,  and  project  also  into  the  mucous  membrane.  They 
are  most  numerous  in  the  distal  part  of  the  appendix  ;  they  are  well  developed  in  children  and 
young  subjects,  but  atrophy  with  old  age.  The  orifice  of  the  appendix  is  situated  upon  the 
posterior  and  inner  aspect  of  the  caecum,  about  an  inch  on  an  average  below  the  ileo-caecal  valve  ; 
the  mucous  membrane  which  surrounds  it  sometimes  presents  a  valvular  arrangement  (Gerlach), 
but  it  is  probably  devoid  of  any  practical  significance. 

The  Meso-appendix  (fig.  131)  is  a  peritoneal  fold,  which  usually  presents  an  irregularly 
quadrilateral  outline  (Jonnesco).  It  is  attached  above  to  the  lower  and  left  aspect  of  the  mesentery 
of  the  ileum  for  about  one  and  a  half  inches  ;  by  its  lower  border  it  is  connected  with  the 
appendix.  Its  right  border,  which  is  sometimes  very  short,  is  attached  to  the  caecum,  and  its  left 
border  is  free.  The  attachment  to  the  appendix  can  usually  be  traced  up  to  its  free  extremity, 
but  not  uncommonly  the  main  part  of  the  mesentery  stops  short  at  some  distance  from  this 
point,  the  remainder  being  continued  onwards  as  a  faint  ridge.  It  is  the  shortness  of  this  fold 
or  mesentery  which  accounts  for  the  bent  or  twisted  appearance  which  the  appendix  so  frequently 
presents. 
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Blood-vessels  of  the  Caecum  and  Appendix. — The  caecum  and  contiguous  part  of  the 
ascending  colon,  together  with  the  appendix  and  the  termination  of  the  ileum,  are  supplied  by 
the  ileo-colic  division  of  the  superior  mesenteric  artery.  This  vessel  is  directed  downwards  and 
to  the  right,  and  before  reaching  the  ileo-colic  angle  divides  into  its  terminal  branches.  The 
most  constant  of  these  are  distributed  as  follows  (fig.  131).  The  highest  branch  ascends  to 
•supply  the  colon,  and  below  it  another  branch  passes  backwards  to  reach  the  posterior  surface 
of  the  caecum.  Of  the  remaining  branches,  one  runs  downwards  and  to  the  left  to  supply  the 
ileum,  and  the  other  passes  to  the  anterior  aspect  of  the  caecum,  which  it  supplies.  On  its  way  it 
is  contained  within  a  small  reduplication  of  the  peritoneum  called  the  ileo-colic  fold  and  gives  off 
an  important  offshoot  which  runs  behind  the  end  of  the  ileum  and  then  between  the  two  layers 
of  the  meso-appendix  ;  this  latter  is  known  as  the  appendicular  artery,  and  may  be  traced  to  the 
tip  of  the  appendix.  In  the  meso-appendix  this  small  vessel  is  usually  found  running  close  to 
its  left  free  border,  and  at  some  distance  from  the  appendix  itself.  It  sends  a  recurrent  branch 
back  to  the  ileum,  which  is  very  frequently  contained  within  a  fold  of  peritoneum,  to  which 
the  name  ileo-c<zcal  is  applied.  Another  small  branch  of  the  appendicular  artery  runs  upwards 
to  the  root  of  the  appendix  and  the  adjoining  portion  of  the  caecum. 

Peritoneal  Folds  and  Fossae  in  the  neighbourhood  of  the  Caecum. — (i)  The  ileo-colic 
fold  (fig.  131)  is  fairly  constant.  It  is  attached  to  the  anterior  layer  of  the  mesentery  of  the 
small  intestine  for  a  variable  extent,  and  to  the  anterior  aspect  of  the  ascending  colon.  Its  free 
border,  which  is  slightly  concave,  looks  downwards  and  to  the  left,  and  is  traversed  by  the 
anterior  ileo-csecal  artery.  This  fold  probably  serves  to  prevent  any  interference  with  the  vascular 
supply  of  the  caecum  and  contiguous  portions  of  the  ileum  and  colon  during  their  varying 
phases  of  contraction  and  dilatation.  The  small  recess  beneath  this  fold  is  called  the  ileo-colic  fossa. 

(2)  7%i?  ileo-c<zcal  fold  occupies  the  ileo-csecal  angle.     It  is  attached  above  to  the  end  of  the 
ileum,  and  by  its  inferior  border  fuses  with  the  anterior  surface  of  the  meso-appendix.     Its  outer 
border  is  attached  to  the  caecum,  and  its  inner  border,  which  is  concave  and  free,  usually  contains 
a  small  artery.     This  fold  forms  the  anterior  boundary  of  a  small  peritoneal  recess  known  as  the 
ileo-ccecal fossa. 

(3)  A  fold  is  frequently  found  extending  from  the  commencement  of  the  ascending  colon  and 
caecum  to  the  peritoneum  of  the  iliac  fossa  (retro-cacal fold}.     It  helps  to  limit  externally  the  retro- 
ccecal  fossa  which  lies  behind  the  caecum  and  the  commencement  of  the  ascending  colon,  its 
depth  varying  with  the  height  at  which  the  peritoneal  reflexion  takes  place  from  the  intestine  to 
the  iliac  fossa  or  lumbar  region.     The  fossa  may  be  very  large  and  its  blind  end  may  even  reach  up 
to  the  level  of  the  kidney.     The  appendix,  curled  or  twisted  upon  itself,  is  often  found  within  this 
fossa  (fig.  124). 

The  position  of  the  caecum  will  necessarily  vary  according  to  its 
degree  of  emptiness  or  distension.  When  empty  it  lies  in  the  upper  part 
of  the  iliac  fossa  and  is  usually  covered  by  coils  of  the  small  intestine. 
When  distended  with  gas  it  enlarges  to  a  considerable  extent,  displacing 
the  surrounding  parts,  and  comes  to  lie  in  immediate  contact  with  the 
anterior  abdominal  wall.  Repeated  distension  with  solid  faecal  matter 
has  the  effect  of  drawing  the  caecum  in  a  downward  direction  as  well 
as  forwards  so  that  it  may  come  to  lie  partly  within  the  pelvis.  In 
•cases  of  obstruction  of  the  large  intestine,  brought  about  by  a  malignant 
stricture  in  some  part  of  its  course  or  some  other  cause,  the  caecum  is 
usually  found  very  much  enlarged.  The  pressure  which  causes  it  to 
expand  may  be  expressed  in  mathematical  terms  as  the  resultant  of  two 
forces,  one  of  which  is  represented  by  the  peristaltic  contractile  force 
of  the  small  intestine,  the  other  by  the  contractile  force  of  the  colon 
at  the  proximal  side  of  the  stricture.  The  first  of  these  propels  the 
intestinal  contents  through  the  ileo-caecal  valve,  the  second  forces  a  cer- 
tain amount  through  the  stricture,  but  at  the  same  time  it  causes  an 
amount  of  back  pressure  in  the  direction  of  the  caecum,  which  will  vary 
in  direct  proportion  to  the  degree  of  tightness  of  the  stricture.  This 
probably  explains  why  catarrhal  inflammation  and  ulceration  (stercoral) 
is  especially  prone  to  occur  in  the  caecum.  Two  factors  conspire  to 
effect  this  ;  namely,  the  mechanical  irritation  produced  by  the  bowel 
contents,  and  the  chemical  irritating  properties  which  they  acquire  in 
obstruction  cases  owing  to  their  prolonged  sojourn  in  the  bowel  (Treves). 
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Cascal  Ectopia, — In  the  brief  resume  which  has  been  given  of  the 
development  of  the  stomach  and  intestines,  it  was  observed  that  the 
caecum  originally  lies  at  the  left  side  of  the  abdominal  cavity,  and  that  it 
follows  a  definite  migratory  course  from  this  level  until  it  eventually 
comes  to  rest  in  the  right  iliac  fossa.  In  its  original  state  also,  in 
common  with  the  other  portions  of  the  large  and  the  small  intestine, 
it  possesses  a  mesentery  by  means  of  which  it  is  suspended  from  the 
posterior  abdominal  wall.  As  the  result  of  defective  migration  the 
caecum  may  remain  permanently  anchored  in  any  part  of  its  course ; 
thus,  it  may  be  found  beneath  the  liver,  behind  the  umbilicus  —  this 
accounts  for  its  appearance  occasionally  in  an  umbilical  hernia — or  in 
front  of  the  right  kidney.  Sometimes,  though  rarely,  it  may  exceed 
its  normal  limits  and  descend  into  the  pelvis,  and  take  up  a  position 
in  front  of  the  pelvic  colon  and  rectum,  or  it  may  make  its  way  into  the 
inguinal  canal  as  a  congenital  caecal  hernia  (p.  410).  Abnormal  positions 
of  the  caecum  possess  a  high  degree  of  practical  interest,  owing  to  the 
difficulty  in  diagnosis  and  the  complications  to  which  they  may  give 
rise  should  typhlitis  or  appendicitis  supervene. 

The  caecum  and  colon  occasionally  retain  the  peritoneal  connections 
of  the  fcetal  period,  viz.,  are  suspended  by  a  mesentery  from  the  posterior 
abdominal  wall.  Such  a  condition  allows  the  caecum  an  abnormally  wide 
range  of  mobility,  it  renders  the  ileo-caecal  segment  of  the  intestine  liable 
to  become  twisted  upon  its  own  mesenteric  axis  or  around  an  adjacent 
coil  (volvulus),  and  it  enormously  facilitates  the  occurrence  of  an  intus- 
susception. 

Ulceration  of  the  Caecum  is  by  no  means  rare,  and  that  form  is 
without  doubt  the  commonest  which  occurs  as  the  result  of  chronic 
faecal  impaction,  or  coprostasis.  Stercoral  ulcers,  as  they  are  called,  by 
involving  the  outer  layers  of  the  bowel,  allow  infective  matter  to  reach 
the  peritoneum,  giving  rise  to  perityphlitis,  or  the  bowel  wall  may  be- 
come so  attenuated  that  rupture  takes  place.  Such  an  accident  is 
especially  liable  to  occur  in  cases  of  obstruction,  in  which  the  pressure 
within  the  caecum  is  greatly  increased.  Other  varieties  of  ulceration 
occasionally  met  with  in  the  caecum  are  the  dysenteric  and  the  tubercular. 
Cancer  sometimes  develops  here,  but  less  frequently  than  in  the  more 
remote  districts  of  the  large  intestine,  such  as  the  iliac  or  pelvic  colon  or 
the  rectum. 

In  the  course  of  operation  for  the  relief  of  some  forms  of  intestinal 
obstruction,  where  the  source  of  the  trouble  is  not  very  clear,  useful  infor- 
mation may  be  obtained  by  introducing  the  hand  through  the  parietal 
wound  in  the  direction  of  the  caecum,  that  is,  provided  the  general  abdo- 
minal distension  is  not  too  great.  If  the  caecum  is  distended,  the  ob- 
struction will  evidently  be  found  in  some  part  of  the  large  intestine,  but 
if,  on  the  other  hand,  it  is  contracted  or  retains  its  normal  dimensions,  it 
may  be  regarded  as  certain  that  the  obstruction  is  situated  in  the  small 
intestine. 

The  Ileo-cascal  Valve  appears  to  be  capable,  as  a  general  rule,  of 
preventing  the  contents  of  the  large  intestine  re-entering  the  ileum. 
Experiments  conducted  upon  the  cadaver  to  determine  this  point  have 
furnished  contradictory  results,  but  it  is  highly  probable  that  the  effici- 
ency of  the  valve  during  life  is  to  some  extent  dependent  upon  the 
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contractions  which  take  place  in  the  wall  of  the  caecum,  and  in  the  ileum 
at  its  termination,  and  also  upon  the  marked  obliquity  of  the  termination 
of  the  ileum  as  it  passes  from  below  upwards  and  backwards  to  the  ileo- 
caecal  opening.  It  is  nothing  short  of  astonishing  the  remarkable  way 
in  which  foreign  bodies  which  have  been  swallowed  or  mechanical 
appliances  which  have  been  introduced  into  the  small  intestine  in  the 
course  of  certain  operative  procedures — Murphy's  Button,  for  instance — 
make  their  way  through  this  valvular  orifice  into  the  large  intestine. 
Having  reached  this  part  of  the  bowel,  they  very  commonly  remain 
lodged  in  the  caecum,  and  may  give  rise  to  serious  if  not  fatal  conse- 
quences by  inducing  ulceration,  perityphlitis,  or  perforation.  It  is  quite 
evident  that  the  ileo-caecal  opening  like  the  pylorus  is  capable  of  dilating 
to  a  very  marked  degree,  otherwise  the  passage  of  certain  foreign  bodies 
would  be  quite  inexplicable.  Ulceration,  especially  tubercular,  may  attack 
the  valve  primarily,  or  may  spread  to  it  from  the  adjoining  ileum  or  colon. 
Should  cicatricial  contraction  follow  the  ulcerative  process,  stenosis  of  the 
orifice  follows,  and  the  small  intestine  encounters  progressively  increasing 
obstruction  in  endeavouring  to  transmit  its  contents  into  the  caecum. 

Intussusception  signifies  the  prolapse  of  a  portion  of  the  intestine 
into  the  lumen  of  an  immediately  adjoining  segment.  The  most  frequent 
site  for  such  prolapse  to  take  place  is  the  ileo-caecal  region,  and  a  large 
proportion  of  the  cases  of  acute  intestinal  obstruction  which  come  under 
observation,  especially  in  infants  and  young  children,  originate  in  this 
way.  The  usual  form  of  intussusception  is  that  in  which  the  caecum, 
preceded  by  the  ileo-caecal  valve,  enters  the  ascending  colon  (ileo-ccecal 
int.}.  Certain  names  are  applied  to  the  different  parts  of  a  fully  developed 
intussusception.  The  outer  layer  or  sheath  is  called  the  intussuscipiens  ; 
the  prolapsed  part  inside  this,  consisting  in  the  present  case  of  the  end 
of  the  ileum  and  its  mesentery,  with  the  inturned  wall  of  the  ascending 
colon,  constitutes  the  intussusceptum.  Once  the  intussusception  has 
started,  the  intussusceptum  acts  as  a  foreign  body ;  it  stimulates  the  outer 
layer  or  sheath  to  contract,  and  so  helps  to  force  along  the  prolapsed 
part.  The  growth  of  the  intussusception  takes  place  at  the  expense  of 
the  outer  layer  or  the  intussuscipiens,  and  in  the  ileo-caecal  form  the  wall 
of  the  colon  turns  in  more  and  more,  until  finally  the  intussusception 
may  reach  the  rectum  and  protrude  through  the  anal  orifice. 

In  order  for  an  extensive  ileo-caecal  intussusception  to  take  place, 
it  is  necessary  that  the  large  intestine  should  enjoy  a  free  range  of 
mobility,  such  as  it  possesses  when  it  retains  its  original  mesentery. 
The  complications  which  are  liable  to  supervene  in  cases  of  intus- 
susception, which  are  left  unreduced,  are  gangrene  in  whole  or  part  of  the 
intussusceptum  and  obstruction  to  the  passage  of  the  intestinal  contents. 
The  cause  of  the  gangrene  is  to  be  sought  in  the  mesentery.  This 
structure  is  gradually  drawn  in,  and  is  liable  to  become  constricted  at 
the  neck  of  the  intussusception.  The  venous  return  is  first  obstructed, 
with  the  result  that  the  intussusceptum  swells  considerably  from  oedema, 
and  oozing  of  blood  may  take  place  into  the  cavity  of  the  bowel.  Finally, 
the  arterial  flow  is  obstructed,  and  the  intussuscepted  part  undergoes 
partial  or  complete  necrosis,  and  may  be  cast  off  as  a  slough.  Should 
adhesions  have  formed  at  the  neck  of  the  intussusception  before  this 
occurs,  a  spontaneous  cure  may  possibly  be  effected,  but  this  is  rare,  as 
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perforation  and  fatal  peritonitis  commonly  follow  the  gangrenous  process. 
The  obstruction  which  occurs  in  these  cases  is  partly  due  to  the  bending 
of  the  intussusceptum  which  is  the  direct  consequence  of  the  traction 
exerted  upon  it  by  its  mesentery,  and  partly  to  the  general  swelling  of 
the  mass  owing  to  the  obstructed  venous  return.  Another  variety  of 
intussusception  in  the  region  of  the  caecum  is  the  ileo-colic.  Here  the 
lower  end  of  the  ileum  is  prolapsed  through  the  ileo-caecal  valve  ;  it  is 
much  rarer  than  the  ileo-caecal. 

The  Vermiform  Appendix  undergoes  certain  structural  changes  as 
age  advances.  Its  mucous  membrane  atrophies,  becoming  thinner  and 
smoother,  the  lymphoid  follicles  diminish  in  size,  and  may  disappear  to 
a  large  extent ;  the  appendix  as  a  whole,  too,  becomes  narrower  and 
shorter.  Its  average  length  in  the  adult  has  already  been  given  as 
from  three  and  a  half  to  four  inches,  but  it  is  subject  to  considerable 
variation  ;  it  may  be  less  than  an  inch,  and  has  been  found  as  much 
as  eight  inches  or  even  longer.  It  occasionally  presents  deviations 
from  its  normal  cylindrical  shape,  and  assumes  a  fusiform  or  clubbed 
appearance,  the  cause  of  which  is  traceable  in  most  cases  to  a  diseased 
state  of  its  interior,  leading  to  the  formation  of  a  stricture.  The  lumen 
of  the  appendix  having  become  narrowed,  the  mucus  secreted  on  its 
distal  aspect  collects  to  such  an  extent  as  to  cause  a  cystic  dilatation  of 
the  tube.  The  lumen  of  the  appendix  is  sometimes  obliterated  through- 
out its  entire  extent,  or  only  partially  (see  Appendicitis).  Total  oblitera- 
tion was  found  by  Lockwood  and  Rolleston  in  seven  cases  out  of  one 
hundred  and  sixty  examined,  or  four  and  a  half  per  cent.  Ribbert,  out 
of  four  hundred  cases  examined,  found  the  appendix  partially  or  com- 
pletely obliterated  in  ninety-nine  instances,  or  twenty-five  per  cent.  In 
3'5  per  cent,  of  these  the  obliteration  was  complete,  and  of  the  remainder 
the  degree  of  obliteration  varied  from  one  to  three-fourths  of  the  entire 
lumen  of  the  tube. 

The  appendix  also  presents  variations  in  its  position,  both  as  regards 
its  level  within  the  abdominal  cavity,  and  with  reference  to  the  caecum  as 
it  normally  lies  in  the  iliac  fossa.  In  the  various  forms  of  caecal  ectopia, 
the  appendix  is  found  to  deviate  to  a  corresponding  extent  from  its 
normal  site  ;  thus,  it  may  be  situated  beneath  the  liver,  in  the  umbilical 
region,  in  front  of  the  right  kidney,  in  the  true  pelvis,  or  even  in  a  hernial 
sac  (congenital  ccscal  hernia}.  Its  position  with  regard  to  the  caecum  has. 
been  already  described  as  by  no  means  constant.  It  is  sometimes  found 
hidden  behind  the  caecum  in  the  retro-ccecal  fossa,  within  which  it  may 
acquire  firm  adhesions.  It  may  even  for  a  part  of  its  extent  lie  in  relation 
to  the  posterior  or  extraperitoneal  surface  of  the  colon,  and  come  into 
close  proximity  to  the  right  kidney,  a  position  in  which  its  exposure  by 
operative  measures  would  be  attended  with  very  great  difficulty,  and  one 
which  predisposes  to  attacks  of  appendicitis. 

Pathological  adhesions  between  the  appendix  and  the  surrounding 
parts  are  observed  with  great  frequency.  They  may  connect  it  with 
some  of  the  structures  contained  within  the  pelvis,  such  as  the  pelvic 
colon,  rectum,  bladder,  uterus,  ovary,  Fallopian  tube,  or  broad  ligament ; 
they  commonly  connect  it  with  the  caecum  or  colon,  the  small  intestine 
or  its  mesentery,  and  sometimes  they  are  disposed  in  such  a  way  as  to 
bind  the  appendix  down  tightly  in  the  iliac  fossa.  The  close  proximity 
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of  the  ureter  and  iliac  vessels  to  the  appendix  in  this  region  should  not 
be  forgotten. 

Appendicitis. — It  may  be  stated  at  the  outset  that  certain  conditions 
exist  which  render  the  appendix  predisposed  to  inflammatory  attacks. 
The  principal  of  these  are,  its  narrow  lumen,  the  relatively  large  amount 
of  lymphoid  tissue  which  it  contains,  and  which  is  so  prone  to  bacterial 
infection,  its  long  narrow  cavity  ending  in  a  cul-de-sac  at  its  distal 
extremity,  its  dependent  position,  and  its  free  communication  with  the 
caecum  where  faecal  matters  are  so  prone  to  collect  and  to  induce 
catarrhal  inflammation  and  possibly  ulceration.  Foreign  bodies  or  con- 
cretions, which  are  occasionally  found  within  the  appendix,  are  apparently 
derived  for  the  most  part  from  the  inspissated  catarrhal  secretion  derived 
from  the  inflamed  mucous  surface  and  are  liable  to  set  up  an  ulcerative 
process  which  may  eventually  lead  to  perforation.  The  appendicular 
artery  anastomoses  with  the  vessels  in  the  caecum  to  a  very  limited 
extent,  so  that  in  the  event  of  it  becoming  obstructed  from  any  cause, 
such  as  excessive  twisting  of  the  meso-appendix  or  thrombosis,  gangrene, 
either  partial  or  complete,  of  the  appendix  would  very  probably  super- 
vene. It  has  already  been  observed  that  a  stricture  of  the  appendix,  or  a 
varying  degree  of  obliteration  of  its  cavity,  may  be  regarded  as  possible 
sequelae  of  inflammation  affecting  its  mucous  lining.  The  former  of  these 
conditions  predisposes  to  fresh  attacks  of  appendicitis  by  causing  an 
obstruction  to  the  escape  of  secreted  fluids  into  the  caecum.  Inflammation 
affecting  the  entire  thickness  of  the  wall  of  the  appendix  (interstitial 
form)  is  probably  to  be  attributed  to  a  lymphangitis  spreading  outwards 
from  the  mucous  membrane.  As  the  process  develops  the  appendix 
increases  greatly  in  size,  becoming  stiff  and  rigid,  and  a  fibrinous 
exudation  appears  on  its  peritoneal  aspect. 

Peritonitis  in  appendicitis  is  usually  of  the  circumscribed  variety, 
and  leads  to  the  formation  of  adhesions  between  the  appendix  and  the 
structures  in  its  immediate  vicinity ;  it  is  frequently  succeeded  by  suppura- 
tion and  abscess.  In  some  acute  cases  which  progress  rapidly,  peritonitis 
develops  before  adhesions  have  formed,  with  the  result  that  the  general 
peritoneal  cavity  is  invaded  (diffuse  peritonitis). 

Suppuration  occurring  in  the  course  of  appendicitis  is  usually  situated 
in  the  right  iliac  fossa.  The  wall  of  the  abscess,  which  is  irregular,  is 
composed  partly  of  the  peritoneal  covering  of  the  caecum  and  intestinal 
coils  which  are  glued  together,  and  partly  by  the  peritoneum  of  the  iliac 
fossa  and  possibly  of  the  anterior  parietes,  unless  the  pus  is  situated  deeply. 
Although  the  abscess  usually  occupies  a  circumscribed  area  of  the  peri- 
toneal cavity  limited  by  adhesions,  yet  it  sometimes  invades  the  retroperi- 
toneal  tissue  in  the  iliac  fossa,  the  excessive  laxity  of  which  affords  great 
facilities  for  its  rapid  diffusion.  Having  distended  the  fossa  it  may  burrow 
upwards  behind  the  caecum  and  ascending  colon,  or  downwards  into  the 
cavity  of  the  pelvis.  Should  it  make  its  way  into  the  vicinity  of  the  in- 
ternal abdominal  ring  it  may  possibly  work  its  way  along  the  inguinal  canal 
into  the  scrotum,  guided  by  the  structures  of  the  spermatic  cord.  These 
abscesses  are  very  liable  to  rupture  if  left  to  themselves,  but  the  direction 
which  they  take  varies  ;  they  may  travel  outwards  through  the  anterior 
abdominal  wall,  inwards  into  the  caecum,  colon,  small  intestine,  rectum, 
bladder,  or  into  the  general  cavity  of  the  peritoneum.  In  some  few 
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instances  a  spontaneous  cure  results,  but  rupture  into  the  general  peri- 
toneal cavity  will  certainly  prove  fatal  if  not  treated  by  prompt  surgical 
measures. 

In  some  cases  of  caecal  ectopia  an  abscess  originating  in  appendi- 
citis may  have  a  site  quite  remote  from  that  just  described  ;  it  may 
occupy  a  cavity  circumscribed  for  the  most  part  by  the  omentum  and 
adjacent  coils  of  intestine  behind  the  umbilicus ;  it  may  lie  beneath  the 
right  lobe  of  the  liver  or  in  front  of  the  right  kidney,  and  sometimes  it 
occupies  the  cavity  of  the  true  pelvis.  This  latter  site  is  occasionally 
revealed  by  certain  diagnostic  signs,  such  as  rectal  tenesmus,  painful 
micturition,  and  by  digital  examination  it  may  be  possible  to  detect 
through  the  rectal  wall  a  varying  degree  of  fulness  on  the  right  side. 

Operative  measures  are  frequently  employed  in  the  treatment  of 
appendicitis.  Many  surgeons  advocate  operation  at  the  first  intimation 
of  the  attack,  their  object  being  to  reach  and  remove  the  appendix  before 
adhesions  have  formed  and  before  abscess  or  other  grave  complication 
has  had  time  to  develop.  Operation  is  always  urgently  indicated  when 
suppuration  has  occurred,  but  the  most  favourable  time  is  during  the 
•quiescent  period  after  the  acute  symptoms  have  abated.  From  the 
anatomical  standpoint,  the  operation  of  appendicectomy  may  be  con- 
sidered under  two  headings: — (i)  the  most  suitable  form  of  parietal 
incision  ;  and  (2)  the  removal  of  the  appendix. 

Appendicectomy. — (i)  The  Parietal  Incision. — It  is  of  importance 
that  this  should  be  arranged  so  as  to  weaken  the  abdominal  parietes  as 
little  as  possible  (p.  392).  The  following  forms  of  incision  are  those 
•which  appear  to  the  author  most  deserving  of  notice. 

(1)  A  vertical  incision  is  made  through  the  superficial  tissues  and 
the  anterior  wall  of  the  rectus  sheath  at  the  junction  of  its  outer  and 
middle  thirds,  and  parallel  to  the  outer  border  of  the  muscle.     This  latter 
is  defined  and  drawn  inwards  by  means  of  a  broad  retractor,  the  trans- 
versalis  fascia  and  the  lower  margin  of  the  posterior  layer  of  the  rectus 
sheath  (fold  of  Douglas}  being   at  the   same  time  brought   into  view. 
These  structures  are  divided  in  the  same  line  as  the  skin  incision,  and 
the  abdominal  cavity  is  opened  by  extending  the  wound  through  the 
extraperitoneal  fat  and  peritoneum.     Usually  a  couple  of  the  terminal 
branches  of  the  lower  intercostal  nerves  are  found  running  forwards 
beneath  the  rectus  at  this  level ;  if  possible  they  should  be  retracted  out 
of  the  way,  and  protected  from  injury.     The  deep  epigastric  artery,  if 
exposed,  is  drawn  downwards  and  inwards.     The  wound  is  closed  by 
three  rows  of  sutures  ;  the  first  row  includes  the  peritoneum,  with  the  fascia 
transversalis  and  the  divided  portion   of  the  rectus  sheath,  the  rectus 
muscle  being  subsequently  allowed  to  slip  outwards  so  as  to  cover  and 
protect  this  suture  line.     The  second  row  closes  the  gap  in  the  rectus 
sheath  in  front,  and  the  third  brings  together  the  skin  and  subcutaneous 
tissue.     The  incision  just  described  is  a  slight  modification  of  that  origin- 
ally advocated  by  Jalaguier  and  Battle.     It  affords  sufficient  access  to 
the  appendix  in  the  absence  of  extensive  adhesions,  and  it  leaves  no 
subsequent  weakness  of  the  abdominal  wall,  as  no  muscular  tissue  and 
usually  no  nerve  filaments  are  divided. 

(2)  The  incision  which  is  associated  with  the  name  of  MacBurney  is 
arranged  in  such  a  manner  as  to  divide  the  three  flat  abdominal  muscles 
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in  the  direction  of  their  fleshy  and  tendinous  fibres.  It  commences  one 
inch  above  an  imaginary  line  connecting  the  anterior  superior  spine  with 
the  umbilicus,  and  is  directed  downwards  and  inwards,  crossing  this  line 
about  one  and  a  half  inches  internal  to  the  anterior  superior  spine ;  its 
length  is  from  two  to  three  inches.  When  the  superficial  structures  have 
been  incised  the  section  is  carried  through  the  aponeurosis  of  the  exter- 
nal oblique  in  the  direction  of  its  fibres,  namely,  in  the  long  axis  of  the 
wound.  While  the  edges  of  the  latter  are  held  widely  apart,  the  internal 
oblique  and  transversalis  are  also  traversed  in  the  direction  of  their  fibres, 
viz.,  almost  at  right  angles  to  the  primary  incision.  Finally,  the  section 
is  carried  through  the  transversalis  fascia  and  the  peritoneum.  This 
incision  has  the  merit  of  not  dividing  any  important  vessels  or  nerves, 
and  from  the  manner  in  which  the  muscular  fibres  are  separated,  no 
permanent  weakness  of  the  abdominal  wall  is  likely  to  follow.  It  does 
not  afford  very  much  room,  however,  for  carrying  out  the  intra-abdominal 
manipulations,  especially  in  young  muscular  subjects.  Should  it  be 
necessary,  however,  for  the  sake  of  obtaining  more  room,  to  prolong  the 
incision  backwards  above  the  iliac  crest  and  downwards  in  front  along 
the  outer  border  of  the  rectus  sheath,  as  recommended  by  MacBurney, 
the  original  object  of  the  incision  will  evidently  be  in  great  measure 
defeated,  and  the  abdominal  wall  left  in  a  weakened  state. 

(3)  Kocher's  incision  is  placed  about  three  finger-breadths  above  the 
middle  and  outer  thirds  of  Poupart's  ligament,  and  is  directed  obliquely 
downwards  and  inwards,  but  not  quite  up  to  the  edge  of  the  rectus  at  its 
lower  extremity.  The  superficial  incision  traverses  the  skin  and  super- 
ficial fascia,  with  the  superficial  epigastric  vessels.  The  aponeurosis  of 
the  external  oblique,  and  the  fleshy  and  aponeurotic  fibres  of  the  internal 
oblique  and  transversalis,  are  next  divided  in  the  long  axis  of  the  wound, 
and  lastly  the  fascia  transversalis,  the  extraperitoneal  fatty  tissue,  and 
the  peritoneum. 

This  incision  undoubtedly  has  the  fault  of  leaving  a  weak  scar;  but  it 
is  well  adapted  to  suppurative  cases  in  which  the  main  object  is  to  cut 
down  straight  over  a  circumscribed  collection  of  pus  or  an  infective 
exudation  within  the  peritoneal  cavity  in  the  region  of  the  appendix. 

The  same  remarks  are  applicable  to  an  incision  in  the  lower  part  of 
the  right  linea  semilunaris. 

Should  appendicitis  be  accompanied  by  symptoms  indicative  of 
suppuration  behind  the  caecum,  and  extending  perhaps  upwards  behind 
the  ascending  colon,  as  sometimes  happens  when  the  appendix  occupies 
the  retro-caecal  fossa,  a  lumbar  incision  or  one  near  the  upper  border  of 
the  iliac  crest  will  afford  the  most  direct  access  to  the  abscess  and 
excellent  drainage,  although  it  will  not  be  an  ideal  one  as  regards  its 
direction  and  the  structures  traversed.  The  necessity  for  free  access  and 
good  drainage,  however,  should  outweigh  all  other  considerations. 

(2)  The  Removal  of  the  Appendix. — An  appendix  in  its  usual 
situation  and  free  from  pathological  adhesions  is  connected  by  its  base 
with  the  caecum  and  by  the  meso-appendix  with  the  lower  or  left  layer 
of  the  mesentery  of  the  ileum ;  the  ileo-caecal  fold  also  comes  into  close 
relationship  with  it  near  its  basal  extremity  (fig.  131).  The  steps  of  an 
appendicectomy  in  such  a  case  are  as  follows.  The  meso-appendix  is 
ligatured  in  sections  and  divided  close  up  to  the  appendix.  At  a  point 
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about  half  an  inch  from  its  caecal  attachment,  the  latter  is  surrounded 
by  a  circular  incision  traversing  the  serous  coat,  which  is  then  separated 
from  the  outer  muscular  layer  and  rolled  backwards  towards  the  caecum. 
The  appendix  is  then  ligatured  as  near  its  base  as  possible  and  cut 
away.  The  peritoneal  cuff,  which  has  been  turned  back,  is  now  drawn 
forwards  and  sutured  or  tied  over  the  stump  of  mucous  membrane. 

In  many  instances  the  appendix  is  found  adherent,  and  the  steps  of 
the  operation  will  consequently  have  to  be  modified  to  suit  the  require- 
ments of  the  case. 

Another  method  of  dealing  with  the  appendix  is  to  ligature  it  tightly 
near  the  caecum  and  cut  it  across.  A  purse-string  suture  is  passed 
through  the  serous  and  muscular  coats  of  the  caecum  in  a  circumferential 
manner  around  the  appendix  and  about  quarter  of  an  inch  from  its  cut 
surface.  The  latter  is  now  depressed  towards  the  caecum,  the  purse- 
string  suture  is  tightened,  and  the  stump  buried. 


THE  COLON. 

The  Colon  commences  in  the  right  iliac  fossa  at  the  upper  limit  of  the  caecum  and  terminates 
opposite  the  front  of  the  body  of  the  third  sacral  vertebra,  at  which  level  it  becomes  continuous 
with  the  rectum.  Its  general  outline,  with  the  exception  of  its  terminal  stage,  may  be  said  to 
resemble  the  letter  U  reversed,  or  the  letter  M,  and  beneath  the  arch  which  it  forms  the  coils 
of  the  jejuno-ileum  and  a  portion  of  the  duodenum  are  contained  (fig.  120).  It  is  subdivided  for 
descriptive  purposes  into  different  stages,  which  will  now  be  considered  seriatim. 

The  Ascending  Colon  commences  in  the  upper  part  of  the  right, iliac  fossa,  where  it  is 
continuous  with  the  caecum,  and  terminates  beneath  the  right  lobe  of  the  liver,  by  bending  for- 
wards and  passing  into  the  transverse  colon.  As  it  ascends,  it  is  related  posteriorly  to  the  upper 
part  of  the  fascia  iliaca,  to  the  fascia  covering  the  quadratus  lumborum  muscle,  and  to  the  lower 
part  of  the  right  kidney.  By  its  inner  aspect  it  is  related  to  the  psoas  muscle  and  to  the  lower 
portion  of  the  descending  stage  of  the  duodenum.  When  empty  it  is  covered  by  the  coils  of  the 
small  intestine,  but  when  distended  it  comes  to  the  front,  and  lies  in  immediate  relationship  to- 
the  anterior  abdominal  wall.  It  measures  about  eight  inches  in  length. 

As  a  rule,  the  ascending  colon  is  not  completely  surrounded  by  peritoneum  ;  on  its  posterior 
and  inner  aspect  it  lacks  a  serous  investment  and  lies  upon  a  bed  of  fatty  and  connective  tissue, 
continuous  with  that  which  surrounds  the  kidney  and  extends  inwards  behind  the  duodenum. 
Should  the  caecum  fail  to  descend  so  as  to  reach  its  normal  level,  the  ascending  colon  will  of 
course  be  wanting. 

The  Transverse  Colon  commences  on  the  right  side,  beneath  the  liver,  where  it  is  con- 
tinuous by  a  bend  called  the  hepatic  flexure,  with  the  ascending  colon.  It  terminates  on  the  left 
side  in  another  bend,  which  from  its  position  beneath  the  spleen  is  called  the  splenic  flexure.  It 
is  continued  here  into  the  descending  colon. 

The  Hepatic  Flexure. — At  this  stage  of  its  course  the  colon  comes  forwards  and  to  the  right 
beneath  the  right  lobe  of  the  liver,  upon  which  it  leaves  a  well  marked  impression,  and  to  the  left 
of  this  it  lies  beneath  the  fundus  of  the  gall-bladder.  At  this  level  the  bowel  is  related  posteriorly 
to  the  descending  stage  of  the  duodenum,  to  which  it  is  connected  either  by  some  loose  connective 
tissue  or  by  a  short  mesenteric  fold  (fig.  127).  A  peritoneal  band  is  sometimes  found  passing 
downwards  from  the  right  extremity  of  the  gastro-hepatic  omentum  or  hepato-duodenal  ligament 
to  the  hepatic  flexure,  and  is  called  the  hepato-colic  ligament.  The  level  of  this  portion  of  the 
colon  is  liable  to  vary,  and  appears  to  be  regulated  to  a  large  extent  by  the  liver. 

The  Splenic  Flexure. — This  flexure  forms  a  comparatively  sharp  bend.  It  is  situated  behind 
the  stomach  and  in  front  of  the  left  kidney  (fig.  125).  It  is  related  above  to  the  lower  or  basal 
surface  of  the  spleen,  and  occupies  a  somewhat  higher  level  within  the  abdomen  than  the  hepatic 
flexure.  It  is  connected  to  the  diaphragm  and  anchored  in  position  by  the  phrenico-colic  ligament. 
The  basal  surface  of  the  spleen  rests  upon  the  upper  surface  of  this  ligament,  which  has  consequently 
been  called  the  sustentacuhtm  lienis.  The  transverse  colon  is  subject  to  considerable  variations 
both  as  regards  length  and  position.  Its  average  length  in  the  adult  is  about  twenty  inches, 
and  consequently,  in  order  to  accommodate  itself  to  its  surroundings,  it  is  obliged  to  assume 
a  curved  direction  between  its  two  extremities.  Two  curves  may  in  fact  be  noted,  one  directed 
from  behind  forwards,  another  from  above  downwards.  The  former  depends  upon  the  fact  that 
the  transverse  colon  is  more  deeply  placed  at  its  commencement  and  termination  than  in  its- 
middle  portion,  where  it  lies  behind  the  anterior  abdominal  wall.  The  downward  curve  is  the 
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result  of  the  length  of  the  bowel  being  greater  than  the  transverse  diameter  of  the  abdominal 
cavity.  The  part  of  the  transverse  colon  which  lies  to  the  right  of  the  middle  line  is  usually  more 
fixed,  and  is  less  liable  to  displacement  than  that  which  lies  to  the  left.  The  left  segment  is 
closely  related  to  the  greater  curvature  of  the  stomach,  and  ascends  slightly  as  it  approaches  the 
splenic  flexure.  It  appears  to  follow  the  greater  curvature  also  in  the  varying  phases  of  distension 
of  the  stomach.  When  the  latter  is  empty  and  contracted  the  transverse  colon  will  usually  be 
found  to  have  risen  upwards  so  as  to  occupy  the  anterior  part  of  the  stomach  recess,  separating 
the  stomach  from  the  abdominal  wall.  The  lower  level  of  the  transverse  colon  does  not  normally 
extend  below  the  umbilicus  ;  it  presents,  however,  a  wide  range  of  variability.  The  relations  of 
the  transverse  colon  are  as  follows.  It  is  related  above  to  the  under  surface  of  the  liver,  the 
gall-bladder,  and  the  stomach  ;  below  it  are  found  the  coils  of  the  small  intestine  ;  in  front  it  is 
covered  by  the  great  omentum,  which  separates  it  from  the  anterior  abdominal  wall ;  behind,  it 
is  related  at  its  right  extremity  to  the  descending  stage  of  the  duodenum  and  the  head  of  the 
pancreas  and  at  its  left  extremity  to  the  left  kidney  :  between  these  points  it  is  connected  to  the 
posterior  abdominal  parietes  by  its  mesentery,  the  transverse  mesocolon,  by  means  of  which  it 
receives  its  blood-vessels. 

The  transverse  Mesocolon  extends  as  a  horizontal  partition  across  the  abdominal  cavity. 
Posteriorly  its  right  and  left  extremities  are  in  relation  to  the  two  kidneys.  From  right  to  left 
its  attachment  may  be  traced  over  the  second  or  descending  stage  of  the  duodenum,  the  head 
and  anterior  border  of  the  pancreas.  In  front  it  is  attached  to  the  transverse  colon.  By  its 
upper  aspect  it  helps  to  bound  the  lesser  peritoneal  sac  (fig.  121  D)  and  is  directly  related  to  the 
stomach  (fig.  123).  Below,  it  is  superposed  over  the  mass  of  the  small  intestines.  Its  antero- 
posterior  length  is  greatest  near  the  middle  line  and  measures  here  about  five  inches.  It  has 
already  been  noted  how  this  mesenteric  fold  divides  the  abdomen  proper  into  an  upper  or 
supramesocolic  and  a  lower  or  injramesocolic  compartment. 

The  Great  Omentum.— It  has  been  shown  that  in  the  foetus  the  great  omentum  consists  of 
a  peritoneal  fold,  the  mesogaster  or  dorsal  mesentery,  which  extends  from  the  greater  curvature  of 
the  stomach  to  the  posterior  abdominal  wall,  quite  independent  of  the  colon,  and  that  as  the 
stomach  assumes  its  definite  position  within  the  abdomen,  this  fold  bulges  forwards  and  to  the 
left.  As  it  is  gradually  thrust  more  and  more  in  the  forward  direction  it  develops  into  a  bag-like 
structure.  The  open  end  of  this  pouch  is  known  later  on  as  the  foramen  of  Winslow  and  is  directed 
to  the  left.  The  closed  end  continues  to  enlarge  downwards,  until  finally  it  hangs  over  the  trans- 
verse colon  and  the  small  intestines.  The  cavity  formed  by  this  peritoneal  fold  becomes  the  lesser 
peritoneal  sac.  After  the  fourth  month  of  intrauterine  life  the  mesentery  of  the  transverse  colon 
becomes  adherent  to  the  posterior  layer  of  the  great  omentum  (fig.  121  D).  Sometimes  in  the  adult 
the  lesser  sac  continues  pervious  below  the  level  of  the  transverse  colon,  viz. ,  between  the  layers 
of  the  great  omentum.  However,  it  very  commonly  happens  that  the  lesser  sac  is  obliterated 
below  the  transverse  colon  by  the  adhesion  of  its  two  layers,  and  in  such  cases  the  great  omentum 
appears  to  spring  from  the  convexity  of  the  transverse  colon.  The  portion  of  the  great  omentum 
which  now  connects  the  greater  curvature  of  the  stomach  with  the  colon  is  called  the  gastro- 
colic  ligament. 

The  descending  Colon  extends  from  the  splenic  flexure  to  the  upper  border  of  the  iliac 
crest.  As  it  descends  it  inclines  inwards,  curving  round  the  lower  extremity  of  the  left  kidney 
(fig.  125).  Below  this  its  posterior  and  inner  aspect  lies  directly  upon  the  fascia  covering  the 
quadratus  lumborum,  but  in  the  remainder  of  its  extent  it  is  covered  by  peritoneum.  This  part 
of  the  colon  sometimes  has  a  mesentery  ;  according  to  Treves'  researches,  it  would  appear  to  exist 
in  thirty-six  per  cent,  of  individuals.  The  descending  colon  is  very  frequently  found  empty  and 
contracted  post-mortem,  and  completely  concealed  by  the  small  intestines.  It  is  more  deeply 
placed  than  the  ascending  colon,  especially  at  its  upper  extremity,  and  varies  in  length  from  four 
to  six  inches. 

That  portion  of  the  large  intestine  which  intervenes  between  the  termination  of  the  descending 
colon  and  the  commencement  of  the  rectum  has  been  variously  named  and  described  by 
various  authors.  It  extends  from  the  iliac  crest  on  the  left  side  to  the  upper  border  of  the  third 
sacral  vertebra.  As  a  rule  it  lies  for  the  most  part  in  the  cavity  of  the  pelvis,  within  which  it 
describes  one  or  more  flexuosities  according  to  its  length.  The  part  which  traverses  the  iliac 
fossa  is  called  the  iliac  colon,  and  the  remaining  portion,  lodged  within  the  pelvis,  is  called  the 
pelvic  colon  (Jonnesco). 

The  Iliac  Colon  extends  from  the  iliac  crest  to  the  inner  border  of  the  psoas  muscle.  It 
usually  crosses  this  muscle  midway  between  Poupart's  ligament  and  the  spine  ;  it  may,  however, 
lie  more  internally,  near  the  sacro-iliac  articulation  or  further  out,  close  to  Poupart's  ligament.  It 
rests  behind  on  the  fascia  covering  the  iliacus  and  psoas  muscles,  and  is  covered  in  front  and 
laterally  by  peritoneum.  In  some  cases  it  possesses  a  short  mesentery.  When  distended  it  pushes 
aside  the  coils  of  the  small  intestine,  and  lies  in  immediate  relationship  to  the  anterior  abdominal 
wall ;  on  an  average  it  attains  a  length  of  five  or  six  inches. 

The  Pelvic  Colon,  as  contrasted  with  the  previous  portion,  forms  a  mobile  loop  attached  by  a 
mesentery  (fig.  132).  When  empty  or  even  moderately  distended  it  usually  occupies  the  cavity 
of  the  pelvis  (fig.  122).  In  length  it  varies  a  good  deal  in  different  subjects.  Normally  about 
seventeen  inches,  it  may  attain  a  length  of  two  feet  or  even  more.  Its  direction  in  the  pelvis 
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mainly  depends  upon  its  length.  As  a  rule,  it  descends  vertically  along  the  left  pelvic  wall,  and 
crosses  the  pelvic  floor  from  left  to  right.  Having  gained  the  middle  line  it  curves  down- 
wards and  becomes  continuous  with  the  rectum,  the  junction  between  the  two  sometimes  being 
very  narrow.  Should  the  loop  be  unusually  long,  it  may  form  several  bends  within  the  pelvis. 
It  is  related  behind  to  the  sacrum  ;  in  front,  to  the  bladder  in  the  male,  to  the  uterus  and  broad 
ligaments  in  the  female.  It  is  overlaid  by  the  coils  of  the  small  intestine. 

Its  outward  appearance  as  well  as  that  of  the  iliac  colon  differs  somewhat  from  the  other 
portions  of  the  large  intestine.  Its  surface  is  more  uniform,  owing  to  the  fact  that  its  sacculi  are 
very  feebly  developed.  The  longitudinal  muscular  tissue  tends  to  spread  more  uniformly  over 
the  tube,  but  is  most  accentuated  in  front  and  behind. 

The  Mesentery  of  the  Pelvic  Colon,  when  examined  at  its  parietal  attachment,  is  found  to 
consist  of  two  parts  which  meet  at  an  angle  (fig.  132).  The  first  or  ascending  part  is  directed 

Intersigmoid  Fossa. 
Pelvic  Colon. 
|  Mesentery  of  the  Pelvic  Colon. 

Descending  Colon. 


i  Iliac  Colon. 

Plica  Terminalis. 
Deep  Epigastric  Artery. 

Obliterated  Hypogastric  Artery. 
Urachus. 

FIG.  132. — The  iliac  and  pelvic  segments  of  the  colon.  The  bladder  is  seen  in  its  fully  dis- 
tended condition,  and  is  observed  to  occupy  the  greater  part  of  the  pelvic  cavity.  Compare 
the  colon  in  this  figure  with  that  represented  in  fig.  122.  The  caecum,  which  was  obscured 
by  adhesions,  the  result  of  old  perityphlitis,  has  been  removed. 

obliquely  upwards  and  inwards  close  alongside  the  inner  border  of  the  psoas,  and  outside  the 
external  iliac  vessels,  crossing  the  left  spermatic  vessels  and  the  ureter.  Having  ascended  for  a 
variable  distance — not  infrequently  to  a  point  just  above  the  bifurcation  of  the  common  iliac 
artery — it  bends,  forming  an  angle  which  looks  downwards  and  outwards.  The  descending  limb 
follows  the  middle  line  as  it  passes  downwards  along  the  concavity  of  the  sacrum,  or  it  may  lie  a 
little  to  one  or  other  side,  and  ends  opposite  the  third  sacral  vertebra.  The  length  of  this 
mesentery  varies  ;  its  longest  part  is  that  which  is  attached  to  the  summit  of  the  loop,  and 
measures  about  five  or  six  inches,  but  it  may  be  considerably  longer.  The  sigmoid  arteries,  derived 
from  the  inferior  mesenteric,  run  between  its  two  layers  to  supply  the  gut,  and  the  superior 
hsemorrhoidal  artery,  which  is  mainly  destined  for  the  rectum,  runs  downwards  in  the  descending 
limb  of  the  mesentery. 

The  Intersigmoid  Fossa  (fig.  132)  is  the  name  applied  to  a  small  funnel-shaped  pouch  which 
is  very  constantly  present  at  the  root  of  the  mesentery,  at  the  junction  of  its  two  limbs.    Its  orifice 
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looks  downwards  and  to  the  left,  and  is  situated  in  front  of  the  bifurcation  of  the  left  common 
iliac  artery  and  the  left  ureter.  The  depth  of  the  fossa  varies ;  it  is  surrounded  by  the  divisions 
of  the  sigmoid  artery. 

The  Colon. — In  contrast  with  the  small  intestine,  the  colon  is  much 
shorter,  not  more  than  a  quarter  of  its  length  as  a  rule.  The  colon 
also  is  more  fixed ;  two  of  its  subdivisions,  however,  viz.,  the  transverse 
colon  and  the  pelvic  colon,  are  suspended  by  mesenteric  folds  and  enjoy 
a  variable  range  of  mobility.  As  the  result  of  its  fixity,  its  position  is 
on  the  whole  much  more  constant  than  that  of  the  small  intestine. 

The  capacity  of  the  colon  is  greatest  at  its  commencement  and 
diminishes  gradually  from  this  to  its  termination.  From  having  a 
diameter  of  two  or  two  and  a  half  inches  at  its  caecal  extremity,  it  may 
narrow  down  to  less  than  one  inch  at  its  junction  with  the  rectum,  which 
is  usually  the  narrowest  point.  The  capacity  of  the  colon,  however,  is 
subject  to  very  great  variations.  When  empty  and  contracted  its 
dimensions  may  not  exceed  that  of  the  thumb,  but  when  distended  it 
is  capable  of  assuming  enormous  proportions,  especially  when  this  is 
brought  about  as  the  result  of  pathological  causes  such  as  a  simple  or 
malignant  stricture  situated  in  its  distal  extremity  or  in  the  rectum. 

The  external  appearances  of  the  large  intestine  differ  in  a  very 
decided  manner  from  those  presented  by  the  small  intestine,  and  it  is 
important  that  they  should  be  clearly  understood.  The  principal 
differentiating  features  are  as  follows :  the  large  intestine  possesses 
three  longitudinal  muscular  bands  or  taeniae,  which  are  plainly  discernible 
over  the  greater  part  of  its  extent.  Owing  to  the  way  in  which  these 
shorten  the  bowel,  the  latter  presents  a  series  of  pouches  or  sacculi, 
separated  by  a  series  of  transversely  arranged  furrows.  In  addition 
there  are  attached  to  the  outer  serous  layer  of  the  colon  numbers  of 
pedunculated  bodies  called  appendices  epiploica,  which  sometimes  attain 
considerable  dimensions  from  the  accumulation  of  fat  in  their  interior.  If 
these  characteristic  appearances  are  borne  in  mind,  it  is  usually  an  easy 
matter  to  decide  whether  a  given  loop  of  intestine  belongs  to  the  colon 
or  to  the  jejuno-ileum. 

The  relationships  of  the  ascending  and  descending  colon  to  the  right 
and  left  kidneys  is  maintained  in  the  various  forms  of  enlargement  which 
the  latter  undergo,  and  this  explains  why  a  resonant  note  is  usually 
obtained  on  percussion  over  renal  tumours.  Abscesses  originating  in  the 
kidney  have  been  known  to  discharge  their  contents  into  the  colon. 
The  latter  is  sometimes  found  unusually  adherent  over  the  anterior 
aspect  of  a  pathologically  enlarged  kidney,  and  consequently  runs  great 
risk  of  being  wounded  in  the  operation  of  nephrectomy.  The  direct 
relationship  of  the  hepatic  flexure  to  the  under  surface  of  the  right  lobe 
of  the  liver  and  gall-bladder  (fig.  123)  has  already  been  noted  in  con- 
nection with  the  applied  anatomy  of  the  liver  and  biliary  passages. 
Adhesions  are  frequently  found  between  the  liver  or  gall-bladder  and 
the  adjoining  surface  of  the  colon.  Gall-stones  have  been  known  to 
ulcerate  into  the  colon,  adhesions  having  previously  formed,  and  a 
liver  abscess  also  may  discharge  its  contents  into  this  portion  of  the 
intestine. 

The  length  and  direction  of  the  Transverse  Colon  are  subject  to 
very  great  variations.  In  what  may  be  termed  the  normal  arrangement, 


492  APPLIED  ANATOMY 

this  portion  of  the  colon  crosses  the  abdominal  cavity  from  right  to  left, 
above  the  level  of  the  umbilicus,  with  a  gentle  downward  sweep  which 
is  most  accentuated  to  the  left  of  the  middle  line  where  it  lies  below  the 
greater  curvature  of  the  stomach  and  behind  the  anterior  abdominal  wall. 
Many  and  varied  circumstances,  however,  conspire  to  alter  its  position 
and  to  cause  it  to  become  temporarily  or  permanently  displaced.    Chronic 
constipation,  which  leads  to  frequently  repeated  distension  of  the  trans- 
verse colon  with  solid  masses  of  faeces,  tends  to  make  it  assume  an  abnor- 
mally low  level,  its  central  part  presenting  a  U-  or  V-shaped  bend,  the 
summit  of  which  may  even  reach  the  pelvis.    In  some  cases  the  transverse 
colon  is  found  to  commence  low  down  on  the  right  side  close  to  the 
caecum,  and  to  end  on  the  left  side  in  the  iliac  region  by  joining  the  iliac 
colon,  from  which  it  would  appear  that  the  elongation  of  the  transverse 
colon,  occasionally  at  all  events,  takes  place  at  the  expense  of  the  ascend- 
ing and  descending  colon.    When  distended  with  gas  the  transverse  colon 
occupies  a  large  part  of  the  upper  abdominal  region  ;  it  may  and  does 
frequently  mount  upwards  in  front  of  the  stomach,  so  as  to  lie  between  it 
and  the  anterior  abdominal  wall,  or  force  its  way  in  front  of  the  liver, 
and  prove  a  source  of  difficulty  in  diagnosis,  in  consequence  of  affording 
a  resonant  note  on  percussion  over  the  liver  area.     It  has  already  been 
observed  that  the   condition    of  the   stomach  as  regards  distension  or 
emptiness  has  a  large  share  in  determining  the  position  of  the  transverse 
colon  at  the  left  of  the  middle  line  (p.  437).     When  the  stomach  is  dis- 
tended the  transverse  colon  travels  in  a  downward  direction  in  advance 
of  the  greater  curvature,  and  when  the  stomach  contracts  the  colon  rises 
to  a  higher  level  and  follows  the  receding  viscus  beneath  the  liver  and 
diaphragm,  lying  between   it   and   the   anterior   abdominal   wall — (see 
Gastrostomy}.     Displacement   of  the   transverse  colon  in    a   downward 
direction    is   no   doubt  facilitated  when  its  length  exceeds  the  normal 
limits.     Tight  lacing  has  the  effect  of  narrowing  to  an  extreme  degree 
the  capacity  of  the  abdominal  cavity  from  side  to  side,  and  consequently 
it  will  have   a  tendency  to  make  the  transverse  colon  assume   a   very 
decided  V-shaped  bend.     In  cases  of  enteroptosis,  the  transverse  colon,  in 
common  with  other  portions  of  the  intestine,  attains  an  abnormally  low 
level  and  may  occupy  the  pelvic  cavity  ;  a  pendulous  colon   too  may 
acquire  adhesions  within  the  pelvis,  especially  in  female  subjects,  to  the 
uterus,  ovaries,  or  Fallopian  tubes,  in  which  parts  attacks  of  localised 
peritonitis  are  not  uncommon.     Such  adhesions  have  been  known  to- 
cause  a  sharp  angular  bend  or  kinking  of  the  gut,  of  sufficient  degree 
to  obstruct  the  passage  of  its  contents.      An  abnormally  long  trans- 
verse  colon    may    enter    the    sac    of    an   inguinal   or   femoral    hernia, 
especially  on  the  left  side.      It   is   also   liable   to   enter   an   umbilical 
hernia  of  the  acquired  variety,  as  the  hernial  orifice  here  is  in  more 
immediate  relationship  to  the  region  which  the  transverse  colon  normally 
occupies. 

From  its  superficial  position  and  close  proximity  to  the  anterior 
abdominal  wall,  the  transverse  colon,  with  the  exception  of  its  right  and 
left  flexures,  is  accessible  to  palpation.  The  passage  of  an  ileo-caecal 
intussusception  can  sometimes  be  watched  as  it  travels  along  it  from 
right  to  left ;  collections  of  faecal  matter  also  can  occasionally  be  palpated 
and  recognised  by  their  soft,  doughy  consistency. 
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When  the  transverse  colon  is  so  long  that  it  hangs  down  as  a 
dependent  loop,  and  provided  that  the  hepatic  and  splenic  flexures  retain 
their  normal  level,  the  right  limb  of  the  loop  may  lie  close  alongside  or 
adhere  to  the  ascending  colon,  or  the  left  limb  may  be  applied  in  a 
similar  manner  to  the  descending  colon.  This  abnormal  relationship  is 
sometimes  alluded  to  under  the  name  of  ' double-barrelled  colon'  Sharp 
bends  at  the  flexures,  and  more  especially  at  the  left  side,  where  the 
bowel  is  held  tightly  in  contact  with  the  diaphragm  by  the  phrenico-colic 
ligament,  may  succeed  in  causing  mechanical  obstruction  of  the  intestine. 
The  summit  of  the  arch  formed  by  the  transverse  colon  may  hang  down 
so  as  to  overlie  the  iliac  and  pelvic  colon.  This  relationship  has  been 
known  to  cause  considerable  confusion  in  certain  abdominal  operations, 
and  has  resulted  in  the  transverse  being  taken  for  the  pelvic  colon  in 
the  operation  of  inguinal  colostomy,  and  opened  by  mistake. 

In  some  individuals  who  suffer  from  chronic  constipation,  pain  is 
referred  to  the  scapular  region  on  the  left  side.  An  attempt  has  been 
made  to  explain  this  symptom  on  anatomical  grounds  as  follows :  the 
descending  colon  becoming  distended  with  solid  masses  of  faeces, 
exercises  traction  upon  the  phrenico-colic  ligament  From  the  diaphragm 
sensory  impressions  are  conveyed  along  the  left  phrenic  nerve  up  to  the 
cervical  region  of  the  cord,  and  referred  to  the  area  supplied  by  the 
descending  supra-acromial  nerves. 

The  Great  Omentum  has  already  been  described,  and  the  ways  in 
which  its  relationships  become  modified  between  foetal  and  adult  life 
have  been  briefly  indicated.  When  its  lower  border  reaches  into  the 
pelvis,  it  is  liable  to  acquire  inflammatory  adhesions  to  some  of  the  con- 
tained viscera,  to  the  parietal  peritoneum  in  the  vicinity  of  the  hernial 
orifices,  or  in  the  caecal  region  following  an  attack  of  appendicitis. 
Fixed,  then,  at  its  upper  and  lower  extremities,  it  forms  a  band  against 
which  the  intestinal  coils  glide  backwards  and  forwards  in  their  peristaltic 
movements,  gradually  moulding  it  into  a  rounded  or  rope-like  structure, 
the  so-called  omental  cord.  Such  an  arrangement  is  a  constant  menace 
to  the  individual,  because  at  any  moment  a  loop  of  gut  may  become 
entwined  around  this  cord,  and  an  acute  internal  strangulation  result. 

The  great  omentum  frequently  enters  the  sac  of  a  femoral,  inguinal, 
or  umbilical  hernia,  and  may  subsequently  adhere  to  its  interior  and 
become  irreducible.  Such  prolapsed  masses  of  omentum  are  apt  to 
increase  very  considerably  in  size  owing  to  obstructed  venous  return 
and  chronic  oedema,  brought  about  by  the  constricting  influence  to 
which  they  are  subjected  at  the  neck  of  the  sac. 

Obstruction  of  the  Large  Intestine  may  be  due  to  many  different 
causes ;  the  more  common,  however,  are  a  faecal  accumulation,  strictures 
of  various  kinds,  and  tumours  compressing  the  bowel.  Pressure  from 
outside  is  particularly  liable  to  affect  the  rectum,  as  it  is  the  most  fixed 
portion  of  the  large  intestine,  and  is  easily  encroached  upon  by  certain 
tumours  originating  within  the  pelvis.  Both  the  simple  and  cancerous 
varieties  of  stricture  are  more  liable  to  affect  the  large  than  the  small 
intestine.  The  former  are  probably  due  in  most  cases  to  cicatrisation 
of  dysenteric  or  syphilitic  ulcers,  and  are  usually  situated  in  the  terminal 
stages  of  the  colon  or  in  the  rectum.  The  cancerous  form  of  stricture, 
however,  is  by  far  the  most  common.  The  mode  of  origin  of  intestinal 
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cancer  has  already  been  described,  also  its  tendency  to  surround  the 
tube  and  the  directions  in  which  metastases  are  liable  to  spread.  It 
would  appear,  however,  that  the  glands  which  receive  the  lymphatics 
coming  from  the  large  intestine  are  slow  to  be  involved  when  cancer 
affects  this  portion  of  the  digestive  tube.  A  stricture  will  more  rapidly 
make  its  presence  felt  in  the  large  than  in  the  small  intestine,  as  the 
contents  of  the  latter  are  more  fluid  in  character  and  pass  more  readily 
through  a  narrow  channel  than  in  the  large  intestine,  where  the  faeces 
have  acquired  a  solid  consistency. 

Colostomy,  or  as  it  is  sometimes  improperly  termed  colotomy,  has 
for  its  object  the  formation  of  an  artificial  anus  in  communication  with 
the  colon  in  some  part  of  its  course.  The  majority  of  the  cases  which 
call  for  this  operation  are  those  in  which  the  colon  or  rectum  is  subjected 
to  chronic  and  irremovable  obstruction.  It  is  also  performed  to  relieve 
obstruction  in  cases  of  imperforate  anus,  or  as  a  palliative  measure  in 
cases  of  vesico-intestinal  fistula,  where  the  solid  and  gaseous  contents  of 
the  bowel  enter  the  bladder,  causing  a  train  of  very  distressing 
symptoms.  Colostomy  is  sometimes  performed  also  as  a  curative 
measure  in  certain  forms  of  intestinal  ulceration  in  which  the  process 
is  prolonged  by  the  passage  of  the  irritating  contents  of  the  bowel  over 
the  inflamed  surface. 

There  are  two  forms  of  colostomy.  In  one,  the  bowel  (ascending  or 
descending  colon)  is  reached  from  behind,  the  object  being  to  expose  it 
where  its  peritoneal  investment  is  deficient ;  this  is  called  lumbar  or 
retroperitoneal  colostomy.  In  the  other  form  the  abd6men  is  opened  in 
front,  either  in  the  right  or  left  iliac  region,  usually  the  latter,  and  a  piece 
of  colon  is  drawn  out  and  fixed  in  the  wound.  This  operation  is 
commonly  known  as  transperitoneal  or  inguinal  colostomy. 

Lumbar  Colostomy. — The  incision  employed  to  reach  the  colon  in 
this  operation  has  already  been  described  (p.  395),  and  is  that  which 
is  usually  associated  with  the  name  of  Bryant.  The  retroperitoneal 
aspect  of  the  colon  is  directed  slightly  inwards  as  well  as  backwards, 
and  will  usually  be  found  in  the  angular  interval  between  the  psoas  and 
quadratus  lumborum  muscles.  Its  detection  is  much  facilitated  when 
the  colon  is  distended,  as  is  very  usually  the  case  when  obstruction 
exists.  Distension,  too,  has  the  effect  of  increasing  the  extent  of  the 
retroperitoneal  surface  of  the  bowel.  On  being  exposed,  this  latter  is 
drawn  by  gentle  traction  into  the  wound  and  fixed  there,  and  if  the 
indications  to  relieve  the  obstruction  are  urgent,  it  is  opened  imme- 
diately, otherwise  an  interval  of  a  few  days  is  allowed  to  elapse  before 
this  stage  of  the  operation  is  undertaken  (operation  a  deux  temps). 

In  detailing  the  steps  of  lumbar  colostomy  it  has  been  assumed  that 
the  posterior  aspect  of  the  colon  is  uncovered  by  peritoneum  ;  however, 
this  is  by  no  means  constantly  the  case.  The  ascending  and  descending 
colon  may  retain  their  original  form  of  connection  with  the  posterior 
abdominal  wall  by  means  of  mesenteric  folds  (see  p.  431),  and  it  would 
appear  in  some  cases  as  if  a  small  portion  of  the  mesentery  of  each,  close 
to  the  gut,  still  remained.  Treves,  as  the  result  of  his  investigations  on 
this  point,  found  the  ascending  colon  possessed  of  a  mesentery  in  twenty- 
six  per  cent,  and  the  descending  colon  in  thirty-six  per  cent,  of  the  cases 
examined.  A  lumbar  colostomy  may  be  quite  impossible  on  the  right 
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side,  as  the  ascending  colon  is  sometimes  absent  through  failure  of  the 
caecum  to  descend  into  the  right  iliac  fossa.  The  duodenum  may 
possibly  be  exposed  and  opened  in  mistake,  for  the  colon,  on  the  right 
side,  at  its  second  stage  sometimes  passes  outwards  to  an  abnormal 
extent,  so  as  to  lie  between  the  colon  and  the  parietes. 

Inguinal  Colostomy  is  usually  performed  nowadays  in  preference  to 
the  lumbar  operation.  It  is  much  easier,  it  can  be  more  quickly  per- 
formed, there  is  much  less  risk  incurred  of  securing  a  piece  of  bowel  at 
the  distal  side  of  the  obstruction  than  in  the  lumbar  operation,  and  the 
abdominal  wall  is  incised  at  the  point  where  it  is  comparatively  thin. 
Different  forms  of  parietal  incision  have  been  advocated  by  different 
operators.  The  author  commonly  employs  one  from  two  to  three 
inches  in  length  in  the  semilunar  line,  and  which  is  so  arranged  that  its 
lower  extremity  does  not  involve  the  deep  epigastric  artery.  Some 
prefer  an  incision  very  similar  in  its  main  features  to  that  advocated  by 
MacBurney  for  reaching  and  removing  the  appendix  (p.  486).  The  object 
in  making  a  wound  after  this  manner  is  to  bring  about  a  modified  state 
of  sphincteric  control  over  the  artificial  anus.  The  principal  features  by 
which  the  colon  is  recognised  have  been  given  above.  The  particular 
portion  which  is  brought  up  and  fixed  in  the  wound  is  usually  the 
commencement  of  the  pelvic  colon,  and  it  should  be  situated  as  near  as 
possible  to  the  fixed  iliac  portion,  which  will  usually  be  found  without 
difficulty  by  carrying  the  finger  inwards  along  the  pelvic  brim  until  it  is 
arrested  by  the  mesenteric  attachment  of  the  bowel.  The  object  of  this 
precaution  is  to  avoid  prolapse  subsequently  taking  place  at  the  site  of 
the  artificial  anus,  which  would  be  very  likely  to  happen  were  a  mobile 
loop  of  the  colon  left  on  the  proximal  side  of  the  opening. 

As  in  the  case  of  lumbar  colostomy,  the  entire  operation  may  be 
completed  in  one  stage,  but  usually,  unless  the  symptoms  are  urgent,  the 
opening  of  the  gut  is  postponed  for  some  days. 

Both  inguinal  and  lumbar  colostomy  are  performed  much  more 
frequently  upon  the  left  than  upon  the  right  side,  as  strictures  are 
so  much  more  common  at  the  terminal  extremity  of  the  colon  and  in 
the  rectum  than  elsewhere.  It  is  here,  too,  that  vesico-intestinal  fistulae 
are  usually  situated,  and  that  congenital  defects  of  the  intestine  are 
nearly  always  found. 

Colectomy,  or  resection  of  a  portion  of  the  large  intestine,  is  sometimes 
required  in  cases  of  disease  or  injury.  The  site  of  incision  in  the  parietes 
will  depend  upon  the  part  of  the  bowel  affected.  An  incision  in  the 
right  or  left  semilunar  line  will  give  good  access  to  the  ascending  or 
descending  colon  respectively,  and  if  an  extra  large  amount  of  room  is 
required,  a  second  incision  may  be  carried  outwards  for  a  variable 
distance  into  the  loin  in  a  transverse  direction,  thus  converting  the 
original  incision  upon  either  side  into  one  with  a  T-shaped  outline.  The 
greater  portion  of  the  transverse  colon  can  be  satisfactorily  reached  by  a 
median  incision  above  the  umbilicus.  The  pelvic  colon,  where  the 
conditions  necessitating  this  operation  are  perhaps  most  frequently  found, 
is  usually  exposed  by  an  incision  commencing  above  the  outer  half  of 
Poupart's  ligament  on  the  left  side,  and  extending  outwards  and  slightly 
backwards  for  about  four  inches,  or  the  parietal  incision  in  this  case 
may  be  made  in  the  semilunar  line  low  down,  where,  in  addition  to  the 
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aponeuroses  of  the  flat  abdominal  muscles  and  some  of  the  lower  inter- 
costal nerves,  the  deep  epigastric  artery  will  be  divided. 

When  the  cavity  of  the  abdomen  is  opened,  the  diseased  portion  of 
the  intestine  is  drawn  outwards  as  far  as  possible  into  the  parietal  wound, 
and  its  removal  is  effected  in  a  manner  similar  to  that  already  described 
under  the  heading  of  Enterectomy.  For  fuller  surgical  details,  the  reader 
must  consult  one  of  the  standard  works  on  operative  surgery. 

The  Pelvic  Colon,  or  as  it  is  very  commonly  called  the  '  sigmoid 
colon'  or  the  ' omega  loop'  of  Treves,  has  been  described  as  usually 
occupying  the  pelvic  cavity,  yet  its  position  is  liable  to  alter  very 
considerably  from  time  to  time  under  the  influence  of  different  agencies. 
Fixed  at  both  extremities,  and  suspended  by  its  mesentery,  it  has  a  fairly 
wide  range  of  mobility,  and  instead  of  remaining  within  the  pelvis  it  may 
assume  an  abdominal  position  and  curve  upwards  in  such  a  way  as  to 
lie  in  front  and  to  the  inner  side  of  the  iliac  colon,  the  two  portions  of 
the  colon  when  viewed  together  under  such  circumstances  presenting  an 
outline  closely  resembling  the  letter  CO-  Distension  of  the  bladder  or 
enlargement  of  the  uterus  in  pregnancy  will  of  necessity  force  the  pelvic 
colon  upwards  into  the  abdominal  cavity.  This  segment  of  the  bowel 
is  capable  of  attaining  enormous  dimensions  when  distended  in  con- 
sequence of  obstruction  in  the  rectum  for  instance,  or  as  the  result  of 
chronic  constipation.  It  may  even  mount  as  high  as  the  liver  upon 
the  right  side,  and  compress  the  diaphragm  to  such  an  extent  as  to 
cause  severe  dyspnoea  and  distressing  cardiac  palpitation  ;  it  may  also 
injuriously  compress  the  stomach.  The  dilated  loop"  formed  by  the 
pelvic  colon  has  been  found  in  some  instances  folded  upon  itself  in 
such  a  way  as  to  resemble  two  enormous  sacs  placed  side  by  side. 

Volvulus  is  the  term  which  is  employed  to  denote  certain  forms  of 
twisting  of  the  intestine.  Two  main  varieties  are  recognised :  in  one 
the  bowel  is  twisted  around  its  mesenteric  axis,  and  this  is  much  the 
commoner ;  in  the  other  a  coil  of  intestine  is  entwined  around  some 
neighbouring  coil.  The  pelvic  colon  is  the  portion  of  intestine  most 
frequently  the  seat  of  volvulus,  as  it  is  here  that  the  conditions  which 
predispose  to  twisting  of  the  gut  are  most  favourable.  The  loop  of 
intestine  which  constitutes  the  pelvic  colon,  as  already  stated,  varies  a 
good  deal  in  length  in  the  adult ;  its  extremities  also,  which  are 
respectively  situated  at  the  inner  margin  of  the  psoas  and  in  front  of 
the  third  sacral  vertebra,  are  comparatively  close  to  each  other,  the 
intervening  distance  being  about  three  inches  on  an  average,  and  this 
gap  may  still  further  diminish  as  the  result  of  traction  exercised  upon 
the  mesentery  by  the  loaded  condition  of  the  bowel,  which  is  of  such 
frequent  occurrence  in  cases  of  chronic  constipation.  Under  such  con- 
ditions too  the  mesentery  elongates  to  a  very  considerable  extent. 
When  such  a  state  of  affairs  comes  about,  viz.,  a  long  loop  of  intestine 
attached  by  a  long  mesentery  and  with  a  narrow  pedicle,  a  twist  may 
readily  take  place,  either  as  the  result  of  a  sudden  peristaltic  effort  or  in 
consequence  of  unequal  distension  of  the  loop,  one  limb  of  which  being 
loaded  falls  by  its  weight  over  the  other  (Treves).  Following  the  twist, 
the  bowel  becomes  obstructed  by  the  mutual  pressure  of  the  two  ends 
of  the  loop,  and  its  vessels  are  constricted  where  they  enter  at  the  root 
of  the  mesentery.  At  first  the  venous  return  is  obstructed,  with  the 
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result  that  the  twisted  loop  becomes  greatly  swollen  and  cedematous  and 
assumes  a  dark  livid  hue.  Subsequently  the  arterial  flow  is  arrested 
also,  and  should  the  constriction  of  the  vessels  remain  unrelieved, 
gangrene  of  the  loop  will  inevitably  follow.  While  these  vascular 
changes  are  going  on  the  interior  of  the  bowel  becomes  greatly  distended 
by  gas,  so  that  it  rises  up  gradually  beyond  the  limits  of  the  iliac  region 
and  may  fill  the  greater  part  of  the  abdominal  cavity,  coming  into 
contact  with  the  liver  and  compressing  the  diaphragm.  Unless  treated 
in  its  early  stages  by  operative  measures,  the  essential  points  of  which 
are  to  incise  and  empty  the  distended  coil  and  subsequently  rectify  the 
twist,  a  volvulus  will  inevitably  lead  to  a  fatal  termination,  as  it  shows 
no  tendency  to  undergo  a  spontaneous  cure. 


THE  RETROPERITONEAL   REGION. 

The  abdominal  wall  has  already  been  studied  in  the  greater  part  of  its  extent ;  that  portion 
of  it,  however,  which  corresponds  to  the  hollow  on  each  side  of  the  lumbar  spine  and  the  iliac  fossae 
remains  for  consideration.  The  principal  structures  to  be  noted  here  are  the  retroperitoneal 
tissue,  the  psoas  and  iliacus  muscles  with  their  investing  fasciae,  the  kidneys,  the  suprarenal 
capsules,  and  the  two  ureters. 

The  Lumbar  Region  extends  from  the  level  of  the  twelfth  dorsal  vertebra  and  the 
twelfth  rib  above  to  that  of  the  base  of  the  sacrum,  the  ilio-lumbar  ligament  and  the  iliac  crest 
below.  Its  outer  limit  on  each  side  is  indicated  superficially  by  a  groove  directed  vertically 
between  the  erector  spinse  and  the  flat  abdominal  muscles.  Viewed  from  its  abdominal  aspect, 
the  overlying  parts  having  been  removed,  its  outer  limit  will  be  seen  to  correspond  to  the  margin  of 
the  quadratus  lumborum  muscle.  The  floor  of  the  space  is  formed  by  the  last  named  muscle  and 
the  psoas  and  extends  from  the  ligamenta  arcuata  above  to  the  level  of  the  ilio-lumbar  ligament 
below.  Each  of  these  muscles  has  a  distinct  fascial  covering.  That  of  the  quadratus  lumborum  is 
•derived  from  the  lumbar  aponeurosis  (anterior  lamina) ;  that  which  overlies  the  psoas  is  directly 
continuous  below  with  the  fascia  which  covers  the  iliacus  muscle,  it  fuses  above  with  the 
ligamentum  arcuatum  internum,  externally  it  is  attached  to  the  fascia  of  the  quadratus  lumborum, 
internally  to  the  lumbar  vertebrae,  and  here  it  forms  a  series  of  arches,  beneath  which  pass  the 
lumbar  arteries.  These  fascial  layers  are  overlaid  by  a  varying  amount  of  loose  fatty  tissue  which 
is  intersected  by  delicate  fibrous  septa  and  fills  up  the  interstices  between  the  muscles  ;  it  furnishes 
a  soft  pliable  bed  also  for  the  superjacent  viscera,  viz.,  the  kidney,  ascending  colon,  and  duodenum 
on  the  right  side,  the  kidney  and  descending  colon  on  the  left  side.  This  retroperitoneal  tissue 
is  traversed  by  the  ureters,  the  spermatic  vessels  in  the  male,  the  ovarian  in  the  female,  also  the 
renal  and  colic  vessels  ;  internally  it  abuts  against  the  inferior  vena  cava  on  the  right  side,  the 
aorta  on  the  left.  That  portion  of  it  which  encases  the  kidney  (fascia  renalis}  is  described  in 
fuller  detail  below  (p.  499). 

The  Iliac  Fossa  is  limited  externally  by  the  iliac  crest,  above  and  behind  by  the  crest  and 
the  ilio-lumbar  ligament,  internally  by  the  brim  of  the  pelvis,  and  in  front  by  Poupart's  ligament. 
On  the  right  side  it  lodges  the  caecum  and  the  appendix,  on  the  left  side  the  iliac  colon,  sometimes 
part  of  the  pelvic  colon,  and  on  both  sides,  except  when  the  large  intestine  is  greatly  distended, 
coils  of  the  small  intestine.  Each  fossa  is  overlaid  by  the  peritoneum,  beneath  which  is  a 
layer  of  loose  retroperitoneal  tissue,  directly  continuous  with  that  of  the  adjoining  regions,  viz., 
the  anterior  and  lateral  aspects  of  the  abdominal  wall  in  front  and  at  the  side,  the  lumbar  region 
above,  and  the  pelvis  internally.  It  is  also  continuous  with  the  connective  tissue  of  the 
spermatic  cord  and  with  that  which  surrounds  the  iliac  vessels  as  they  enter  the  femoral  sheath. 
Within  the  subperitoneal  tissue  of  the  iliac  fossa  are  found,  in  addition  to  the  iliac  vessels, 
the  genito-crural  nerve,  the  ureter,  the  spermatic  or  ovarian  vessels,  and  the  iliac  lymphatic 
glands. 

The  Fascia  Iliaca. — The  iliacus  muscle  lies  beneath  the  retroperitoneal  tissue,  but  is  sepa- 
rated from  it  by  the/ascta  iliaca.  This  fascia  is  attached  externally  to  the  inner  lip  of  the  iliac 
crest,  behind  also  to  the  crest  and  to  the  ilio-lumbar  ligament,  but  inside  this  it  is  continued 
upwards  over  the  psoas.  Internally  it  is  attached  to  the  brim  of  the  pelvis  at  the  inner  border  of 
the  psoas  muscle,  while  below  and  in  front  it  adheres  to  the  deep  aspect  of  Poupart's  ligament 
in  its  outer  half,  and  along  this  line  it  fuses  with  the  transversalis  fascia  (see  p.  387).  At  the 
level  of  the  iliac  vessels  these  two  layers  separate,  the  fascia  transversalis  going  in  front,  the 
fascia  iliaca  behind,  and  form  the  femoral  sheath.  The  fascia  iliaca  is  attached  also  by  its 
deep  aspect  to  the  ilio-pectineal  eminence,  and  helps  to  bound  an  elliptical-shaped  opening 
beneath  Poupart's  ligament  for  the  ilio-psoas  muscle  and  the  anterior  crural  nerve  (lacuna 
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musculorum).  It  will  be  seen  therefore  that  there  is  a  well  defined  osteo-aponeurotic  compart- 
ment between  the  fascia  iliaca  and  the  bone  which  is  shut  off  internally  from  the  pelvic  cavity, 
but  is  continuous  above  with  the  fascial  compartment  of  the  psoas,  and  communicates  below 
with  the  deep  region  of  the  thigh  through  the  aperture  just  mentioned  beneath  Poupart's 
ligament.  The  fascia  iliaca  is  usually  weak  at  its  upper  part,  but  increases  in  strength  as  it 
approaches  Poupart's  ligament,  and  is  considerably  strengthened  at  this  level  by  an  accession  of 
tendinous  fibres  from  the  psoas  parvus  when  this  muscle  is  present. 

Beneath  the  fascia  iliaca  there  is  a  free  anastomosis  between  branches  of  the  ilio-lumbar 
(internal  iliac]  and  deep  circumflex  iliac  arteries  (external  iliac). 

Iliac  Abscesses. — The  preceding  account  of  the  lumbar  and  iliac 
regions  is  mainly  of  interest  in  view  of  the  light  which  it  throws  upon  the 
development  of  certain  forms  of  abscess  and  their  possible  modes  of  ex- 
tension. It  will  be  evident  also  that  there  are  two  available  sites  for 
pus  collections  here,  viz.,  within  the  retroperitoneal  tissue  and  beneath 
the  fascia  iliaca. 

(1)  Retroperitoneal  Abscess. — The  more  common  sources  of  suppura- 
tion in  this  district  are  the  caecum  and  appendix,  a  perinephric  abscess 
extending  downwards,  an  inflamed  lymphatic  gland,  extension  from  a 
pelvic  abscess  which  may  have  originated  in  the  cellular  tissue  of  the 
broad  ligament  of  the  uterus  (parametritis)  or  in  the  perirectal  tissue. 
The  laxity  of  its  surroundings  enables  a  retroperitoneal  abscess  to  spread 
with  considerable  rapidity  and  to  become  widely  diffused.     From  the 
anatomical  account  given  above,  it  will  be  seen  that  the  pus  may  travel 
along  the  inguinal  canal  to  the  scrotum  in  the  male,  to  the  labium  majus 
in  the  female,  or  along  the  femoral  sheath,  but  extension  by  these  paths 
is  rare. 

(2)  Subfascial  Abscess. — This   form   of  abscess  has-  its  origin  most 
commonly  in  tubercular  disease  of  the  spine  (Pott's  Caries).     The  pus 
collects  at  first  usually  within  the  psoas  sheath  (psoas  abscess\  and  as  its 
quantity  increases  it  makes  its  way  downwards  to  the  iliac  fossa,  and 
gradually  distends  the  subfascial  space.     At  this  stage  it  can  be  readily 
detected  by  external  palpation.     Should  it  travel  further,  it  will  probably 
pass  beneath  Poupart's  ligament  into  the  thigh  at  the  outer  side  of  the 
femoral   vessels.     It    may   now   direct   its   course   backwards  with  the 
muscle  and  point  at  the  back  of  the  thigh  below  the  lesser  trochanter. 
Not  infrequently,  however,  it  appears  to  accompany  the  femoral  sheath 
to  the  origin  of  the  profunda  artery  and  follow  the  path  of  this  vessel 
beneath   the  adductor  longus,  subsequently  becoming   superficial  and 
forming  a  fluctuating  swelling  at  the  inner  side  of  the  thigh.     The  pus 
is  debarred  from  entering  the  pelvis  owing  to  the  attachment  of  the  iliac 
fascia  to  the  pelvic  brim. 

A  fully  developed  psoas  abscess,  which  has  followed  the  course  just 
described,  may  be  said  to  consist  of  four  parts :  a  sinuous  track  in  the 
psoas  muscle,  an  expanded  part  in  the  iliac  fossa,  a  narrow  neck  beneath 
Poupart's  ligament,  and  a  lower  expanded  portion  upon  the  inner  side  of 
the  thigh. 

It  is  of  interest  to  note  that  in  these  cases  of  chronic  suppuration  the 
iliac  fascia  becomes  greatly  thickened,  and  offers  an  effective  barrier  to 
extension  of  the  abscess  beyond  its  confines. 

Occasionally  a  psoas  abscess  travels  backwards  and  points  in  the 
lumbar  region.  This  course  is  probably  determined  by  the  lumbar 
vessels  which  provide  interstitial  paths  along  which  the  pus  travels. 
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The  place  where  the  abscess  becomes  superficial  is  usually  the  triangle 
of  Petit,  i.e.  the  interval  bounded  in  front  by  the  external  oblique,  behind 
by  the  latissimus  dorsi,  and  below  by  the  iliac  crest ;  the  floor  of  this 
triangle  is  formed  by  the  internal  oblique. 

THE  KIDNEYS. 

The  Kidneys  are  two  solid  glandular  organs,  situated  one  on  either  side  of  the  spine,  on  the 
posterior  abdominal  wall  and  behind  the  peritoneum  (fig.  129).  Each  kidney  measures  about  four 
inches  in  length,  two  and  a  half  inches  in  breadth,  and  from  one  and  a  quarter  to  one  and  a  half 
inches  in  thickness  (Quain).  The  right  kidney  is  shorter,  as  a  rule,  but  somewhat  thicker  than 
the  left ;  the  latter,  however,  is  usually  the  larger. 

The  inner  border  of  each  kidney  looks  forwards  as  well  as  inwards.  Its  middle  part  which 
is  hollowed  out  constitutes  the  hilum  ;  it  is  here  that  the  renal  artery  and  nerves  enter,  and  that 
the  renal  vein,  the  principal  lymphatics  of  the  organ  and  the  ureter  emerge.  The  outer  or 
postero-external  border  of  the  kidney  possesses  considerable  thickness,  especially  at  or  near  its 
centre,  so  much  so  that  it  might  almost  be  regarded  as  a  definite  area,  and  might  not  inappro- 
priately be  called  the  external  or  marginal  area  of  the  kidney.  It  is  customary,  however,  to 
describe  the  organ  as  possessing  two  main  surfaces,  which  are  respectively  directed  forwards  and 
outwards,  and  backwards  and  inwards. 

The  level  of  the  upper  extremity  of  the  kidney  corresponds  approximately  to  the  eleventh 
dorsal  spine,  but  that  of  the  right  kidney  is  usually  a  little  lower  than  the  left.  The  former 
does  not  usually  exceed  the  lower  border  of  the  eleventh  rib,  but  the  latter  may  lie  in  relation 
to  its  deep  surface.  The  lower  extremity  of  the  kidney  is  situated  opposite  the  lower  border  of 
the  second  or  the  body  of  the  third  lumbar  vertebra,  and  is  separated  from  the  iliac  crest  by  a 
distance  which  on  an  average  varies  from  one  and  a  half  to  two  inches.  The  hilum  of  the  kidney 
may  be  said  to  correspond  normally  to  the  level  of  the  first  lumbar  spine.  Owing  to  the  gradual 
increase  in  bulk  which  the  psoas  muscles  acquire  as  they  descend,  the  lower  extremities  of  the 
kidneys  are  wider  apart  and  are  directed  more  forwards  than  the  upper  extremities. 

The  glandular  tissue  of  the  kidney  is  completely  surrounded  by  a  thin  fibre-elastic  membrane, 
the  fibrous  capsule  proper,  which  by  its  deep  aspect  is  somewhat  loosely  connected  to  the  organ 
by  a  delicate  connective  tissue  and  by  capillary  blood-vessels.  By  its  outer  aspect  it  is  enveloped 
by  a  collection  of  fatty  tissue  (capsula  adiposa)  of  very  soft  consistency,  which  is  more  abundant 
along  the  borders  of  the  kidney  and  behind  than  it  is  in  front.  It  passes  into  the  hilum  and 
insinuates  itself  between  the  renal  blood-vessels  and  fuses  with  the  outer  coat  of  the  calyces  of 
the  ureter.  Below  the  kidney  a  wedge-shaped  extension  of  this  tissue  may  be  traced  downwards 
between  the  colon  and  the  abdominal  wall.  Very  little  fatty  tissue  surrounds  the  kidney  at  birth  ; 
it  makes  its  appearance,  however,  between  the  second  and  third  years,  and  in  the  adult  its 
quantity  largely  depends  upon  the  general  fatty  development  of  the  individual.  Outside  and 
surrounding  this  fatty  capsule  is  a  fibrous  investment  known  as  the  perirenal  fascia  (fascia 
renalis).  It  is  apparently  formed  by  a  condensation  of  the  retroperitoneal  tissue  in  this  region, 
and  splits  into  two  layers  which  enclose,  in  addition  to  the  kidney  and  its  fatty  envelope,  the 
suprarenal  capsule,  the  renal  vessels,  and  the  commencement  of  the  ureter.  Its  layers  fuse 
along  the  outer  border  of  the  kidney  and  also  above,  where  they  obtain  a  firm  attachment  to  the 
diaphragm.  Inferiorly  the  two  layers  apparently  do  not  join,  but  pass  downwards  independently 
in  the  direction  of  the  iliac  fossa  ;  they  enclose  an  extension  of  the  perirenal  fat,  and  are  connected 
by  some  weak  fibrous  bands.  Traced  internally,  the  deeper  layer  passes  behind  the  kidney  and 
is  attached  to  the  front  of  the  spine  along  the  inner  margin  of  the  psoas.  The  anterior  layer, 
however,  passes  over  the  front  of  the  kidney  and  its  vessels,  and  may  be  traced  up  to  the  middle 
line  in  front  of  the  aorta,  where  it  becomes  continuous  with  the  corresponding  layer  on  the 
opposite  side.  The  practical  bearings  of  this  fascia  will  be  alluded  to  in  connection  with  movable 
kidney. 

Relations  of  the  Kidneys  posteriorly. — These  are  practically  the  same  on  the  two  sides. 
Superiorly  both  kidneys  rest  in  contact  with  the  diaphragm,  and  are  thus  indirectly  related  to 
the  lower  part  of  the  pleuial  cavity  (costo-diaphragmatic  recess].  They  also  rest  upon  the  internal 
and  external  arcuate  ligaments,  and  upon  the  fascia  covering  the  psoas  and  quadratus  lumborum 
muscles.  The  twelfth  rib,  when  of  normal  length,  crosses  behind  each  kidney  obliquely,  at 
the  junction  of  its  upper  and  middle  thirds.  Outside  the  quadratus  lumborum  and  below  the 
twelfth  rib  the  outer  or  marginal  area  of  each  kidney  is  in  contact  with  the  tendon  of  origin  of 
the  transversalis  muscle.  The  irregularities  due  to  the  different  muscular  planes  in  this  region 
are  not  infrequently  filled  up  by  fatty  tissue,  in  such  a  way  as  to  form  a  fairly  uniform  bed  upon 
which  the  kidney  rests.  In  very  thin  subjects,  however,  or  in  those  who  are  emaciated,  the 
pliable  tissue  of  the  kidney  is  moulded  to  the  uneven  surface  upon  which  it  lies,  and  distinct  mark- 
ings can  be  made  out  upon  it  for  the  diaphragm,  the  psoas  and  quadratus  lumborum  muscles,  the 
arcuate  ligaments,  the  twelfth  rib,  and  the  upper  two  or  three  lumbar  transverse  processes. 
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In  addition  to  the  structures  already  mentioned,  the  last  dorsal,  the  ilio-hypogastric,  and 
ilio-inguinal  nerves  pass  outwards  obliquely  behind  each  kidney  (fig.  129). 

The  Relations  of  the  Kidneys  in  front  vary  upon  the  two  sides,  and  must  therefore  be 
considered  separately. 

The  Right  Kidney. — The  anterior  surface  of  the  right  kidney  bulges  forwards  at  or 
near  its  centre,  the  bulging  taking  the  form  of  a  blunt  ridge,  directed  transversely  or  with  a 
certain  degree  of  obliquity  (fig.  129).  The  area  above  this  ridge  is  rounded  and  convex,  it 
slopes  gradually  in  an  upward  direction,  and  is  related  to  a  deep  impression  upon  the  posterior 
surface  of  the  right  lobe  of  the  Irver  (fig.  126).  It  is  surmounted  above  by  the  suprarenal 
capsule  and  is  covered  by  a  layer  of  peritoneum,  which  inferiorly  is  continuous  with  the  upper 
layer  of  the  transverse  mesocolon,  and  superiorly  is  reflected  from  the  kidney  and  suprarenal 
capsule  to  the  liver  (hepato-renal  recess).  The  area  below  the  ridge  slopes  downwards  and  is 
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FIG.  133. — The  kidney  viewed  in  cross  section. 


related  for  the  most  part  to  the  commencement  of  the  hepatic  flexure  of  the  colon.  The  inner 
third  of  this  area  is  related  as  a  rule  to  the  second  or  descending  stage  of  the  duodenum,  which 
also  overlies  the  renal  vessels  and  the  ureter  at  the  level  of  the  hilum.  Between  the  colon  and 
the  duodenum  a  small  portion  of  this  lower  area  of  the  right  kidney  is  covered  by  peritoneum, 
and  is  related  to  the  coils  of  the  jejuno-ileum. 

The  Left  Kidney.  — The  anterior  surface  of  the  left  kidney  also  is  usually  divided  into  two 
by  a  ridge  which  crosses  it  transversely  near  its  middle,  and  which  as  a  rule  is  overlaid  by  the 
left  extremity  of  the  pancreas  (fig.  129).  The  areas  above  and  below  this  are  related  re- 
spectively to  the  layers  of  the  transverse  mesocolon,  which,  having  reached  the  pancreas,  are 
led  off  by  it  in  an  upward  and  downward  direction.  The  area  above  the  pancreas  consequently 
is  sometimes  called  the  supratnesocolic  area,  that  below  it  the  inframesocolic  area.  The  upper 
area,  as  in  the  right  kidney,  slopes  in  an  upward  direction  ;  it  is  related  to  the  spleen,  the  left 
suprarenal  capsule,  and  the  inferior  wall  of  the  stomach.  These  relationships  are  clearly  seen  in 
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figs.  123  and  129.  The  spleen  is  related  to  the  outer  part  of  this  area  and  encroaches  upon  it  for  a 
variable  extent ;  it  is  connected  to  the  kidney  by  the  lieno-renal  ligament.  The  suprarenal  capsule 
is  applied  to  the  kidney  superiorly  and  extends  downwards  along  its  inner  margin  as  far  as  the 
hilum.  A  triangular  area  is  left  between  the  suprarenal  capsule,  the  spleen,  and  the  pancreas, 
upon  which  the  stomach  rests,  but  the  two  are  separated  by  the  peritoneum  which  bounds  the 
lesser  sac  posteriorly.  The  splenic  vessels  cross  this  gastric  area  immediately  above  the  pancreas  and 
behind  the  peritoneum.  The  lower  or  inframesocolic  area  is  covered  by  peritoneum  for  the  most 
part  (fig.  125).  The  colon  as  it  leaves  the  splenic  flexure  skirts  the  outer  border  of  the  kidney,  and 
for  the  remainder  of  its  extent  the  renal  surface  is  covered  by  the  small  intestine  near  the  commence- 
ment of  the  jejunum,  and  is  crossed  by  the  left  colic  branches  of  the  inferior  mesenteric  vessels. 

It  is  quite  evident  that  the  different  areas  of  visceral  contact  with  the  kidneys  will  of 
necessity  vary  within  considerable  limits,  owing  to  the  mobility  of  the  overlying  structures 
and  the  varying  states  of  the  hollow  viscera  as  regards  fulness  or  emptiness.  The  practical 
significance  of  the  inclined  planes,  as  seen  upon  kidneys  which  have  been  hardened  in  situ,  will 
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FIG.  134. — The  kidneys  viewed  from  behind.  This  figure  has  been  drawn  from  a  plaster  model 
in  the  Anatomical  Museum,  Trinity  College,  Dublin.  The  relationships  of  each  kidney  to 
the  last  rib  and  to  the  lower  reflexion  of  the  pleura  are  particularly  deserving  of  note.  For 
fuller  details  see  account  given  in  the  text.  The  reader  is  recommended  to  study  fig.  129, 
p.  464,  in  which  both  kidneys  are  viewed  from  the  front,  also  fig.  123,  p.  435,  and  fig.  125, 
P-  443- 

be  considered  in  connection  with  the  normal  mode  of  fixation  of  these  organs,  and  the  abnormal 
degree  of  mobility  which  they  occasionally  acquire. 

The  Suprarenal  Capsules  (Adrenals). — These  bodies  belong  to  the  class  of  structures 
known  as  ductless  glands  ;  they  lie  one  on  each  side  of  the  spine,  where  they  surmount  the 
upper  poles  of  the  kidneys,  and  extend  also  for  some  distance  along  their  inner  borders.  The 
basal  surface  of  each  is  concave,  it  is  accurately  moulded  to  the  kidney  and  both  are  connected 
by  some  fibrous  tissue.  In  proportion  to  the  kidney  the  adrenals  are  much  larger  in  the  child 
than  in  the  adult. 

The  Right  Adrenal  is  pyramidal  in  shape  (fig.  129).  Its  anterior  surface  rests  against 
the  posterior  surface  of  the  right  lobe  of  the  liver,  upon  which  it  leaves  a  well  marked  impression. 
Behind  and  internally  it  rests  against  the  right  crus  of  the  diaphragm.  Its  inner  aspect  presents 
a  well  defined  vertically  directed  furrow  which  is  moulded  against  the  inferior  vena  cava. 

The  Left  Adrenal  is  crescentic  in  shape.  By  its  antero-external  aspect  it  is  related  to 
the  stomach,  the  spleen,  and  the  pancreas,  and  is  crossed  by  the  splenic  vessels.  Its  postero- 
internal  surface  is  related  to  the  diaphragm,  and  comes  into  very  close  proximity  to  the  aorta. 

Surface  Anatomy  of  the  Kidney. — (i)  From  the  front. — The  lower 
level  of  both  kidneys  does  not  as  a  rule  descend  below  a  horizontal  line 
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passing  through  the  umbilicus,  and  corresponds  fairly  accurately  to  a 
plane  passing  horizontally  through  the  most  dependent  points  of  the 
thoracic  framework  (subcostal  plane).  The  hilum  of  the  right  kidney 
is  about  two  inches  distant  from  the  middle  line,  that  of  the  left  kidney 
is  somewhat  less,  viz.,  one  and  three-quarter  inches.  The  mid-Poupart 
plane  of  section  if  prolonged  upwards  passes  through  the  kidney  at  the 
junction  of  its  outer  third  with  its  inner  two-thirds.  The  level  of  the 
renal  hilum  may  be  indicated  by  a  point  on  the  anterior  abdominal 
wall  about  a  finger's-breadth  inside  the  tip  of  the  ninth  costal  cartilage 
(Stiles). 

(2)  From  behind. — For  all  practical  purposes  the  position  of  the 
normal  kidney,  with  regard  to  the  posterior  aspect  of  the  trunk,  may  be 
indicated  by  four  lines,  two  of  which  run  horizontally,  two  vertically, 
and  are  arranged  in  the  form  of  a  rectangular  figure  (Morris).  The 
horizontal  lines  are  directed  outwards,  the  upper  from  the  level  of  the 
eleventh  dorsal,  the  lower  from  that  of  the  third  lumbar  spine.  Of  the 
two  vertical  lines  the  inner  is  one  inch  distant  from  the  vertebral  spines, 
the  outer  is  three  inches  further  away,  and  both  are  parallel  to  the 
mesial  plane. 

Abnormal  Conditions  of  the  Kidneys. — (i)  Position. — It  is  quite 
exceptional  to  find  either  kidney  reaching  a  higher  level  than  that 
already  given  as  the  normal ;  it  is  exceedingly  common,  however,  for 
either  or  both  to  assume  an  abnormally  low  level.  The  distance  between 
the  lower  extremities  of  the  two  kidneys  and  the  iliac  crests  is  sometimes 
very  narrow,  and  may  even  reach  zero.  It  is  usually  less  in  females  than 
in  males,  and  by  some  authorities  this  has  been  attributed  to  tightly 
fitting  corsets.  It  does  not  follow  that  in  all  cases  where  the  kidney 
approaches  very  close  to  or  even  reaches  the  iliac  crest,  the  abnormal 
relationship  is  due  entirely  to  the  fact  that  the  kidney  has  reached  an 
unusually  low  level ;  the  cause  may  be  partly  explained  by  the  high  level 
reached  by  the  iliac  crests.  Under  normal  conditions  their  highest  points 
attain  the  same  horizontal  level  as  the  intervertebral  disc  between  the 
fourth  and  fifth  lumbar  vertebrae,  but  in  some  cases,  where  the  vertebral 
promontory  occupies  an  abnormally  low  level,  the  highest  points  of  the 
iliac  crests  may  correspond  to  the  level  of  the  disc  between  the  third  and 
fourth  lumbar  vertebras.  In  an  example  of  this  sort,  the  lower  extremity 
of  a  kidney  which  extends  down  as  far  as  the  lower  border  of  the  third 
lumbar  vertebra — which  may  practically  be  regarded  as  within  normal 
limits — may  touch  the  iliac  crest.  An  abnormal  position  of  one  or  both 
kidneys  may  be  due  to  a  congenital  defect.  During  the  earlier  period  of 
intrauterine  life  the  primitive  kidney  occupies  a  position  in  the  region  of 
the  future  pelvic  cavity,  and  during  the  course  of  its  development  it 
usually  ascends  so  as  to  reach  its  definite  situation.  As  the  result  of 
defective  migration  it  may  permanently  assume  an  abnormal  position, 
constituting  what  is  called  renal  ectopia.  Thus  it  may  lie  in  the  pelvic 
cavity  between  the  bladder  and  rectum,  upon  the  brim  of  the  true  pelvis 
or  in  the  corresponding  iliac  fossa.  As  the  kidney  ascends  from  the 
pelvic  region  it  may  pursue  an  unusual  course ;  it  may  take  up 
a  position  in  front  of  the  spine,  or  may  cross  to  the  opposite  side  and 
lie  beneath  the  normally  situated  kidney.  Both  kidneys  may  be  in  a 
state  of  ectopia,  and  when  such  happens  they  not  uncommonly  fuse 
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across  the  middle  line  by  their  lower  extremities,  forming  what  is  known 
as  horseshoe  kidney.  In  no  case  of  renal  displacement,  congenital  or 
acquired,  does  the  suprarenal  capsule  go  with  the  kidney  but  continues 
to  retain  its  normal  level. 

It  is  usually  an  easy  matter  to  distinguish  a  case  of  renal  ectopia  from 
one  in  which  the  kidney  is  displaced  as  the  result  of  having  acquired 
excessive  mobility.  In  the  former  case  the  vessels  will  be  found  short 
and  coming  off  the  larger  trunks  at  that  particular  level,  viz.,  from  the 
aorta  near  its  termination,  from  the  iliacs,  or  even  from  the  middle 
sacral,  whereas  in  acquired  displacement  of  the  kidney  the  vessels  will 
in  all  probability  be  found  elongated,  and  attached  to  the  aorta  and  vena 
cava  at  their  normal  level ;  the  shape  of  the  kidney  too  resembles  closely 
the  normal,  but  differs  from  it  materially  in  cases  of  ectopia.  The  organ 
is  held  firmly  in  its  abnormal  position  in  ectopia,  contrasting  in  this 
respect  very  strongly  with  the  displaced  kidney  which  usually  enjoys 
a  considerable  range  of  movement. 

(2)  Number. — One  kidney  may  be  entirely  absent,  or  exist  merely  in  a 
rudimentary  form.  It  is  interesting  to  note  that  absence  of  the  kidney 
on  one  side  is  sometimes  associated  with  a  defective  degree  of  develop- 
ment of  the  genitalia  on  the  same  side.  When  one  kidney  only  is  present 
it  attains  a  large  size,  and  considerably  exceeds  the  dimensions  of  the 
normal  organ.  Should  its  removal  for  any  cause  be  undertaken,  a  fatal 
result  would  of  course  be  the  inevitable  consequence.  It  is  exceptional 
to  find  more  than  two  kidneys  ;  occasionally  three  have  been  observed, 
and  in  such  cases  the  supernumerary  kidney  is  placed  laterally  as  a  rule, 
and  partially  fused  with  the  normal  kidney  on  the  same  side.  It  has 
been  found,  however,  in  front  of  the  spine,  and  independent  of  the  two 
normal  kidneys. 

The  relationship  of  the  kidney  to  the  twelfth  rib  and  to  the 
pleura  is  one  of  very  real  practical  importance.  When  the  twelfth  rib  is 
of  normal  length  it  crosses  very  obliquely  behind  the  kidney  at  the  junc- 
tion of  its  upper  and  middle  thirds,  and  curves  around  its  outer  or 
marginal  area  near  its  middle  (fig.  134).  The  pleural  reflexion  from  the 
diaphragm  to  the  thoracic  wall  behind  begins  at  the  level  of  the  twelfth 
dorsal  spine,  and  sometimes  a  little  further  down,  viz.,  opposite  the  spine 
of  the  first  lumbar  vertebra,  and  when  this  is  the  case  the  line  of  re- 
flexion runs  outwards  nearly  horizontally  beneath  the  twelfth  rib. 
Occasionally  this  rib  is  very  short  or  rudimentary,  or  it  may  be  alto- 
gether absent.  In  such  cases  it  is  interesting  to  note  that  the  pleural 
reflexion  still  reaches  its  usual  low  level.  Should  a  lumbar  nephrec- 
tomy  be  undertaken  in  a  case  of  this  sort  the  eleventh  rib  might 
readily  be  mistaken  for  the  twelfth,  and  the  pleural  cavity  would 
consequently  run  considerable  risk  of  being  opened  at  the  upper  or 
vertebral  angle  of  the  parietal  incision.  It  is  advisable,  therefore,  when 
performing  this  operation  to  carefully  count  the  ribs  beforehand,  and  to 
keep  clear  of  the  vertebral  extremity  of  the  twelfth  rib,  remembering  that 
the  pleural  sac  may  extend  downwards  for  half  to  three-quarters  of  an 
inch  below  its  lower  border. 

Injuries  of  the  Kidney  by  severe  contusions  or  penetrating  wounds 
are  to  a  large  extent  guarded  against  by  its  deep  position,  by  the 
protecting  influence  of  the  lower  costal  region,  and  of  the  different 
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organs  which  are  so  closely  applied  to  its  abdominal  aspect.  Contusions 
of  a  serious  nature  and  sufficient  to  injure  the  kidney  are  usually 
received  in  the  ilio-costal  space,  and  will  be  all  the  more  likely  to 
effect  serious  injury  if  the  abdominal  parietes  are  relaxed  at  the  moment 
of  impact.  The  kidney  is  thrust  back  and  wedged  tightly  into  the  costo- 
vertebral  angle,  and  may  be  crushed  against  the  last  rib  and  the  trans- 
verse processes  of  the  upper  two  lumbar  vertebrae,  or  against  the  bodies 
of  these  vertebras,  and  this  can  readily  be  understood  when  one  considers 
how  the  skeletal  parts  related  to  the  kidney  frequently  leave  such  decided 
indentations  on  its  posterior  surface.  Should  the  renal  tissue  and  fibrous 
capsule  give  way  a  large  extravasation  of  blood  and  urine  may  spread 
diffusely  in  the  perirenal  tissue,  giving  rise  to  a  large  subperitoneal 
collection  which  may  bulge  the  flank  and  reach  the  iliac  fossa.  With 
very  severe  contusions  some  of  the  lower  ribs  may  be  simultaneously 
fractured,  or  the  liver  and  spleen  may  be  lacerated  also.  Wounds  of 
the  kidney  —  punctured,  incised,  or  gunshot  —  are  of  less  frequent 
occurrence  than  contusions.  The  kidney  may  be  reached  in  such 
injuries  either  from  the  front  or  from  behind.  In  the  former  case  the 
wounding  agent  follows  a  transperitoneal  course,  and  will  almost 
certainly  cause  serious  injury  of  other  intra-abdominal  structures.  In 
the  latter  case  the  wound  either  penetrates  through  the  lowest  intercostal 
space  or  below  the  last  rib,  and  reaches  the  kidney  on  its  retroperitoneal 
aspect,  and  consequently  is  not  of  such  serious  import.  The  peritoneum, 
however,  is  sometimes  wounded  in  these  cases  also. 

Movable  Kidney. — In  examining  kidneys  which  have  been  hardened 
in  situ  it  is  found  that  there  is  in  every  case  on  the  anterior  surface  of 
each  a  point  of  maximum  convexity,  "a  place  where  the  kidney 
substance  is  raised  in  the  form  of  a  marked  prominence  or  bulging, 
which  may  slowly  rise  from  all  sides  to  a  blunt  summit,  as  is  usually 
the  case  in  the  left  kidney,  or  which  may  extend  across  the  anterior 
surface  in  the  form  of  a  rounded  ridge,  as  happens  more  commonly 
in  the  case  of  the  right  kidney.  Above  and  below  this  eminence 
the  anterior  surface  falls  away  towards  each  extremity  in  the  form 
of  an  inclined  or  sloping  plane  of  greater  or  less  obliquity.  These 
impressed  districts  indicate  pressure  exercised  on  the  anterior  surface  of 
the  kidney  in  two  directions,  and  the  intervening  ridge  is  the  result  of 
this  pressure  and  counterpressure "  (Cunningham).  In  the  description 
of  the  kidneys  given  above,  these  inclined  planes  have  been  noted, 
and  also  the  viscera  which  are  in  contact  with  them  and  exercise 
this  pressure.  It  is  highly  probable  that  the  pressure  forces  acting 
upon  the  kidneys  in  this  way  bring  about  a  state  of  equilibration  by 
means  of  which  these  organs  are  maintained  at  their  normal  level  in  rela- 
tion to  the  abdominal  cavity. 

There  are  other  agencies,  however,  which  must  be  regarded  as 
contributing  to  effect  this  object.  One  of  these  is  the  fascia  renalis 
(Zuckerkandl  and  Gerotha),  which  has  already  been  shown  to  have 
attachments  above  to  the  diaphragm,  in  front  to  the  peritoneum,  and 
behind  to  the  posterior  abdominal  parietes.  From  the  deep  aspect  of  this 
fascia  fibrous  trabeculae  pass  towards  the  kidney  and  are  attached  to  its 
fibrous  capsule.  These  trabeculae  are  normally  made  tense  by  the  fatty 
tissue  (capsula  adiposd]  which  is  contained  between  the  fascia  renalis  and 
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the  kidney.  When  this  fat  disappears  as  the  result  of  excessive  wasting 
these  fibrous  bands  become  relaxed,  and  displacement  of  the  kidney 
is  consequently  facilitated.  The  tension  of  the  abdominal parietes,  which 
has  already  been  observed  to  play  such  an  important  part  in  maintaining 
both  the  solid  and  the  hollow  viscera  in  their  normal  positions,  no  doubt 
fulfils  a  similar  function  in  the  case  of  the  kidneys.  It  is  evident,  too, 
that  in  addition  to  the  factors  already  enumerated,  the  attachment  which 
the  kidney  possesses  on  each  side  through  its  vascular  pedicle  helps  to 
some  extent  to  retain  it  in  position,  or  at  least  to  limit  its  range  of 
mobility.  The  right  kidney  is  much  more  frequently  displaced  than 
the  left,  which  probably  is  to  be  attributed  for  the  most  part  to  its 
position  behind  and  beneath  the  liver.  Movable  kidney  also  is  en- 
countered much  more  commonly  in  females  than  in  males.  This 
possibly  is  to  be  explained  by  the  relaxation  of  the  abdominal  parietes 
which  follows  frequent  pregnancies,  together  with  the  mechanical  effects 
of  tight  lacing. 

Both  kidneys  move  slightly  within  their  fatty  capsule  in  an  upward 
and  downward  direction  during  respiration,  as  the  upper  extremities 
of  both  lie  upon  the  arch  of  the  diaphragm.  An  excessive  range  of 
mobility  is  met  with  rather  frequently  as  an  acquired  condition,  the 
kidney  travelling  downwards,  or  downwards  and  inwards,  for  a  very 
considerable  extent  behind  the  peritoneum.  Under  such  conditions 
the  displaced  organ  can  often  be  detected  by  bimanual  palpation, 
one  hand  being  placed  behind  in  the  costo-iliac  space  outside  the 
erector  spinae  and  below  the  last  rib,  the  other  hand  being  laid  flat 
upon  the  anterior  abdominal  wall  outside  the  semilunar  line.  In  a 
typical  case  the  displaced  kidney  will  be  felt  below  the  costal  arch  as  a 
smooth  rounded  or  oblong  body,  and  if  an  attempt  be  made  to  com- 
press its  lower  extremity  between  the  two  hands  applied  outside  the 
abdomen,  it  will  probably  slip  away  suddenly  in  an  upward  direction 
out  of  reach,  to  reappear  again  when  the  individual  stands  up  or  takes 
a  deep  inspiration.  Floating  kidney,  as  it  has  been  termed,  differs  from 
the  above  in  that  the  kidney  is  completely  surrounded  by  peritoneum, 
which  is  reflected  backwards  along  the  renal  vessels  so  as  to  form  a 
pedicle  or  mesonephron.  It  is  exceedingly  rare  to  find  such  a  condition 
present,  and  its  occurrence  is  probably  to  be  explained  as  the  result  of  a 
congenital  defect.  Clinically  it  is  by  no  means  unusual  to  meet  with 
such  excessive  mobility  of  the  kidney  that  one  might  reasonably  attri- 
bute it  to  the  presence  of  a  mesonephron.  It  is  probable,  however,  that 
when  once  the  kidney  has  lost  its  normal  degree  of  fixity,  the  overlying 
and  adjoining  peritoneum  being  in  a  state  of  laxity  and  being  dragged 
upon  by  the  weight  of  the  kidney,  becomes  elongated  to  a  greater  or 
lesser  extent ;  the  membrane  may  in  addition  extend  around  the  outer 
convex  margin  of  the  kidney  and  also  inwards  so  as  to  partially  invest  its 
posterior  surface.  Such  a  state  of  affairs  probably  accounts  for  many 
cases  referred  to  clinically  as  'floating'  kidney.  Attention  has  already 
been  drawn  to  the  fact  that  certain  obscure  cases  of  gastric  dilatation  may 
possibly  have  their  origin  in  a  movable  kidney  on  the  right  side  (p.  470), 
the  duodenum  being  drawn  downwards  to  such  an  extent  as  to  produce 
a  kinking  at  its  point  of  fixity  below  the  foramen  of  Winslow.  The 
occasional  presence  of  a  distended  gall-bladder  and  the  occurrence  of 
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slight  transient  attacks  of  jaundice  have  been  accounted  for  also  by  the 
traction  exerted  by  the  kidney  upon  the  duodenum  through  the  medium 
of  their  peritoneal  connections.  Whether  the  traction  so  exerted  pro- 
duces its  effects  by  partially  obstructing  the  duodenum  in  its  descending 
stage — according  to  some  authorities,  below  the  orifice  of  the  common 
bile-duct,  viz.,  in  the  vicinity  of  the  inferior  duodenal  flexure — and 
interfering  with  the  passage  of  its  contents,  or  whether  traction  sufficient 
to  obstruct  its  lumen  is  brought  to  bear  upon  the  common  bile-duct,  is 
not  quite  certain  (see  Nephropexy,  p.  510). 

The  Renal  Circulation. — The  renal  arteries  arise  from  the  abdominal  aorta  at  the  level  of 
the  first  or  second  lumbar  vertebra,  below  the  superior  mesenteric  artery.  The  right  is  a  little 
longer  than  the  left,  and  passes  outwards  behind  the  inferior  vena  cava.  The  pelvis  of  the  ureter 
as  it  leaves  the  hilum  of  the  kidney  is  behind  the  main  divisions  of  the  artery,  and  the  vein  is  in 
front  (fig.  129).  Sometimes,  however,  branches  of  the  vein  and  of  the  artery  are  found  lying  behind 
the  ureter.  Before  the  artery  reaches  the  kidney  it  breaks  up  into  four  or  five  large  branches, 
which,  at  the  bottom  of  the  renal  sinus,  pass  radially  through  the  medullary  zone  of  the  kidney  to 
the  bases  of  the  pyramids,  where  they  divide  into  a  series  of  vessels  which  form  arches  between  the 
cortical  and  medullary  zones  ;  the  arches,  however,  are  not  complete,  as  the  neighbouring  arterial 
branches  do  not  anastomose  with  each  other.  A  large  number  of  branches  come  off  from  these 
arches  and  run  radially  through  the  cortex,  giving  off  on  all  sides  minute  vessels  which  are 
directed  towards  Bowman's  Capsules,  the  walls  of  which  they  invaginate  before  them,  and 
break  up  into  a  tuft  of  capillaries  constituting  the  glomerulus.  Some  fine  terminal  branches  are 
continued  to  the  surface  of  the  kidney  where  they  anastomose  with  minute  vessels  running  in  the 
fibrous  capsule.  Some  branches  from  the  arterial  arches  run  inwards  into  the  medullary  zone, 
pursuing  a  straight  course,  and  divide  into  capillaries  which  surround  the  tubes  in  this  part. 

Owing  to  the  very  imperfect  manner  in  which  the  branches  of  the  renal  arteries  anastomose 
with  each  other,  their  smaller  divisions  are  to  be  regarded  as  end-arteries,  like  those  already  noted 
in  the  brain,  retina,  lungs,  and  spleen.  It  is  by  no  means  uncommon  to  meet  infarctions 
in  the  kidney  in  cases  of  heart  disease,  and  as  the  renal  arteries  are  distributed  mainly  to  the 
cortex,  the  infarction  is  usually  more  or  less  wedge-shaped,  the  base  of  the  wedge  being 
directed  towards  the  surface.  The  renal  aiteries  are  very  subject  to  variation,  and  are  some- 
times reinforced  by  accessory  vessels.  These  latter  are  usually  given  off  from  the  aorta,  and  may 
penetrate  the  kidney  substance  almost  at  any  point  on  its  surface  in  front  or  behind,  above  or 
below  the  hilum.  The  presence  of  accessory  renal  vessels  may  give  rise  to  trouble  in  nephrectomy. 

Paths  along  which  infection  may  reach  the  Kidney.— (i)  The 
Blood  Stream. — Infective  micro-organisms  not  infrequently  reach  the 
kidney  in  this  way  in  the  course  of  a  general  pyaemia,  or  with  infective 
endocarditis.  When  emboli  are  conveyed  to  the  kidneys  by  the  renal 
arteries,  they  are  usually  brought  to  a  standstill  in  the  cortical  region  in 
one  of  the  smaller  arteries  or  the  glomeruli,  where  they  quickly  develop 
foci  of  inflammation  and  suppuration.  These  metastatic  abscesses,  as  they 
are  called,  affect  both  kidneys,  and  are  usually  multiple,  small,  and 
situated  in  the  cortical  zone.  In  cases  of  acute  generalised  tuberculosis 
the  kidneys  may  be  infected  in  a  similar  manner,  both  are  usually 
involved,  and  numbers  of  small  miliary  tubercles  are  found  scattered 
throughout  the  cortex.  Apart  from  pyaemia  and  acute  miliary  tubercu- 
losis, it  would  appear  that  bacteria  as  well  as  their  toxins  circulating  in 
the  blood  stream  are  excreted  normally  by  the  kidneys,  and  should  they 
find  one  or  other  of  these  organs  in  a  state  of  lowered  vitality,  they  might 
very  possibly  excite  in  it  an  acute  infective  inflammation.  This  is  well 
exemplified  in  some  cases  of  renal  calculus.  The  effect  of  movable 
calculi  in  the  calyces  or  pelvis  of  the  ureter  is  to  damage  the  renal  tissue 
with  which  it  comes  in  contact  and  also  the  mucous'  lining  of  these 
passages.  The  bacillus  coli  communis,  which  under  certain  conditions 
finds  its  way  in  large  numbers  from  the  intestine  into  the  blood  stream, 
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on  reaching  a  kidney  placed  under  such  unfavourable  circumstances, 
finds  in  it  a  locus  minoris  resistenticz,  and  will  be  very  liable  to  produce 
its  specific  effects  in  the  form  of  an  acute  pyelo-nephritis. 

(2)  The    Ureter. — This   is   undoubtedly   the   channel    along    which 
infection    is    most   frequently   conveyed   to   the   kidney.      Both   septic 
(staphylococci   and  streptococci)  and   tubercular   micro-organisms  may 
reach  it  in  this   way,  following   disease   of  the   mucous   lining   of  the 
bladder,  i.e.  cystitis.      A   pyelitis  develops,  and  subsequently  infection 
extends   along   the   excretory  ducts   into  the  medullary  region  of  the 
kidney,  giving   rise   to   an   interstitial   nephritis,  with   perhaps   foci   of 
suppuration  in  the  renal   substance   (pyelo-nephritis ;  ^surgical  kidney). 
When   tubercular   infection   reaches   the  kidney  by  this   route   it   pro- 
gressively invades  its  medullary  portion,  and  is  followed  by  caseation 
and  suppuration,  until  eventually  the  greater  part  of  the  organ  may  be 
destroyed.     So  long  as  the  ureter  remains  pervious,  however,  it  helps  to 
drain  away  the  pus  and  debris  mingled  with  the  urinary  secretion,  but 
should  it  so  happen  that  the  ureter  becomes  temporarily  or  permanently 
occluded  by  swelling  of   its   mucous    membrane,  or  by  a  collection  of 
diseased  products  in  its  interior,  the  secretions  are  retained  and  a  cystic 
dilatation  otherwise  known  as  pyonephrosis  results.    Ascending  infection 
of  the  kidneys  is  a  common  occurrence  in  those  who  suffer  from  urethral 
stricture  or  enlarged  prostate,  and  in  whom  cystitis  so  frequently  super- 
venes ;  renal  disease,  terminating  in  uraemia,  is  in  fact  a  frequent  cause  of 
death  in  these  cases. 

(3)  The  Lymphatics. — It  is  rare  for  infection  to  reach  the  kidneys  by 
these  vessels.     In  those  cases,  however,  in  which  inflammation  reaches 
the  kidney  from  some  neighbouring  structure,  it  is  probable   that  the 
process  spreads  by  way  of  the  lymphatic  channels. 

Perinephric  Abscess. — Collections  of  pus  in  the  fatty  tissue  which 
surrounds  the  kidney  readily  become  diffused,  and  may  burrow  widely 
without  meeting  any  definite  resistance  to  their  progress.  A  perinephric 
abscess  is  usually  situated  behind  the  kidney  at  first,  but  does  not  always 
spread  in  the  same  direction.  It  may  make  its  way  to  the  surface 
posteriorly  and  point  in  the  lumbar  region  ;  in  such  cases  it  will  be  found 
as  a  rule  to  become  superficial  in  Petifs  triangle.  It  may  burrow  up- 
wards and  make  its  way  through  the  diaphragm  into  the  lung  or 
pleural  cavity.  Sometimes  it  travels  downwards  into  the  iliac  fossa, 
forming  a  large  collection  in  this  region.  Although  these  abscesses 
usually  have  their  origin  in  an  infective  process  spreading  from  the 
kidney  (calculus  ;  tubercle),  yet  they  may  originate  in  regions  remote  from 
this,  and  invade  the  perirenal  tissues  secondarily.  Thus  they  may  spread 
from  below,  following  appendicitis  or  pelvic  cellulitis,  the  abscess  in  both 
cases  travelling  in  the  lax  subperitoneal  tissue.  An  empyena  making  its 
way  through  the  diaphragm  will  also  invade  this  region.  The  pus  comes 
through  the  diaphragm  usually  in  the  interval  posteriorly  between  its 
vertebral  and  costal  attachments.  Seeing  what  facilities  a  perinephric 
abscess  has  for  spreading  diffusely,  it  is  imperative  that  its  contents 
should  be  thoroughly  evacuated  by  an  early  lumbar  incision. 

The  Operative  Surgery  of  the  Kidneys.— Nephrectomy. — Viewed 
from  the  anatomical  aspect,  the  steps  of  this  operation  may  be  considered 
to  most  advantage  under  the  following  headings — (i)  the  parietal  in- 
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cision,  (2)  the  removal  of  the  kidney.  In  consequence  of  the  position 
of  the  kidneys  upon  the  posterior  abdominal  wall  and  beneath  the 
peritoneum,  they  can  be  reached  and  removed  from  behind  without 
wounding  this  membrane.  The  operation  by  which  this  is  done  is  called 
retroperitoneal  or  lumbar  nephrectomy.  On  the  other  hand,  the  kidney 
can  also  be  removed  by  first  opening  the  abdominal  cavity,  and  sub- 
sequently dividing  the  parietal  peritoneum  in  its  vicinity;  this  is 
abdominal  or  transperitoneal  nephrectomy. 

Lumbar  Nephrectomy. — (i)  The  parietal  incision  is  usually  made  at 
the  outer  margin  of  the  erector  spinae  and  its  aponeurotic  sheath,  and  is 
obliquely  directed  from  above  and  behind,  downwards  and  forwards.  Its 
upper  extremity  is  situated  in  the  angle  between  the  last  rib  and  the 
erector  spinae,  its  lower  or  anterior  extremity  lies  above  the  iliac  crest 
and  at  a  variable  distance  behind  the  level  of  the  anterior  superior  spine. 
Its  length  varies  from  four  and  a  half  to  five  inches.  This  incision  has 
been  fully  described  already  with  the  applied  anatomy  of  the  abdominal 
wall  (p.  395),  where  its  advantages  and  disadvantages  have  been 
fully  detailed. 

(2)  The  removal  of  the  Kidney. — The  soft  perirenal  fatty  tissue  and 
the  fascia  renalis  are  penetrated  with  the  index  finger,  and  the  kidney  is 
identified  by  touch.  With  the  aid  of  the  finger  it  is  gradually  isolated 
from  its  immediate  surroundings,  until  it  is  found  to  be  held  only  by  the 
renal  vessels  and  the  ureter  which  constitute  its  pedicle.  The  kidney 
is  now  drawn  forwards  in  the  direction  of  the  parietal  wound,  and  if 
possible  the  vessels  and  the  ureter  are  separated  by  a  process  of  blunt 
dissection.  The  former  are  ligatured  and  divided.  Subsequently  the 
ureter  is  ligatured  separately,  and,  if  thought  advisable,  its  distal  ex- 
tremity after  division  is  allowed  to  fall  back  into  the  wound.  In  some 
cases  it  is  quite  impossible  to  separate  the  vessels  from  the  ureter,  the 
entire  pedicle  must  then  be  ligatured  en  masse. 

In  some  cases  of  renal  disease  for  which  nephrectomy  is  practised, 
the  fatty  capsule  of  the  kidney  is  found  to  have  lost  its  soft,  friable  con- 
sistency, and  to  have  acquired  a  more  fibrous  or  almost  cicatricial 
character,  in  consequence  of  which  the  kidney  is  found  embedded  in  a 
mass  of  dense  tissue  which  holds  it  down  firmly  and  brings  it  into  closer 
and  more  intimate  connection  with  the  inferior  vena  cava,  duodenum, 
colon,  and  peritoneum  on  the  right  side,  or  with  the  aorta,  colon,  pancreas, 
and  peritoneum  on  the  left  side.  The  practical  outcome  of  these  patho- 
logical changes  in  the  kidney  surroundings  is,  that  its  isolation  becomes 
a  matter  of  very  great  difficulty  and  danger.  Cases  have  been  known 
where  the  inferior  vena  cava,  the  colon,  and  the  peritoneum  have  been  torn 
in  attempts  to  isolate  the  renal  pedicle.  To  avoid  such  accidents  Oilier, 
recognising  the  comparative  ease  with  which  the  kidney  can  usually  be 
separated  from  its  proper  fibrous  capsule,  recommended  that  in  cases  of 
sclerosing  perinephritis  this  should  be  divided  along  the  outer  convex 
area  of  the  organ  and  peeled  off  the  latter  up  to  the  hilum,  after  which  the 
vessels  may  be  surrounded  by  a  ligature  and  the  kidney  removed.  This 
operation  is  sometimes  called  subcapsular  nephrectomy,  to  differentiate  it 
from  that  in  which  the  fibrous  capsule  is  left  intact,  or  extracapsular 
nephrectomy.  It  has  been  found,  too,  that  in  cases  of  sclerosing  inflam- 
mation around  the  kidney  the  contracting  tissues  exercise  a  compressing 
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effect  upon  the  renal  vessels,  so  much  so  that  these  may  diminish 
•enormously  in  capacity. 

Irregularity  in  the  distribution  of  the  renal  vessels  sometimes  causes 
trouble  in  the  course  of  nephrectomy,  especially  when  an  arterial  branch 
of  pretentious  size  reaches  the  kidney  at  some  point  remote  from  the 
hilum.  Such  a  contingency  should  always  be  borne  in  mind,  other- 
wise troublesome  bleeding  may  take  place  after  removal  of  the  kidney, 
although  the  vessels  entering  at  the  hilum  have  been  securely  ligatured. 

Excessive  traction  upon  the  renal  pedicle,  especially  on  the  right 
side,  in  attempts  to  draw  the  kidney  up  out  of  the  wound,  is  attended 
with  danger,  in  consequence  of  the  liability  of  the  renal  vein  to  tear  at  its 
junction  with  the  inferior  vena  cava. 

When  the  kidney  is  removed  for  disease  which  also  invades  the 
ureter,  as  frequently  occurs  in  tubercular  cases,  it  is  desirable  to  remove 
the  affected  portion  of  the  latter  at  the  same  time  (ureterectomy\  This 
can  be  accomplished  as  a  rule  without  very  much  difficulty,  by  following 
the  ureter  downwards  in  the  lax  subperitoneal  tissue  to  the  point  at 
which  it  crosses  the  brim  of  the  true  pelvis.  It  has  been  followed  even 
to  its  termination  in  the  bladder  and  removed. 

The  main  advantage  of  lumbar  nephrectomy  is  that  the  kidney  is 
reached  outside  the  peritoneum,  and  if  suppurative  processes  should 
•exist,  the  wound  in  the  parietes  is  favourably  situated  for  affording  good 
drainage.  Its  chief  drawback  is  that  it  is  not  well  adapted  for  the 
removal  of  large  tumours,  owing  to  the  narrow  interval  which  separates 
the  last  rib  from  the  iliac  crest,  and  the  great  depth  of  the  wound, 
especially  in  fat  subjects.  To  combat  this  difficulty,  however,  some 
surgeons  have  modified  the  lumbar  operation  by  carrying  the  parietal 
incision  downwards  and  inwards  into  the  inguinal  region,  separating  the 
peritoneum  at  the  same  time,  so  that  even  with  an  enormously  extended 
wound  the  serous  cavity  is  not  necessarily  opened,  and  the  operation 
still  remains  extraperitoneal — lumbo-ilio-inguinal  incision  (Morris). 

Abdominal  Nephrectomy. — The  parietal  incision  is  usually  made  in 
the  linea  semilunaris  ;  its  centre  is  opposite  the  umbilicus,  and  it  is  about 
four  or  five  inches  in  length.  The  procedure  followed  in  the  removal  of 
the  kidney  is  as  follows.  The  small  intestines  and  the  great  omentum 
are  displaced  towards  the  opposite  side,  and  the  ascending  or  descending 
•colon,  as  the  case  may  be,  is  exposed  and  identified,  after  which  the 
parietal  peritoneum  is  incised  vertically  at  its  outer  side  and  parallel  to 
it.  An  incision  through  the  peritoneum  at  the  inner  side  of  the  colon 
would  probably  wound  one  of  the  colic  arteries  and  be  followed  by 
gangrene  of  the  colon.  The  inner  edge  of  the  incision  in  the  peritoneum 
is  drawn  inwards,  displacing  the  intestine  off  the  kidney,  and  bringing 
into  view  the  perirenal  fatty  tissue.  With  the  aid  of  the  finger  this  is 
separated  from  the  kidney  all  round  and  the  pedicle  is  isolated.  The 
vessels  are  separated  if  possible  from  the  ureter,  ligatured,  and  cut  across 
close  to  the  kidney,  as  in  lumbar  nephrectomy.  The  ureter  is  finally 
ligatured  and  divided,  after  which  the  kidney  can  be  lifted  out. 

The  main  advantages  of  this  operation  are  that  it  affords  good  access 
to  the  kidney  and  is  well  suited  for  the  removal  of  large  tumours.  A 
strong  point  in  its  favour  is  that  it  enables  one  to  examine  the  opposite 
.kidney  by  direct  palpation,  a  precaution  which  is  very  necessary  in  all 
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cases  demanding  this  operation.  Against  the  operation  is  the  fact  that 
the  peritoneum  is  opened,  and  there  necessarily  is  considerable  risk  of  its 
becoming  infected  should  the  renal  disease  be  of  a  septic  nature. 

Nephrotomy. — The  kidney  having  been  exposed  from  behind,  as  in 
lumbar  nephrectomy,  is  incised,  it  may  be  with  the  object  of  evacuating 
an  abscess  originating  from  calculous  disease,  or  tuberculosis,  or  removing 
a  calculus,  or  for  the  relief  of  nephralgia.  When  the  collection  of  pus  is 
mainly  confined  to  the  pelvis,  an  evacuating  incision  is  sometimes  made 
through  its  wall  posteriorly  (fiyelotomy),  and  not  through  the  kidney 
substance ;  it  has  the  advantage  of  being  less  liable  to  cause  free 
haemorrhage.  A  modification  of  this  operation  which  has  been  intro- 
duced comparatively  recently  is  known  as  renal  decapsulation.  It 
consists  in  incising  the  fibrous  capsule  and  peeling  it  off  the  renal  paren- 
chyma. It  is  said  to  be  productive  of  gratifying  results  in  the  treatment 
of  certain  forms  of  nephritis  (Edebohls). 

Nephro-lithotomy. — Here  also  the  kidney  is  exposed  through  the 
usual  lumbar  incision,  and  is  carefully  palpated  to  ascertain  if  one  or  more 
calculi  are  present,  their  usual  sites  being  the  calyces  or  the  pelvis  of  the 
ureter.  Needles  are  sometimes  passed  into  the  kidney  substance  from  the 
outer  convex  margin  and  in  the  direction  of  the  pelvis  with  a  similar  object. 
Failing  this,  an  incision  may  be  made  vertically  through  the  kidney  into 
the  pelvis  and  near  the  lower  extremity  of  the  organ ;  through  it,  both 
the  pelvis  and  the  calyces  which  lead  off  from  it  are  examined,  partly  by 
the  ringer  and  partly  by  means  of  a  small  bladder  sound  (Jordan  Lloyd). 
It  is  sometimes  possible  also  to  determine,  by  passing  a  long  probe  along 
the  ureter,  whether  its  lumen  is  free  or  obstructed  by  a  calculus.  The 
entire  kidney  is  occasionally  slit  open  in  the  course  of  this  operation  in 
order  to  reach  the  pelvis.  The  haemorrhage  which  follows,  as  might  be 
expected,  is  very  free,  but  it  is  surprising  how  readily  it  is  sometimes  con- 
trolled by  steady  pressure  maintained  for  a  few  moments  against  the  cut 
surface.  It  can  also  be  controlled  by  compressing  the  vessels  where  they 
enter  at  the  hilum.  According  to  Zondeck  the  incision  through  the  kidney 
should  not  follow  its  convex  border,  but  should  be  directed  slightly  more 
internally  along  its  dorsal  aspect.  -  Such  an  incision  is  better  adapted  to 
avoid  haemorrhage  as  it  extends  between  the  anterior  and  posterior 
vascular  territories  of  the  organ,  viz.,  through  its  least  vascular  part. 
Small  calculi  may  be  removed  without  much  difficulty,  but  when 
large  they  usually  have  to  be  taken  away  piecemeal.  Incisions  tra- 
versing the  kidney  substance  in  the  way  just  described,  in  the  absence 
of  suppuration,  are  found  to  heal  with  rapidity  if  carefully  sutured.  The 
indications  for  this  operation  have  been  rendered  much  clearer  in  recent 
years  through  the  valuable  aid  afforded  by  the  X-rays  in  the  diagnosis 
of  renal  calculi. 

Nephrorrhaphy  or  Nephropexy  is  performed  for  the  purpose  of 
fixing  in  position  a  kidney  which  has  acquired  an  abnormal  range  of 
mobility.  Of  the  many  operative  devices  which  have  been  employed  to 
effect  this  object,  that  carried  out  by  Morris  appears  to  fulfil  its  purpose 
satisfactorily.  The  kidney  is  reached  by  the  lumbar  incision,  and  its 
posterior  aspect  is  denuded  of  its  fatty  capsule.  Three  sutures  usually 
are  passed,  one  near  the  upper  extremity  of  the  kidney,  penetrating  for 
a  short  distance  into  its  substance,  and  it  is  also  made  to  traverse  the 
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transversalis  fascia,  and  the  muscles  in  the  vicinity  of  the  last  rib. 
Another  suture  is  passed  in  a  similar  manner  near  the  lower  extremity 
of  the  kidney,  and  the  intermediate  suture  traverses  the  kidney  posteriorly 
near  its  middle,  and,  like  the  others,  includes  the  transversalis  fascia 
and  the  muscles.  When  these  sutures  are  tied  the  kidney  should  be 
securely  anchored  in  position. 

THE  URETERS. — The  ureter  or  excretory  tube  of  the  kidney,  when  followed  towards  its 
proximal  extremity,  widens  out  into  a  funnel-shaped  sac  called  thepe/vis,  which  is  contained  for 
the  most  part  within  the  renal  sinus  behind  the  vessels.  It  is  connected  to  the  medullary  portion 
of  the  kidney  by  a  series  of  short  cylindrical  tubes  called  calyces  or  infundibula.  The  ureter  is  at 
first  related  to  the  abdominal  cavity  and  lies  in  the  retroperitoneal  tissue.  As  it  descends  it  crosses 
the  pelvic  brim  in  front  of  the  sacro-iliac  articulation  and  enters  the  pelvic  cavity,  or  rather  is 
related  to  the  outer  wall  of  the  latter  at  its  posterior  part  (fig.  129).  It  curves  forwards  a  short 
distance  above  the  pelvic  floor  and  runs  forwards  and  inwards  to  the  base  of  the  bladder,  con- 
verging towards  its  fellow  of  the  opposite  side.  Finally  it  opens  into  the  bladder,  having 
traversed  its  wall  very  obliquely  (fig.  144). 

Calyces  and  Infundibula. — The  calyces  vary  a  good  deal  in  size  and  number.  There  are 
usually  about  eight  or  nine,  and  they  are  attached  to  the  kidney  around  the  bases  of  the  papillae. 
A  single  calyx  receives  but  one  papilla  as  a  rule  ;  it  may,  however,  envelop  two  or  three.  The 
papillae  are  studded  over  by  the  minute  orifices  of  the  excretory  tubes  of  the  kidney.  Each  calyx 
is  on  an  average  from  half  to  three-quarters  of  an  inch  in  length.  By  their  distal  extremities  they 
are  connected  with  two  or  three  short  tubes,  viz.,  the  calyces  majores  or  infundibula,  which 
unite  to  form  the  pelvis. 

The  Pelvis  of  the  Ureter  at  its  commencement  is  contained  within  the  lips  of  the  hilum, 
but  leaving  this  it  curves  downwards  in  the  perirenal  fat  beneath  the  lower  pole  of  the  kidney, 
where  it  becomes  continuous  with  the  ureter  ;  there  is,  however,  no  sharp  line  of  demarcation 
between  them.  The  renal  vessels  lie  in  front  of  the  pelvis  on  each  side,  but  occasionally  branches 
of  the  vein  and  artery  are  found  lying  on  its  deep  aspect.  On  the  right  side  it  is  related  in  front 
to  the  bend  which  connects  the  second  and  third  stages  of  the  duodenum,  and  its  inner  border 
lies  close  alongside,  and  may  even  touch  the  inferior  vena  cava.  On  the  left  side  the  pelvis  is 
related  in  front  to  the  body  of  the  pancreas  and  to  the  jejunum  near  the  duodeno-jejunal  flexure. 
The  aorta  lies  to  its  inner  side,  but  not  so  near  it  as  the  inferior  vena  cava  is  to  the  pelvis  on  the 
right  side. 

The  Ureter  proper  is,  on  an  average,  twelve  inches  long  in  the  adult.  It  forms  a  nearly 
cylindrical  tube,  being  flattened  slightly  from  before  backwards,  but  is  not  of  perfectly  uniform 
calibre  throughout.  For  descriptive  purposes  it  is  divided  into  an  abdominal  and  a  pelvic 
stage. 

The  Abdominal  Stage  of  the  Ureter  inclines  downwards  and  inwards  in  a  nearly  vertical 
direction,  and  at  its  termination  crosses  the  external  iliac  artery  on  the  right  side,  the  common 
iliac  artery  on  the  left  side.  At  this  point  on  each  side  the  ureter  forms  a  distinct  anterior 
bend,  the  flexura  marginalis  of  Schwalbe.  Its  relations  are  as  follows  :  in  front,  on  both  sides, 
the  peritoneum,  the  colic  and  spermatic  vessels  ;  and  in  addition  to  these,  it  is  overlaid  upon  the 
right  side  by  the  termination  of  the  ileum  and  its  mesentery  and  possibly  the  vermiform 
appendix  ;  upon  the  left  side  it  is  placed  behind  the  commencing  coils  of  the  jejunum  above,  and 
the  pelvic  colon  lower  down.  Just  where  the  left  ureter  crosses  the  common  iliac  artery,  it  lies 
immediately  behind  the  small  peritoneal  pouch  at  the  root  of  the  mesentery  of  the  pelvic  colon 
known  as  the  intersigmoid  fossa  (fig.  132).  The  relations  of  the  ureters  behind  are  the  same 
on  both  sides,  viz.,  the  psoas  muscle  and  its  fascial  covering,  the  psoas  parvus  when  present, 
and  the  genito-crural  nerve.  Internally  the  right  ureter  is  comparatively  closely  related  to 
the  inferior  vena  cava ;  upon  the  left  side  it  is  related  to  the  aorta  and  to  the  inferior 
mesenteric  vessels. 

For  an  account  of  the  ureter  in  its  pelvic  stage  see  p.  575. 
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THE    PELVIS. 

The  pelvis  forms  the  lower  extremity  of  the  trunk  and  transmits  the 
weight  of  the  superjacent  part  of  the  body  to  the  lower  limbs.  The 
bones  which  enter  into  its  formation,  viz.,  the  sacrum  and  coccyx  behind, 
the  innominate  bones  on  each  side  and  in  front,  articulate  with  each 
other,  forming  a  complete  ring,  and  are  maintained  in  apposition  by 
powerful  ligaments.  By  their  outer  aspect  the  pelvic  bones  furnish  an 
extensive  surface  for  the  attachment  of  muscles,  but  especially  for  those 
which  surround  the  hip-joint.  These  muscles  also  which  are  grouped 
around  the  pelvic  exterior  obscure  its  outline  and  consequently  it  is 
difficult  to  determine  its  exact  limits  with  precision. 

The  space  enclosed  within  the  skeletal  framework  of  the  pelvis  is 
divisible  into  two  parts,  (a)  an  upper,  which  is  sometimes  spoken  of  as 
the  false  pelvis,  and  which  coincides  with  that  portion  of  the  innominate 
bone  situated  above  the  ileo-pectineal  line  on  each  side,  viz.,  the  iliac 
fossa,  the  contents  of  which  have  already  been  described  ;  (b}  a  lower 
part,  commonly  known  as  the  true  pelvis,  and  which  is  limited  inferiorly 
by  the  pelvic  diaphragm,  consisting  of  the  levatores  ani  and  coccygei 
muscles. 

In  addition  to  the  cavity  of  the  true  pelvis  there  is  yet  another  space 
enclosed  within  its  osteo-ligamentous  framework,  viz.,  that  which  is 
situated  on  each  side  between  the  lower  aspect  of  the  pelvic  diaphragm 
and  the  pelvic  wall,  and  which  corresponds  to  the  wedge-shaped  interval 
on  each  side  of  the  middle  line  known  as  the  ischio-rectal' fossa,  a  descrip- 
tion of  which  will  be  found  in  the  section  dealing  with  the  perineum. 

The  Shape  and  Extent  of  the  Pelvic  Cavity  are  seen  to  most 
advantage  in  a  recent  specimen  from  which  the  contained  viscera  have 
been  removed.  It  forms  a  capacious  cup-shaped  cavity,  the  long  axis 
of  which  is  directed  from  before  downwards  and  backwards,  and  the 
walls  of  which,  in  addition  to  the  skeletal  parts  just  mentioned,  are 
largely  reinforced  by  muscular  and  fascial  structures.  Its  boundaries 
are  the  following :  behind,  the  sacrum  and  coccyx  and  the  pyriformis 
muscles  up  to  the  point  where  they  emerge  through  the  great  sacro- 
sciatic  foramina ;  laterally,  the  innominate  bone  invested  on  its  inner 
aspect  by  the  obturator  internus  muscle  ;  in  front,  the  pubic  segments 
of  the  innominate  bones  and  the  symphysis  ;  below,  the  pelvic  diaphragm. 
Overlying  these  parts  is  a  thin  membranous  layer,  the  pelvic  fascia, 
which  is  continuous  above  the  pelvic  brim  with  the  general  fascial 
investment  of  the  abdominal  cavity,  consisting  of  the  transversalis 
fascia  in  front  and  on  each  side,  and  the  fascia  over  the  quadratus 
lumborum,  psoas  and  iliacus  muscles  behind  (endo-abdominal  fascia). 
In  addition  to  its  parietal  part,  it  sends  inwards  a  number  of  expansions 
to  the  pelvic  viscera  which  fulfil  the  function  of  so  many  suspensory 
ligaments,  and  support  the  visceral  blood-vessels  and  nerves  as  they  pass 
inwards  from  the  pelvic  wall  to  their  respective  areas  of  distribution. 

In  the  male  the  visceral  subdivision  of  the  pelvic  fascia  has  very 
definite  connections  with  the  bladder,  prostate,  seminal  vesicles,  and 
rectum ;  in  the  female  it  is  connected  with  the  bladder,  vagina,  and 
rectum.  The  level  at  which  this  visceral  layer  leaves  the  pelvic  wall 
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corresponds  in  front  and  on  each  side  to  the  line  of  origin  of  the  levator 
ani  muscle  ;  behind,  it  springs  from  the  lower  part  of  the  anterior  aspect 
of  the  sacrum,  and  descends  between  the  posterior  aspect  of  the  rectum 
and  the  pelvic  parietes  (fig.  138). 

The  Pelvic  Cellular  Tissue. — The  inner  aspect  of  the  parietal  pelvic 
fascia  is  in  part  related  to  the  pelvic  viscera,  in  part  to  the  pelvic  peri- 
toneum, but  is  separated  from  both  by  a  layer  ot  loose  fatty  and  fibrous 
connective  tissue,  the  extent  and  connections  of  which  are  deserving  of 
notice.  Within  the  meshes  of  this  tissue  are  contained  the  iliac  (hypo- 
gastric)  blood-vessels  and  their  branches,  the  pelvic  lymphatic  glands, 
the  ureters,  the  vasa  deferentia  in  the  male,  the  round  ligaments  in  the 
female ;  furthermore,  it  is  continuous  with  the  connective  tissue  between 
the  peritoneal  layers  of  the  broad  ligaments  and  of  the  pelvic  meso- 
colon,  and  with  the  subperitoneal  tissue  of  the  adjoining  regions  of  the 
abdomen.  It  communicates  in  addition  with  the  extrapelvic  connective 
tissue  through  the  obturator  foramen  which  is  situated  upon  the  anterior 
part  of  the  lateral  pelvic  wall,  and  transmits  the  obturator  vessels  and 
nerve  ;  it  communicates  also  at  the  level  of  the  great  sacro-sciatic  foramen 
with  the  deep  connective  tissue  planes  of  the  gluteal  region.  The  sacral 
nerves  lie  outside  the  parietal  pelvic  fascia,  and  consequently  their 
visceral  branches  carry  in  ensheathing  layers  as  they  pass  to  their 
respective  areas  of  distribution. 

This  pelvic  cellular  tissue  does  not.  however,  pass  uninterruptedly  in 
a  circumferential  manner  from  one  side  of  the  cavity  to  the  other,  but  is 
confined  to  a  large  extent  within  two  fairly  well  defined  compartments, 
which  are  separated  from  each  other  by  two  septa  directed  forwards  and 
inwards  from  the  level  of  the  sacro-iliac  articulation  and  the  upper  part  of 
the  sacro-sciatic  foramen  on  each  side  to  the  interval  between  the  rectum 
and  the  bladder  with  the  seminal  vesicles  in  the  male,  between  the 
rectum  and  the  uterus  and  vagina  in  the  female.  These  somewhat 
imperfect  intrapelvic  partitions  consist  of  prolongations  of  the  parietal 
pelvic  fascia,  together  with  the  principal  visceral  branches  of  the  internal 
iliac  vessels  and  of  the  sacral  nerve  plexuses.  The  ureter  enters  the 
pelvis  at  the  upper  level  of  this  intrapelvic  septum  on  each  side. 

The  extent  of  these  cellular  compartments  can  be  readily  investigated  upon  the  cadaver  as 
follows.  Divide  the  peritoneum  which  passes  from  the  apex  and  sides  of  the  bladder  to  the 
pelvic  wall  and  draw  the  viscus  backwards.  If  the  finger  now  be  passed  between  the  bladder 
and  the  pelvic  wall  it  makes  its  way  easily  through  the  loose  cellular  tissue  on  each  side  up  to 
the  level  of  the  intrapelvic  septum  just  described,  but  its  further  progress  in  a  backward  direction 
is  barred  here.  If  the  pelvic  colon  and  its  mesentery  be  divided  a  couple  of  inches  above  the 
commencement  of  the  rectum,  the  latter  can  be  drawn  forwards  easily  from  the  sacrum  and  the 
finger  passed  into  the  intervening  cellular  space.  This,  however,  will  be  found  to  have  fairly 
well  defined  boundaries,  viz.,  in  front  and  on  each  side,  the  rectum  and  the  intrapelvic  septa  just 
mentioned  ;  behind,  the  sacrum  ;  below,  the  rectal  layer  of  the  visceral  pelvic  fascia,  interposed 
between  the  wall  of  the  bowel  and  the  pelvic  parietes. 

These  cellular  compartments  of  the  pelvis  possess  a  large  amount 
of  pathological  interest,  as  they  are  sometimes  the  seat  of  infective 
(septic)  inflammation,  and  will  be  alluded  to  again  in  connection  with  the 
pelvic  viscera — see  Parametritis ;  Gangrenous  Periproctitis  ;  Rupture  of 
the  Bladder. 

The  Viscera  proper  of  the  Pelvis  occupy  a  mesial  position,  and  are 
arranged  in  regular  order  from  before  backwards.  The  bladder  is 
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situated  in  front,  and  in  connection  with  it  will  be  found  the  vesical 
extremities  of  the  ureters,  and  in  the  male  the  prostate,  through  which 
passes  the  first  stage  of  the  urethra.  The  rectum  is  situated  posteriorly, 
the  seminal  vesicles  and  the  ampullae  of  the  vasa  deferentia  being  lodged 
between  it  and  the  bladder ;  the  uterus  and  vagina  occupy  this  level 
in  the  female.  The  pelvic  viscera  of  the  male  are  represented  in  fig.  137  ; 
they  rest  in  contact  with  the  pelvic  diaphragm  and  are  maintained  in 
position  to  a  large  extent  by  ensheathing  layers  derived  from  the  pelvic 
fascia.  The  rectum  and  the  urethra — the  vagina  also  in  the  female — 
traverse  the  pelvic  diaphragm  and  enter  the  perineum  or  subdiaphrag- 
matic  region  of  the  pelvis. 

Other  viscera  normally  found  within  the  pelvis  are  the  coils  of  the 
small  intestine,  the  whole  or  the  greater  part  of  the  pelvic  colon,  and 
occasionally  a  portion  of  the  caecum  and  the  distal  extremity  of  the 
vermiform  appendix.  When  the  bladder  and  rectum  or  the  bladder 
only  is  distended,  the  superjacent  coils  of  intestine  are  lifted  up  and  may 
be  completely  dislodged  from  the  pelvic  cavity. 

The  Pelvic  Peritoneum  is  continuous  with  that  of  the  abdomen,  and 
furnishes  a  partial  investment  for  the  walls  of  the  cavity  and  for  the 
contained  viscera.  In  some  places  its  connections  are  very  loose, 
especially  those  effected  by  its  parietal  portion.  Its  visceral  subdivision 
is  on  the  whole  much  more  adherent,  and  its  separation  from  the  under- 
lying tissues  is  attended  by  very  considerable  difficulty  in  the  greater 
part  of  its  extent. 

For  the  purpose  of  topographical  description,  the  pelvic  peritoneum  has  been  subdivided  by 
anatomists  into  a  number  of  districts,  which  are  limited  partly  by  the  viscera  themselves,  partly 
by  folds  and  peritoneal  ridges  which  are  directed  from  the  viscera  to  the  pelvic  wall,  or  from  the 
pelvic  to  the  abdominal  wall.  These  folds  are  seen  most  distinctly  when  the  bladder  and  rectum 
are  both  empty  and  contracted,  and  when  the  subperitoneal  fatty  tissue  is  scanty  in  amount  ;  the 
following  are  amongst  those  deserving  of  note  in  the  male  pelvis. 

(1)  The  fold  of  the  ureter :  this  is  directed  from  the  posterior  part  of  the  side  of  the  pelvis, 
at  the  level  of  the  sacro-iliac  articulation,  to  the  lateral  angle  of  the  bladder.    At  first  it  descends, 
and  then  runs  almost  horizontally  forwards  and  inwards,  becoming  more  evident  as  it  approaches 
the  bladder.     In  addition  to  the  ureter,  the  inferior  vesical  and  the  middle  hsemorrhoidal  vessels 
are  also  contained  within  this  fold  (fig.  135). 

(2)  The  sacro-genital  fold,  also  known  as  the  recto- vesical  fold,  projects  backwards  in  the 
middle  line  from  the  posterior  margin  of  the  empty  bladder  for  a  distance  of  half  to  one  inch. 
It  curves  outwards  on  each  side  .over  the  upper  blunt  extremity  of  the  corresponding  seminal 
vesicle,  and  encloses  the  vas  deferens  between  its  layers,  together  with  some  smooth  muscle  and 
connective  tissue  which  constitute  the  sacro-genital  ligament.     This  latter  passes  backwards,  and 
is  connected  with  the  tissue  over  the  anterior  aspect  of  the  lower  end  of  the  sacrum  and  at  the 
back  of  the  rectum.     That  part  of  the  sacro-genital  fold  in  relation  to  the  posterior  aspect  of  the 
bladder  fills  out  and  disappears  when  the  viscus  becomes  distended  (reserve  fold).     The  sacro- 
genital  folds  also  exist  in  the  female  (utero-sacral  folds,  or  the  folds  of  Douglas},  and  are  connected 
across  the  posterior  part  of  the  cervix  uteri  by  a  ridge  of  peritoneum  which  is  known  as  the  '  torus 
uterinus'  (fig.  151). 

(3)  The  external  iliac  vessels  receive  a   covering  from  the  peritoneum  and   project  as   a 
distinct  ridge  at  the  posterior  part  of    the  pelvic  brim.     These  vessels,  however,  gradually 
deviate  outwards  from  the  latter  on  their  way  to  the  deep  aspect  of  Poupart's  ligament,  and  in 
doing  so  help  to  circumscribe  a  triangular  area  which  is  bounded  internally  by  the  ilio-pectineal 
line  and  below  or  in  front  by  the  inner  part  of  Poupart's  ligament ;  it  has  been  termed  the 
trigonum  femorale  (Dixon  and  Birmingham).     The  shallow  depression  at  the  lower  part  of  this 
area  overlies  the  abdominal  aspect  of  the  crural  ring,  and  is  known  as  the  fovea  femoralis. 

(4)  The  obliterated  hypogastric  artery  is  sometimes  discernible   as  a  faint   ridge   running 
from  behind  forwards  below  the  external  iliac  vessels  and  making   for   the  posterior  aspect 
of    the  anterior   abdominal   wall,    where    it    has    already  been    noted   (inguinal   region  from 
behind). 

(5)  The  vas  deferens  is  frequently  discernible  as  a  faint  peritoneal  ridge  passing  from  before 
backwards  with  a  wavy  course  in  relation  to  the  lateral  pelvic  wall.     It  finally  curves  downwards 
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and  inwards  to  reach  the  pelvic  floor,  and  at  this  level  it  lies  between  the  layers  of  the  sacro- 
genital  fold  (fig.  135). 

The  principal  peritoneal  districts  within  the  pelvis  are  the  following  (Dixon  and 
Birmingham). 

(l)  The  Anterior  Pelvic  Fossa. — This  corresponds  to  the  vesical  segment  of  the  pelvic 
cavity,  and  extends  from  the  pubic  symphysis  in  front  to  the  fold  of  the  ureter  on  each  side,  and 


Lower  Extremity  of  the-  Pelvic  Colon 
Rectum. 
Pararectal  Fossa. 


Third  Sacral  Vertebra. 


Urete 


Sacro-genital  Fold. 

Lateral  Portion  of  the  Middle  Pelvic  Fossa,      i 
Obturator  Fossa. 


Obliterated  Hypo- 
gastric  Art. 
Obturator  N. 


Trigonum  Femorale. 

Paravesical  Fossa. 

Median' Portion  of  the  Middle  Pelvic  Fossa. 

Plica  Transversa  Vesica;. 


!   '•  External 
!       Iliac  Vein. 
Deep  Epigastric  Art. 


Obliterated  Hypo- 
gastric  Art. 

Vas  Deferens. 


FIG.  135. — The  peritoneal  subdivisions  of  the  pelvic  floor  (Birmingham).  The  reader  will  find 
it  instructive  to  compare  this  figure,  taken  from  the  pelvis  of  an  adult  male  subject,  with 
No.  150,  which  represents  the  interior  of  the  pelvic  cavity  of  the  female,  both  being  viewed 
from  the  same  aspect. 

the  posterior  border  of  the  contracted  bladder  between  these.  This  area  Is  subdivided  by  the 
upward  projection  of  the  bladder  into  three  portions  :  a  central,  which  is  coextensive  with  the 
upper  convex  aspect  of  the  empty  bladder,  and  a  shallow  groove  or  excavation  on  each  side 
between  the  bladder  and  that  portion  of  the  pelvic  wall  which  lies  below  the  horizontal  stage  of 
the  vas  deferens,  and  is  known  as  the  paravesical fossa.  This  anterior  pelvic  fossa  is  sometimes 
crossed  by  a  ridge  of  peritoneum  which  extends  from  the  upper  aspect  of  the  bladder  forwards 
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and  outwards  on  each  side  to  the  level  of  the  internal  abdominal  ring,  and  has  received  the 
name  of  plica  transversa  vesiae  (Waldeyer).  The  paravesical  fossae  disappear  with  distension  of 
the  bladder. 

(2)  The  Posterior  Pelvic  Fossa  corresponds  to  the  rectal  segment  of  the  pelvic  cavity. 
It  is  bounded  in  front  by  the  sacro-genital  folds,  and  is  related  here  also  to  the  upper  extremities  of 
the  seminal  vesicles  and  the  interampullary  segments  of  the  vasa  deferentia.     The  rectum  occupies 
the  central  part  of  this  fossa  and  is  bounded  laterally  by  well  marked  depressions,  the  pararectal 
fossa  of  Waldeyer  ;  they  disappear,  however,  to  a  large  extent  when  the  rectum  is  distended. 
Above  the  level  of  the  sacro-genital  fold  the  pararectal  fossa  is  continuous  with  that  part  of  the 
side  wall  of  the  pelvis  which  is  situated  behind  the  ureter,  and  is  known  as  the  hypogastric 
fossa,  as  the  main  branches  of  the  internal  iliac  or  hypogastric  vessels  are  situated  beneath  the 
peritoneum  at  this  level.     That  portion  of  the  posterior  pelvic  fossa  which  is  situated  in  the  middle 
line  is  termed  the  recto-vesical,  or  more  correctly  the  recto-genital  depression,  as  it  lies  immediately 
behind  the  genital  ducts  in  both  sexes.      It  corresponds  to  the  recto-vaginal  pouch  or  the 
pouch  of  Douglas  in  the  female. 

(3)  The  Middle  Pelvic  Fossa  is  the  rather  narrow  interval  which  is  included  between  the 
fold  of  the  ureter  in  front  and  the  sacro-genital  fold  behind  (fig.  135).     It  is  narrowest  in  the 
middle  line,  but  widens  out  on  each  side.     It  is  related  to  the  pelvic  portion  of  the  genital 
apparatus  in  the  two  sexes,  viz.,  the  vasa  deferentia  and  the  seminal  vesicles  in  the  male,  the 
uterus  in  the  female. 

These  three  so-called  '  primary  fossa  of  the  pelvic  peritoneum,'  in  addition  to  being  situated 
respectively  one  behind  the  other,  present  a  sort  of  terraced  arrangement,  the  anterior  fossa 
occupying  the  highest,  the  posterior  fossa  the  lowest  level. 

The  Obturator  Fossa  (fig.  135)  occupies  a  triangular  area  on  the  side  wall  of  the  pelvis, 
the  boundaries  of  which  are,  in  front,  the  external  iliac  vein  ;  below,  the  vas  deferens — the  round 
ligament  in  the  female  ; — behind,  the  ureter.  In  the  female  the  obturator  fossa  is  subdivided  into 
two  parts  by  the  pelvic  attachment  of  the  broad  ligament,  and  at  its  posterior  part  presents  a 
shallow  depression  for  the  ovary,  the  fossa  ovarii  of  Waldeyer. 

THE  ILIAC  ARTERIES. — The  two  common  iliac  arteries  spring 
from  the  aorta  at  the  level  of  the  left  side  of  the  body  of  the  fourth 
lumbar  vertebra.  Each  artery  is  directed  from  this  point  downwards 
and  outwards  to  the  level  of  the  lumbo-sacral  or  the  upper  part  of 
the  sacro-iliac  articulation,  where  it  divides  into  the  external  and  in- 
ternal iliac  arteries.  The  former  of  these  is  mainly  intended  for  the 
lower  limb  and  follows  at  first  the  line  of  the  pelvic  brim  along  the 
inner  border  of  the  psoas  muscle.  But  while  it  maintains  this  relation- 
ship to  the  muscle,  it  gradually  deviates  outwards  from  the  pelvic  margin 
to  the  deep  aspect  of  Poupart's  ligament,  where  it  becomes  the  femoral 
artery.  The  internal  iliac  or  hypogastric  artery  curves  downwards  into 
the  pelvis,  and  divides  at  the  upper  part  of  the  great  sacro-sciatic 
foramen  into  its  two  main  divisions,  which  are  named  respectively 
anterior  and  posterior.  All  three  iliac  arteries  occupy  a  subperitoneal 
position  throughout  their  entire  extent. 

The  Common  Iliac  Arteries. — As  these  vessels  have  their  origin  at  the  left  of  the  spine,  the 
right  is  somewhat  longer  than  the  left,  the  respective  measurements  being  about  two  and  one 
and  three-quarter  inches.  Each  artery  is  crossed  by  the  ureter,  close  to  its  termination.  On  the 
left  side  the  vessel  is  crossed  by  the  inferior  mesenteric  vessels,  and  on  both  sides  by  the 
sympathetic  nerves  which  pass  from  the  aortic  to  join  the  hypogastric  plexus.' 

The  External  Iliac  Artery  is  from  three  and  a  half  to  four  inches  in  length,  and  follows 
the  general  direction  of  the  parent  stem.  The  course  of  both  will  be  indicated  by  a  line  with  a 
very  slight  degree  of  outward  convexity,  extending  from  a  point  half  an  inch  below  and  to  the 
left  of  the  umbilicus  to  a  point  on  Poupart's  ligament  midway  between  the  anterior  superior  spine 
and  the  symphysis  pubis.  The  upper  third  of  this  line  represents  the  direction  of  the  common 
iliac  artery,  the  lower  two-thirds  that  of  the  external  iliac  artery.  The  external  iliac  vein  closely 
accompanies  the  artery,  lying  at  first  to  its  inner  side  ;  higher  up,  however,  the  vein  lies  well 
behind  and  to  the  inner  side  of  the  artery.  In  addition  to  the  peritoneum,  the  external  iliac 
artery  has  an  investment  from  the  subperitoneal  tissue  (fascia  of  Abernethy),  which  also  sends  a 
thin  septum  in  between  the  artery  and  the  vein.  The  artery  is  crossed  obliquely  near  Poupart's 
ligament  by  the  genito-crural  nerve  and  the  spermatic  vessels  (fig.  129) ;  at  this  level  also  it 
is  crossed  transversely  by  the  deep  circumflex  iliac  vein.  The  vas  deferens  curves  to  its  inner 
aspect  on  its  way  to  the  pelvic  cavity,  and  the  round  ligament  has  a  similar  relationship  to  the 
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vessel  in  the  female.  In  the  female  also  the  ovarian  vessels  cross  the  artery  near  its  middle.  The 
external  iliac  lymphatic  glands  are  scattered  along  the  course  of  the  artery  and  the  vein. 

Occasionally  the  external  iliac  artery  is  crossed  near  its  commencement  by  the  ureter.  The 
latter,  however,  is  connected  much  more  intimately  with  the  peritoneum  than  with  the  artery, 
and  remains  connected  with  the  former  when  it  is  pushed  aside  or  lifted  off  the  vessels. 

Only  two  named  branches  are  given  off  by  the  external  iliac  artery,  viz. ,  the  deep  epigastric 
and  deep  circumflex  iliac  arteries,  both  of  which  have  been  studied  with  the  abdominal  parietes 
<p.  387). 

The  External  Iliac  Artery  is  sometimes  the  seat  of  aneurysm. 
The  latter  is  situated  most  frequently  at  the  lower  part  of  the  vessel,  and 
may  implicate  the  upper  part  of  the  common  femoral  also  (ilio-femoral 
aneurysm}.  The  form  of  treatment  best  suited  for  these  cases  is  ligature 
of  the  external  iliac  artery  on  the  proximal  side  of  the  sac.  Should  the 
aneurysm  occupy  a  high  level  the  common  iliac  artery  might  require 
ligature  instead.  Access  to  the  iliac  vessels  may  be  obtained  in  two 
ways,  either  by  opening  the  abdomen  and  dividing  the  peritoneum 
which  overlies  the  artery  (transperitoneal  ligation),  or  by  making  an 
incision  in  the  iliac  region  down  to  but  not  through  the  peritoneum,  and 
then  detaching  the  membrane  from  the  iliac  fossa  inwards  to  the  pelvic 
brim  (retroperitoneal  ligation). 

Transperitoneal  Ligation  of  the  External  Iliac  Artery.  —  The 
abdomen  is  opened  by  a  vertical  incision  through  the  rectus  sheath  below 
the  umbilicus  after  the  manner  described  on  p.  394.  The  intestines  are 
pushed  aside  and  the  position  of  the  artery  defined ;  this  is  much 
facilitated  if  the  pelvis  be  elevated,  i.e.  in  the  Trendelenburg  position. 
A  point  on  the  artery  midway  between  its  origin  and  termination  is 
well  suited  for  the  application  of  a  ligature,  unless  the  aneurysmal  sac 
be  dangerously  near.  At  this  level  the  vein  lies  behind  and  to  the 
inner  side  of  the  artery,  but  is  separated  from  it  by  a  thin  membranous 
septum.  The  needle  is  passed  from  within  outwards,  care  being  taken 
not  to  include  the  ureter  if  the  ligature  be  applied  high  up,  nor  the 
genito-crural  nerve  which  descends  in  front  and  to  the  outer  side  of  the 
artery. 

Retroperitoneal  Ligation. — Two  forms  of  procedure  are  usually 
described  by  which  the  external  iliac  artery  may  be  secured  retro- 
peritoneally. 

(l)  Sir  Astley  Coopers  method. — A  curved  incision  about  four  inches 
in  length  is  made  through  the  abdominal  parietes  above  Poupart's  liga- 
ment, from  a  point  one  inch  internal  to  the  anterior  superior  spine  to 
another  point  half  an  inch  outside  the  external  abdominal  ring,  the  con- 
vexity of  the  incision  extending  to  within  one  inch  of  the  fold  of  the  groin. 
In  the  first  incision,  which  traverses  the  skin  and  subcutaneous  tissue,  the 
principal  branches  of  the  superficial  epigastric  vessels  will  be  divided. 
The  external  oblique  is  exposed  and  incised  in  the  direction  of  its 
tendinous  fibres.  On  drawing  the  edges  of  the  wound  apart,  the  sper- 
matic cord  will  be  seen  as  depicted  in  fig.  113,  viz.,  crossed  by  the  fleshy 
fibres  of  the  internal  oblique  and  transversalis  muscles.  These  are 
divided,  and  also  the  transversalis  fascia,  after  which  the  structures  con- 
stituting the  cord  are  displaced  upwards  and  inwards,  bringing  the 
artery  into  view.  The  needle  is  passed  from  within  outwards,  i.e.  from 
the  vein,  and  the  genito-crural  nerve  which  lies  outside  and  in  front  of 
the  artery  is  avoided.  The  deep  circumflex  iliac  vein  which  crosses  the 
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artery  transversely  at  this  level  may  be  endangered  if  the  ligature  be 
applied  close  above  Poupart's  ligament. 

(2)  Abernet/iy's  method. — The  parietal  incision  commences  at  a  point 
one  inch  above  and  to  the  inner  side  of  the  anterior  superior  spine,  and 
terminates  at  a  point  one  and  a  half  inches  above  and  external  to  the 
centre  of  Poupart's  ligament.  In  contrast  with  Cooper's  incision,  which 
crosses  the  path  of  the  external  iliac  artery,  this  incision  is  inclined  more 
in  the  direction  of  the  long  axis  of  the  vessel.  The  various  strata  of  the 
parietes  are  divided  until  the  peritoneum  is  reached,  the  latter  is  then 
raised  from  the  iliac  fossa,  and  the  artery  exposed  at  the  inner  border 
of  the  psoas  muscle. 

Abernethy's  procedure  possesses  an  advantage  over  that  of  Cooper 
in  that  it  allows  access  to  the  artery  at  a  higher  level.  In  Cooper's 
operation  the  artery  is  exposed  close  to  Poupart's  ligament,  and  the  site 
of  the  ligature  may  be  in  dangerous  proximity  to  the  aneurysmal  sac  or 
to  the  branches  which  spring  from  the  artery.  After  either  operation 
the  resulting  scar  in  the  abdominal  wall  is  a  source  of  weakness,  and  is 
very  apt  to  be  followed  by  a  ventral  hernia.  In  old  people  the  external 
iliac  artery  very  often  assumes  a  tortuous  condition,  the  result  of  ather- 
omatous  changes,  and  may  be  found  curving  downwards  and  inwards 
some  distance  below  the  pelvic  brim. 

The  Collateral  Circulation  is  maintained  as  follows: — (i)  the  deep 
epigastric  anastomosing  with  the  internal  mammary,  the  lower  inter- 
costals,  and  the  lumbar  arteries;  (2)  the  deep  circumflex  iliac  (ext.  iliac) 
anastomosing  with  the  ilio-lumbar  and  gluteal  arteries  (int.  iliac) ;  (3)  the 
gluteal  with  the  sciatic  and  the  circumflex  branches  'of  the  profunda 
femoris  artery  ;  (4)  the  obturator  with  the  circumflex  and  the  deep 
epigastric  arteries;  (5)  the  internal  pudic  with  the  external  pudic 
branches  of  the  femoral  artery;  (6)  the  sciatic  (comes  nervi  ischiadici) 
with  the  perforating  branches  of  the  profunda. 

The  Internal  Iliac  Artery  (ffypogastric),  from  its  origin  opposite  the  lumbo-sacral 
articulation,  descends  into  the  pelvis,  and  usually  subdivides  at  the  upper  border  of  the  great  sacro- 
sciatic  foramen  into  an  anterior  and  posterior  division,  from  which  its  terminal  offshoots  proceed. 
The  length  of  its  main  trunk  is  on  an  average  one  and  a  half  inches.  The  following  is  a  list  of 
the  principal  branches  of  this  artery. 

Anterior  Division.  — (a)  Intrapelvic  or  -visceral  branches :  the  superior,  middle  and  inferior 
vesical,  and  the  middle  hsemorrhoidal  arteries  ;  in  the  female  also  the  uterine  and  vaginal 
arteries  ;  (b)  Extrapelvic  or  parietal  branches :  the  obturator,  internal  pudic  and  sciatic  arteries. 

Posterior  Division. — (a)  Intrapelvic  branches :  the  ilio-lumbar  and  lateral  sacral  arteries; 
(b)  Extrapelvic  branch  :  the  gluteal  artery.  These  branches  of  the  two  divisions  of  the  artery  will 
be  referred  to  in  more  detail  in  the  account  of  the  various  parts  which  they  supply. 

From  the  foregoing  resume  it  will  be  seen  that  the  internal  iliac  artery 
is  distributed  to  the  walls  of  the  pelvis,  the  pelvic  viscera,  and  the 
external  genital  organs  in  both  sexes.  Its  larger  branches  are  destined 
for  the  gluteal  region  and  the  upper  part  of  the  thigh.  In  the  foetus  the 
internal  iliac  is  larger  than  the  external  iliac  artery,  it  closely  follows  the 
pelvic  brim,  and  ascends  along  the  posterior  aspect  of  the  anterior 
abdominal  wall  where  it  joins  its  companion  of  the  opposite  side  and 
passes  along  the  umbilical  cord  to  the  placenta,  it  is  consequently  called 
the  umbilical  artery.  After  birth  the  greater  part  of  the  internal  iliac 
artery  becomes  converted  into  a  fibrous  cord — the  obliterated  hypogastric 
artery. 
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The  rectum  or  terminal  segment  of  the  large  intestine  commences  in 
front  of  the  body  of  the  third  sacral  vertebra,  at  which  level  it  is  con- 
tinuous with  the  pelvic  colon,  and  terminates  at  the  anus  after  having  tra- 


The  Rectum. 


The  Pelvic  Colon. 


Tuberosity  of  the  Ischium. 

Obturator  Interims  M. 
Internal  Pudic  Vessels  and  Nerve. 


Ischio-rectal  Fossa. 


Levator  Ani  M. 

External  Sphincter  M. 


Rectal  Ampulla. 


Internal  Sphincter  M.     i    Columnae  Recti. 
Anal  Canal. 

FIG.  136. — Coronal  section  through  the  pelvis  of  an  elderly  male  subject.  The  posterior  sub- 
division of  the  pelvic  cavity  is  occupied  for  the  most  part  by  the  distended  rectum,  the  lateral 
infoldings  of  which  are  very  distinct.  The  section  has  traversed  the  ampulla  and  the  entire 
length  of  the  anal  canal— the  walls  of  the  latter  have  been  slightly  drawn  apart.  This  figure 
conveys  a  good  idea  of  the  pelvic  diaphragm.  The  two  levatores  ani  muscles  are  closely  applied 
against  the  sides  of  the  rectum,  and  separate  the  pelvic  cavity  above  from  the  ischio-rectal 
fossae  below.  Observe  the  musculature  of  the  anal  canal,  which  consists  of  certain  extrinsic 
muscles,  viz.,  the  levatores  ani  and  the  external  sphincter,  and  of  its  own  intrinsic  muscles, 
viz. ,  an  outer  longitudinal  and  an  inner  circular  layer  (internal  sphincter).  Note  the  columnse 
recti  at  the  upper  part  of  the  anal  canal  with  the  rectal  sinuses  intervening  between  their  basal 
extremities,  and  below  these  again  the  cutaneous  lined  segment  of  the  passage.  The  pelvic 
colon  has  been  lifted  up  to  some  extent  out  of  the  pelvis.  This  figure  should  prove  helpful 
in  connection  with  rectal  abscesses  and  fistula,  and  the  operative  surgery  of  rectal  cancer. 
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versed  the  pelvic  floor.  It  is  customary  to  subdivide  it  into  two  portions, 
the  rectum  proper  and  the  anal  canal.  The  former  lies  within  the  pelvic 
cavity,  its  lower  limit  corresponding  to  the  level  at  which  the  levatores 
ani  muscles  (pubo-rectales  portions)  come  into  contact  with  its  lateral 
aspects,  behind  the  apex  of  the  prostate  in  the  male,  the  lower  fourth  of 
the  posterior  vaginal  wall  in  the  female  (pars  pelvina  recti).  The  anal 
canal  or  extrapelvic  segment  of  the  rectum,  in  contrast  with  the  part 
which  it  succeeds,  is  very  fixed,  being  completely  surrounded  and 
laterally  compressed  by  the  levatores  ani  and  the  two  sphincters.  In 
consequence  of  its  physiological  function  it  is  also  known  as  the 
sphincteric  segment  of  the  rectum  (pars  analis  recti). 

The  Rectum  proper  is  from  five  to  six  inches  in  length.  At  its  commencement  it  usually 
lies  in  the  middle  line,  and  in  its  downward  course  to  the  pelvic  floor  it  describes  a  backward 
curve  which  closely  corresponds  to  that  of  the  sacrum  and  coccyx,  in  the  concavity  of  which  it 
rests.  In  addition  to  this  antero-posterior  curve  it  usually  presents,  especially  when  distended,  a 
series  of  lateral  foldings  or  inflexions,  a  good  representation  of  which  is  seen  in  fig.  136.  In  this 
specimen,  which  may  be  regarded  as  fairly  typical,  the  rectum  shows  three  well  marked  lateral 
curves,  the  upper  and  lower  of  which  are  directed  to  the  right,  and  the  intervening  one  to  the 
left.  All  the  structures  entering  into  the  composition  of  the  rectal  wall,  with  the  exception  of  its 
anterior  and  posterior  longitudinal  bands  and  some  of  the  longitudinal  fibres  on  its  lateral  aspects, 
take  part  in  these  infoldings,  and  these  give  rise  to  a  similar  number  of  horizontal  or  shelf-like 
projections  within  the  bowel — the  rectal  valves,  or  the  valves  of  Houston — which  partially  subdivide 
its  cavity  into  a  series  of  sacculated  compartments.  When  the  rectum  is  empty  its  lateral  infold- 
ings are  very  indistinct  and  the  rectal  valves  are  feebly  marked  (fig.  137) ;  its  general  direction 
also  deviates  but  slightly  from  the  middle  line.  The  lumen  of  the  rectum  is  not  uniform  ;  at  its 
upper  and  lower  extremities  it  is  comparatively  narrow,  but  between  these  points,  and  more 
particularly  in  its  lower  two-thirds,  it  is  expanded,  sometimes  to  an  enormous  extent,  forming 
what  is  known  as  the  rectal  ampulla.  The  anterior  rectal  wall,  immediately  above  the  anal  canal, 
occasionally  bulges  forwards  and  downwards  in  a  very  decided  manner,  especially  in  females  who 
have  borne  children,  and  in  whom  the  tissues  of  the  pelvic  floor  have  become  somewhat  relaxed 

(fig.  149)- 

Peritoneal  Relationships. — In  its  upper  part  the  rectum  proper  is  invested  by  peritoneum 
in  front  and  upon  each  side,  but  not  behind.  The  membrane  gradually  leaves  the  sides  of  the 
bowel,  and  last  of  all  its  anterior  aspect  and  is  reflected  from  it  to  the  posterior  aspect  of  the  bladder 
and  the  seminal  vesicles  at  the  bottom  of  the  recto-genital  or  recto-vesical  pouch,  one  inch  above 
the  base  of  the  prostate,  or  about  three  inches  above  the  anal  orifice.  In  the  female  the  peri- 
toneum is  reflected  from  the  rectum  at  a  similar  distance  from  the  anus,  to  the  upper  part  of  the 
vagina,  the  cervix  uteri,  and  the  broad  ligaments,  the  reflexion  here  forming  the  fundus  of  the 
pouch  of  Douglas  (recto-vaginal  or  recto-genital poucK). 

The  distance  of  the  recto-genital  pouch  of  the  peritoneum  from  the  anus  is  subject  to  con- 
siderable variability.  Sometimes  it  descends  beyond  the  limit  just  given  and  may  reach  to 
within  two  or  even  one  inch  of  the  anus.  On  the  other  hand,  the  reflexion  may  lie  considerably 
higher  than  three  inches  from  the  anus,  it  may  be  fully  four  or  four  and  a  half  inches  from  the 
latter.  It  would  appear  that  the  line  of  reflexion  rises  as  a  rule — but  not  invariably — when  the 
bladder  and  rectum  are  distended,  and  falls  when  these  viscera  assume  an  empty  and  contracted 
condition. 

Peritoneal  pouches  are  also  to  be  noted  at  the  sides  of  the  rectum,  especially  when  it  is 
empty.  They  correspond  to  the  reflexions  of  the  membrane  from  the  bowel  to  the  postero-lateral 
walls  of  the  pelvis,  and  are  known  as  the  pararectal  fossa  (Waldeyer) ;  they  are  usually  occupied 
by  coils  of  intestine.  When  the  rectum  becomes  distended,  however,  it  occupies  the  greater 
part  of  the  rectal  subdivision  of  the  pelvis  and  its  lateral  infoldings  are  very  evident  (fig.  136). 
With  the  expansion  of  its  subperitoneal  segment,  viz.,  the  rectal  ampulla,  the  peritoneum  which 
lines  the  pararectal  fossse,  and  which  is  loosely  attached  to  the  bowel  at  this  level,  is  raised  upwards 
and  these  fossse  are  to  a  large  extent  obliterated. 

Fascial  Relationships.  — In  front  the  rectum  is  separated  from  the  prostate,  bladder,  seminal 
vesicles,  and  vasa  deferentia  by  the  well  developed  recto-vesical  layer  of  the  pelvic  fascia  which  is 
continued  upwards  from  the  pelvic  floor  to  the  recto-vesical  reflexion  of  the  peritoneum.  The  recto- 
vaginal  fascia  in  front  of  the  female  rectum  is  represented  by  the  layer  of  loose  connective  tissue 
which  constitutes  the  recto-vaginal  septum.  Posteriorly  the  rectal  layer  of  the  pelvic  fascia 
(fascia  recti)  intervenes  between  the  rectum  in  front,  the  posterior  and  lower  pelvic  wall  behind. 
This  fascia,  which  is  seen  to  most  advantage  in  a  dissection  of  the  rectum  from  behind  (fig.  1 38), 
is  surrounded  on  both  sides  by  a  varying  amount  of  fatty  tissue,  and  when  traced  in  a  lateral 
direction,  viz. ,  from  behind  forwards,  is  found  to  fuse  on  each  side  with  the  visceral  layer  which 
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invests  the  seminal  vesicles  and  with  the  subperitoneal  tissue  which  surrounds  the  middle 
haemorrhoidal  vessels,  and  contributes  in  the  formation  of  the  intrapelvic  septum  described  above 
in  connection  with  the  pelvic  cellular  tissue.  In  front,  the  rectal  fascia  is  also  connected  with 


Crus  of  the  Corpus  Cavernosum 


Bulb  of  the  Corpus  Spongiosum. 


Ano-coccygeal  Body. 
Internal  Sphincter  Muscle. 


Anal  Canal. 
External  Sphincter  Muscle. 


FlG.  137. — Mesial  sagittal  section  through  the  pelvis  of  an  adult  male  subject,  drawn  from  a 
mounted  specimen  in  the  Anatomical  Department,  Trinity  College,  Dublin.  The  anterior 
and  posterior  relations  of  the  rectum  and  anal  canal  are  deserving  of  note.  Observe  also 
their  curved  outline,  the  direction  of  the  two  curves,  however,  being  in  opposite  directions. 
The  bladder  is  almost  empty.  Note  that  its  long  axis  is  directed  from  before  backwards, 
and  that  the  urethra  issues  from  its  floor  at  its  most  dependent  point.  The  curvatures  of  the 
urethra  are  to  be  noted  also.  The  first  stage  of  the  passage  traverses  the  prostate  almost 
vertically,  and  the  pre-urethral  and  post-urethral  segments  of  the  latter  are  very  evident. 
This  section  also  explains  what  is  meant  by  the  prostatic  area  of  the  bladder  floor.  The 
post-urethral  segment  of  the  prostate  is  traversed  obliquely  by  the  common  ejaculatory  duct. 
The  triangular  portion  of  the  prostate  above  this  is  what  is  usually  alluded  to  as  its  '  middle 
lobe.' 

the  recto-vesical  layer,  both  forming  as  it  were  a  fascial  sheath  for  the  rectum,  and  separating  it 
from  the  surrounding  structures.  Within  this  sheath  are  also  contained  some  fatty  tissue,  the 
main  divisions  of  the  superior  hsemorrhoidal  vessels,  some  branches  of  the  middle  hsemorrhoidal 
vessels,  the  main  lymphatic  trunks  leading  from  the  rectum,  and  some  lymphatic  glands.  When 
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Internal  Pudic  Nerve.        [ 

Coccygeus  Muscle.'  Obturator  Internus  Muscle. 

Inferior  Haemorrhoidal  Artery. 

Levator  Ani  Muscle.  Fascia  Recti  (visceral  pelvic  fascia) 

Tip  of  the  Coccyx. 

Posterior  Longitudinal  Muscular  Band  of  the  Rectum. 

FIG.  138. — Dissection  of  the  rectum  and  pelvic  diaphragm  from  behind.     The  boundaries  and 
principal  relationships  of  the  ischio-rectal  fossae  have  been  denned  ;  the  coccyx  and  half  of  the 
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the  rectal  fascia  is  followed  upwards  it  is  found  to  have  an  attachment  to  the  anterior  aspect  of 
the  third  or  fourth  sacral  segment.  A  good  idea  of  the  fascial  compartment  within  which  the 
rectum  is  contained  will  be  gained  from  fig.  146. 

Relations. — In  front. — In  the  male,  the  peritoneal  part  of  the  rectum  (upper  two-thirds)  is 
related  to  the  recto-genital  or  recto-vesical  pouch  within  which  some  coils  of  intestine  are  usually 
found  when  the  bladder  and  rectum  are  empty.  When  these  viscera  are  distended,  however, 
the  intestinal  coils  are  forced  upwards.  In  its  extraperitoneal  part  (lower  third)  the  rectum  is 
separated  by  the  recto-vesical  fascia  from  the  fundus  of  the  bladder,  the  ampullae  of  the  vasa 
deferentia,  and  the  seminal  vesicles — these  are  accurately  moulded  against  the  antero-lateral  aspect 
of  the  rectal  wall — and  the  back  of  the  prostate  (fig.  143). 

In  the  female,  the  rectum  is  related  in  its  peritoneal  part  to  the  recto-genital  or  recto-vaginal 
pouch,  and  in  its  extraperitoneal  part  to  the  posterior  vaginal  wall  as  far  as  its  lower  fourth,  some 
loose  connective  tissue  intervening. 

Behind.  — The  rectum  is  related  by  its  posterior  aspect  to  the  bodies  of  the  fourth  and 
fifth  sacral  vertebrae,  the  coccyx,  and  recto-coccygeus  muscles,  the  middle  sacral  artery  and  its 
companion  veins,  the  sympathetic  nerves,  the  coccygei  and  levatores  ani  muscles,  the  sacro- 
sciatic  ligaments,  the  lower  sacral  nerves,  the  rectal  layer  of  the  pelvic  fascia  and  some  fatty 
tissue,  the  primary  and  secondary  divisions  of  the  superior  hsemorrhoidal  artery  and  vein,  some 
branches  of  the  middle  haemorrhoidal  vessels,  the  superior  haemorrhoidal  lymphatic  vessels,  the 
ano-rectal  and  haemorrhoidal  lymphatic  glands. 

Laterally. — In  its  upper  or  peritoneal  part  the  rectum  is  related  on  each  side  to  the  outer 
wall  of  the  pararectal  fossa  and  to  the  sacro-genital  folds  (utero-sacral  in  the  female)  which  limit 
this  fossa  superiorly  and  separate  it  from  the  hypogastric  fossa.  In  its  extraperitoneal  part  the 
rectum  is  related  laterally  in  the  male  to  the  vasa  deferentia  and  to  the  upper  rounded  ex- 
tremities of  the  seminal  vesicles,  between  which  and  the  bladder  wall  are  found  the  terminal 
portions  of  the  ureters  (fig.  143).  On  its  lateral  aspects  also  the  rectum  receives  the  middle 
haemorrhoidal  vessels  in  both  sexes.  Each  of  these  vessels  carries  with  it  from  the  pelvic 
wall  an  ensheathing  layer  of  connective  tissue,  which  is  continued  into  the  fascial  investment 
of  the  rectum.  These  fibro- vascular  cords  have  been  termed  the  '  lateral  ligaments '  of  the 
rectum. 

The  Anal  Canal  (Symington)  is  the  short  and  narrow  passage  which  connects  the 
rectal  ampulla  with  the  exterior.  Its  average  length  is  from  one  to  one  and  a  half  inches, 
and  its  long  axis,  which  is  directed  from  before  downwards  and  backwards,  is  inclined  to  that 
of  the  rectum  proper,  almost  at  a  right  angle.  It  is  surrounded  by  the  internal  and  external 
sphincters  and  is  compressed  from  side  to  side  at  its  upper  extremity  by  the  levatores  ani 
muscles.  Except  during  the  act  of  defamation  its  lateral  walls  are  maintained  in  contact  by 
these  sphincteric  muscles,  and  the  passage  consequently  appears  on  section  as  an  antero- 
posterior  slit. 

Relations  of  the  Anal  Canal. — In  the  male  the  anal  canal  is  separated  in  front  from 
the  bulb  of  the  corpus  spongiosum  by  an  interval,  triangular  on  vertical  sagittal  section,  the 
apex  of  the  triangle  being  directed  upwards  and  the  base  downwards  towards  the  skin  (fig. 
137).  The  intervening  mass  of  tissue,  usually  known  as  the  perineal  body,  serves  as  the 
meeting-point  of  certain  of  the  perineal  muscles.  In  the  female  a  similar  mass  of  tissue 
separates  the  anal  canal  from  the  lower  part  of  the  posterior  vaginal  wall. 

The  anal  canal  is  related  posteriorly  to  the  ano-coccygeal  body.  This  term  has  been  em- 
ployed by  Symington  to  indicate  a  mass  of  muscular  and  connective  tissue  between  the  anus  and 
the  coccyx.  On  each  side,  in  addition  to  its  sphincter  muscles,  the  canal  is  related  to  the  fatty 
tissue  of  the  ischio-rectal  fossa. 

Structure  of  the  Rectal  Wall. — The  muscular  coat  of  the  rectum  resembles  that  of  the 
intestinal  tract  generally,  in  that  it  consists  of  an  outer  longitudinal  and  an  inner  circular  layer. 
The  longitudinal  fibres  are  much  better  developed  in  front  and  behind  than  at  the  sides,  forming 
anterior  and  posterior  longitudinal  bands.  When  the  longitudinal  fibres  are  traced  downwards  to 
the  anus  it  is  found  that  they  pass  through  the  median  gap  between  the  levatores  ani  muscles, 
and  are  connected  to  these  by  interchanging  fibres  and  by  some  connective  tissue.  The  longi- 
tudinal fibres  finally  pass  for  the  most  part  between  the  external  and  internal  sphincters  and  are 
inserted  into  the  deep  aspect  of  the  skin  ;  some,  however,  appear  to  pass  through  the  external 


sacrum  have  been  removed,  and  the  nerves  of  the  sacral  plexus  have  been  in  part  preserved. 
The  tip  of  the  coccyx  has  been  left,  however,  to  serve  as  a  landmark.  The  rectal  portion  of 
the  pelvic  fascia  which  was  spread  over  the  posterior  aspect  of  the  rectum— -fascia  recti 
— has  been  divided  and  turned  aside,  and  the  fatty  tissue  and  lymphatic  glands  overlying 
the  bowel  have  been  cleared  away.  The  portion  of  the  rectum  exposed  is  observed  taking 
a  well  marked  bend,  and  its  posterior  longitudinal  muscular  band  stands  out  prominently. 
The  two  main  divisions  of  the  superior  haemorrhoidal  artery  skirt  the  lateral  aspects  of  the 
bowel  and  send  their  branches  over  its  surface.  Observe  that  the  pelvic  diaphragm  faces 
almost  directly  backwards.  A  further  stage  in  this  dissection  is  represented  in  fig.  143,  p.  542. 


524 


APPLIED  ANATOMY 


sphincter  (fig.  139).  The  circular  muscular  layer  at  the  upper  part  of  the  anal  canal  undergoes 
a  sudden  increase  in  thickness  for  a  vertical  depth  amounting  to  three-quarters  of  an  inch,  and 
terminates  about  a  quarter  of  an  inch  above  the  anal  orifice ;  it  is  known  as  the  internal  sphincter. 

The  Mucous  Membrane  of  the  Rectum. — (a)  In  the  Rectum  proper. — When  the  rectum 
is  empty  its  walls  are  in  contact,  and  the  mucous  membrane,  which  presents  a  bright  pink  colour, 
is  arranged  in  a  series  of  longitudinal  folds ;  they  disappear,  however,  when  the  bowel  is 
distended,  but  this  cannot  be  said  of  the  horizontally  directed  valves,  the  origin  of  which  has 
been  accounted  for  above  in  the  lateral  infoldings  of  the  rectal  wall.  The  number  of  these  valves 
varies.  In  the  specimen  represented  by  fig.  136  three  valves  were  present,  two  on  the  left  rectal 
wall  and  one  on  the  right  midway  between  the  others.  This  latter  valve  is  usually  well  developed, 
and  its  level  closely  corresponds  to  the  fundus  of  the  recto-genital  pouch.  The  permanency  of 
these  valves  depends  no  doubt  upon  the  arrangement  of  the  anterior  and  posterior  longitudinal 
muscular  bands.  Throughout  its  entire  extent  the  rectal  mucous  membrane  possesses  Leiber- 
kiihn's  glands  and  solitary  follicles. 

(b)  In  the  Anal  Canal. — The  mucous  membrane  at  the  upper  part  of  the  passage  is  arranged 


Rectal  Mucosa. 

Rectal  Submucosa. 

Outer  Muscular  Layer  of  the  Rectum. 

Levator  Ani  Muscle. 

Rectal  Sinus. 
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FIG.  139.— Vertical  section  through  the  lower  part  of  the  rectum  and  the  anal  canal,  enlarged. 
The  musculature  of  the  anal  canal  is  deserving  of  attention — see  text.  The  depth  of  the 
mucous  membrane,  viz.  Lieberkiihn's  gland,  has  been  somewhat  exaggerated. 

in  a  series  of  vertically  directed  ridges,  the  so-called  columnar  recti  or  columns  of  Morgagni. 
These  measure  about  half  an  inch  in  length,  and  vary  in  number  from  eight  to  twelve.  They  are, 
however,  by  no  means  regular  in  their  arrangement,  but  present  considerable  irregularity  in  shape 
and  size.  They  are  of  a  permanent  character,  and  do  not  become  obliterated  when  the  canal 
is  stretched.  Superiorly,  their  junction  with  the  mucous  membrane  of  the  ampulla  is  marked  by 
a  wavy  sinuous  line  (ano-rectal).  At  their  lower  extremities  they  widen  out  slightly  and  their 
bases  are  connected  by  slender  crescentic  folds  of  mucous  membrane,  the  so-called  anal  valves, 
each  of  which  represents  in  miniature  one  of  the  sigmoid  valves  of  the  pulmonary  artery  or  the 
aorta.  The  little  pouches  formed  by  these  valves  are  called  the  rectal  sinuses  (fig.  139).  The 
lower  extremity  of  the  anal  canal  is  lined  by  skin,  which  is  usually  pigmented  ;  at  the  anal  orifice 
it  is  puckered  up  and  forms  a  series  of  radiating  folds,  and  a  little  further  outwards  it  contains 
hairs  and  sebaceous  glands  (circumanal).  Between  the  skin  at  the  anal  orifice  and  the  columns 
of  Morgagni  there  is  a  narrow  intermediate  portion  of  a  greyish  white  colour,  almost  cicatricial  in 
appearance.  It  is  called  the  '  smooth  cutaneous  zone?  and  is  sometimes  alluded  to  as  '  Hilton's 
white  line.'  The  compound  squamous  epithelium  of  the  skin  meets  the  columnar  epithelium 
of  the  mucous  membrane  at  the  lower  extremities  of  the  columns  of  Morgagni  (ano-cutaneous 
junction). 
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BLOOD-VESSELS.— ARTERIES.— The  arteries  which  convey  blood  to  the  rectum 
are  the  superior,  middle,  and  inferior  hsemorrhoidal  and  the  middle  sacral.  The  middle 
and  inferior  hsemorrhoidal  are  bilateral  vessels  with  a  symmetrical  arrangement,  the  superior 
haemorrhoidal  and  middle  sacral  arteries  are  single  vessels. 

The  Superior  Haemorrhoidal  Artery  is  the  direct  continuation  of  the  inferior  mesenteric 
into  the  pelvis.  Having  crossed  the  left  common  iliac  artery,  it  runs  downwards  between  the 
layers  of  the  mesentery  of  the  pelvic  colon  near  their  posterior  or  parietal  attachment.  On 
reaching  the  commencement  of  the  rectum  the  artery  usually  bifurcates  into  a  right  and  left 
division,  both  of  which  are  surrounded  by  a  layer  of  soft  fatty  tissue  which  fills  up  the  space 
between  the  rectal  fascia  and  the  bowel  wall.  They  give  off  a  number  of  branches  which  spread 
over  the  rectum,  behind,  laterally,  and  in  front  (fig.  138).  About  three  inches  above  the  anus 
these  vessels  pierce  the  muscular  coat,  they  communicate  freely  within  the  lax  submucous  tissue, 
and  may  be  traced  downwards  into  the  columns  of  Morgagni  within  the  anal  canal.  The 
superior  haemorrhoidal  artery  is  accompanied  by  the  superior  hsemorrhoidal  vein,  a  tributary 
of  the  portal  system,  and  by  the  larger  lymphatic  trunks.  It  anastomoses  with  the  middle 
hsemorrhoidal  arteries  both  on  the  exterior  of  the  rectum  and  in  the  submucous  coat.  In 
the  anal  canal  anastomoses  are  established  also  between  the  superior  and  inferior  hsemorrhoidal 
arteries. 

The  Middle  Haemorrhoidal  Artery  is  represented,  as  a  rule,  by  two  or  more  branches, 
which  originate  either  in  the  trunk  of  the  internal  iliac  artery  or  in  one  of  its  larger  branches — 
internal  pudic,  inferior  vesical.  They  pass  downwards  and  inwards  obliquely,  enveloped  in  a 
sheath  of  connective  tissue,  and  the  principal  branch  which  runs  close  alongside  the  outer  border 
of  the  seminal  vesicle  pierces  the  rectal  fascia  and  comes  into  contact  with  the  rectal  wall.  Its 
smaller  divisions  pierce  the  muscular  coat,  and  break  up  into  their  finer  ramifications  in  the 
submucous  coat  of  the  bowel.  Both  before  and  after  piercing  the  rectal  wall  this  artery  anas- 
tomoses with  the  superior  haemorrhoidal  artery.  Within  the  sphincteric  zone  it  also  anastomoses 
with  the  inferior  hsemorrhoidal  artery.  Other  branches  of  the  middle  hsemorrhoidal  artery  supply 
the  seminal  vesicle,  the  prostate,  and  the  bladder  ;  in  the  female,  they  contribute  to  the  supply 
of  the  vagina  and  bladder.  The  middle  haamorrhoidal  veins  are  tributaries  of  the  internal  iliac 
(systemic  system). 

The  Inferior  Haemorrhoidal  Artery  is  usually  represented  by  two  or  more  branches  which 
spring  from  the  internal  pudic  at  the  posterior  part  of  the  ischio-rectal  fossa  (fig.  138).  Having 
pierced  the  obturator  fascia  these  slender  vessels  are  directed  obliquely  downwards  and  inwards 
towards  the  anus,  traversing  the  fatty  tissue  of  the  fossa.  Some  branches  are  destined  to  supply 
the  levator  ani  and  the  external  sphincter  ;  others,  however,  pierce  the  external  and  internal 
sphincters,  and  are  distributed  to  the  mucous  membrane  and  skin  within  the  anal  canal, 
anastomosing  with  the  superior  and  middle  hsemorrhoidal  arteries. 

The  Middle  Sacral  Artery  contributes  a  few  small  branches  to  the  rectum.  They  arise 
opposite  the  lower  extremity  of  the  sacrum,  and  having  reached  the  posterior  aspect  of  the 
rectum,  they  take  part  in  the  supply  of  its  muscular  coat.  It  is  doubtful  if  any  reach  the  mucous 
membrane. 

VEINS. — At  the  upper  part  of  the  anal  canal,  beneath  the  mucous  membrane,  there  is  a 
plexus  of  minute  veins,  the  radicles  of  the  superior  luzmorrhoidal  plexus.  In  the  recesses 
between  the  columns  of  Morgagni  minute  clusters  of  veins  are  to  be  found  which  occasionally 
present  a  glomerular  arrangement  and  are  possessed  of  very  thin  walls,  the  portion  of  the  anal 
canal  which  they  occupy  being  known  as  the  '  haamorrhoidal  zone.'  The  vessels  which  lead 
away  from  this  plexus  take  a  fairly  straight  ascending  course,  lying  at  first  in  the  columns  of 
Morgagni,  and  subsequently  in  the  submucous  coat  of  the  ampulla  where  they  are  joined  by 
other  veins  and  form  a  rich  network.  Having  ascended  for  a  couple  of  inches,  they  pierce 
the  muscular  coat  of  the  rectum  and  join  the  superior  hsemorrhoidal  veins,  which  are  continued 
into  the  inferior  mesenteric  vein  (portal  system).  A  certain  number  of  the  veins  which  originate 
in  the  superior  hcemorrhoidal  plexus  within  the  anal  canal  and  in  the  rectum  proper 
above  this,  having  pierced  its  muscular  coat,  join  the  middle  hsemorrhoidal  veins  (systemic 
system). 

The  venous  radicles  within  the  subcutaneous  tissue  at  the  lower  part  of  the  anal  canal  and  in 
the  immediate  vicinity  of  the  anal  orifice  constitute  the  inferior  hamorrhoidal  plexus.  Within 
the  anal  canal  they  communicate  freely  with  the  radicles  of  the  superior  hsemorrhoidal  plexus. 
Their  efferent  stems  for  the  most  part  radiate  away  from  the  anus  beneath  the  external 
sphincter,  and  sink  into  the  fatty  tissue  of  the  ischio-rectal  fossa  and  join  the  inferior  hsemor- 
rhoidal veins  (internal  pudic).  According  to  Quenu,  they  communicate  in  front  with  the  veins  of 
the  scrotum  in  the  male  and  with  those  of  the  labia  in  the  female. 

Some  offshoots  from  the  superior  hemorrhoidal  plexus  pass  outwards  through  the  lower  part  of 
the  rectal  wall  and  the  external  sphincter,  and  form  a  plexus  which  is  in  connection  with  the 
inferior  hsemorrhoidal  veins. 

LYMPHATICS. — The  lymphatic  vessels  of  the  rectum  have  a  plexiform  arrangement  in 
the  mucous  and  submucous  coats.  The  larger  stems  towards  which  they  converge  associate  them- 
selves with  the  superior  hsemorrhoidal  veins,  and  having  pierced  the  muscular  coat,  continue 
their  upward  course  to  the  mesentery  of  the  pelvic  colon  and  are  connected  with  the  hamor- 
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rhoidal  lymphatic  glands.  Some  of  the  lower  lymphatics  are  connected  with  a  small  group  of 
glands  situated  behind  the  rectal  ampulla  and  the  upper  extremity  of  the  anal  canal  (ano-rectal 
glands  of  Gerotha).  Some  of  the  rectal  lymphatics  appear  to  follow  the  middle  haemorrhoidal 
vessels  and  to  obtain  connection  with  the  internal  iliac  glands  which  are  situated  in  the  vicinity 
of  the  great  sacro-sciatic  foramen.  The  lymphatics  belonging  to  the  cutaneous  zone  of  the  anal 
canal  communicate  freely  with  those  higher  up  ;  the  majority,  however,  of  this  inferior  hsemor- 
rhoidal  set  ultimately  join  the  inner  group  of  the  inguinal  glands,  having  traversed  the  perineal 
region  and  the  inner  aspect  of  the  thigh. 

NERVES. — The  rectum  receives  both  sympathetic  and  cerebro-spinal  nerve  fibres,  and  in 
their  passage  to  the  bowel  both  sets  traverse  the  pelvic  connective  tissue  in  close  conjunction 
with  the  rectal  blood-vessels  ;  thus  the  inferior  mesenteric  plexus  sends  offshoots  to  the  rectum 
along  the  superior  haemorrhoidal  artery,  and  the  pelvic  plexuses  which  are  derivatives  of  the 
hypogastric  plexus  send  their  contribution  to  it  along  with  the  middle  haemorrhoidal  vessels. 
The  cerebro-spinal  fibres  come  from  the  second,  third,  and  fourth  sacral  nerves,  and  reach 
the  rectum  by  way  of  the  pelvic  plexuses.  The  skin  at  the  anus  and  within  the  lower  part 
of  the  anal  canal  is  supplied  by  the  internal  pudic  nerve  through  its  inferior  hsemorrhoidal 
branches. 

Digital  Examination  of  the  Rectum. — Valuable  information  regard- 
ing not  only  the  interior  of  the  rectum  but  also  the  parts  which  lie 
in  proximity  to  its  outer  aspect  can  often  be  obtained  by  this  method  of 
examination.  The  individual  lies  upon  the  left  side  or  upon  the  back, 
with  both  lower  limbs  fully  drawn  up.  The  right  index  finger 
having  been  well  lubricated,  is  inserted  through  the  anal  orifice  and 
directed  forwards  and  upwards  in  the  long  axis  of  the  anal  canal.  At 
this  stage  of  the  examination  the  degree  of  tonicity  of  the  sphincters 
will  be  appreciated,  and  one  will  recognise  a  deep  contraction  at  the 
upper  limit  of  the  anal  canal,  due  to  the  levatores  ani,  and  a  more 
superficial  but  less  forcible  contracting  zone  at  its  lower  part,  caused  by 
the  external  sphincter.  Within  the  ampulla  the 'examining  finger 
should  be  directed  backwards  to  the  hollow  of  the  sacrum.  In  contrast 
with  the  anal  canal,  this  part  of  the  rectum  is  capacious  and  roomy  ; 
sometimes  it  is  found  distended  to  an  enormous  extent,  constituting 
the  so-called  'ballooned  rectum.'  The  lowermost  rectal  valve  is 
occasionally  perceived  at  this  stage  as  an  inwardly  projecting  fold,  which 
may  to  some  extent  impede  the  progress  of  the  examining  finger ;  very 
commonly  it  is  a  cause  of  difficulty  in  passing  the  long  tube.  Certain 
pathological  states  of  mucous  membrane,  if  present,  may  be  recognised, 
such  as  a  stricture  or  a  polypoid  growth.  The  finger  carried  posteriorly 
from  side  to  side  readily  explores  the  anterior  aspect  of  the  coccyx  and 
lower  part  of  the  sacrum  over  which  the  rectum  moves  with  great 
freedom.  In  front  in  the  male,  and  about  one  to  one  and  a  half  inches 
from  the  anus,  the  apex  of  the  prostate  is  recognised,  and  above  this 
the  posterior  aspect  of  this  solid  body  is  readily  delimited  owing  to  its 
regular  contour  and  firm  consistency.  Beyond  the  prostate,  the  finger, 
following  the  middle  line,  comes  into  contact  with  the  interampullary 
area  of  the  bladder.  When  the  latter  viscus  is  full  it  conveys  to  the 
finger  a  sense  of  elastic  resistance ;  when  it  is  empty,  however,  the  coils 
of  small  intestine  rest  upon  the  finger  here.  On  each  side  of  the  middle 
line,  above  the  prostate,  the  finger  may  detect  the  seminal  vesicles  as 
elongated  bodies  diverging  from  each  other.  The  vasa  deferentia  which 
closely  follow  the  inner  borders  of  these  vesicles  meet,  and  lie  side  by 
side  for  a  short  distance  above  the  base  of  the  prostate ;  they  convey 
the  sensation  of  firm,  cord-like  structures. 

In  the  female  the  finger  comes  into  contact  in  front  with  the  vagina, 
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and  above  this  with  the  cervix  uteri.  The  feel  of  the  latter  is  sometimes 
deceptive,  and  from  its  proximity  to  the  rectum  and  its  firm  consistency 
it  has  been  mistaken  more  than  once  for  a  rectal  tumour.  The  bimanual 
method  of  examination  in  the  female  with  one  finger  in  the  rectum,  the 
other  hand  being  applied  simultaneously  to  the  anterior  abdominal  wall, 
is  a  helpful  method  of  diagnosis  regarding  the  position  of  the  uterus, 
ovaries,  and  Fallopian  tubes,  and  certain  pathological  conditions  to  which 
these  are  subject. 

Rectal  Abscesses  and  Fistulae. — Suppuration  in  connection  with  the 
rectum  may  be  situated  either  in  the  bowel  wall  or  in  its  immediate 
vicinity.  Under  the  latter  heading  are  grouped  those  abscess  collections 
which  occasionally,  though  rarely,  are  found  in  relation  to  the  rectum 
within  the  pelvis — superior  pelvi-rectal  space  of  Richet,  Another  and 
much  more  frequent  site  for  abscess  is  the  ischio-rectal  fossa,  the  con- 
tents of  which  consist  mainly  of  fatty  tissue  situated  below  and  behind 
the  levatores  ani  muscles,  and  therefore  extrapelvic — inferior  pelvi-rectal 
space, 

From  the  topographical  standpoint  rectal  abscesses  may  be  classified 
as  follows: — (i)  Those  which  are  quite  superficial,  and  situated  at 
the  anal  orifice  or  in  its  immediate  vicinity.  (2)  Those  which 
are  situated  more  deeply  and  quite  outside  the  rectum,  (a)  extra- 
pelvic — in  the  ischio-rectal  fossa — and  (b)  intrapelvic — in  the  superior 
pelvi-rectal  space.  (3)  Diffuse  ano-rectal  cellulitis,  or  gangrenous 
periproctitis. 

Superficial  Abscesses  in  the  vicinity  of  the  Anal  Orifice  originate 
not  infrequently  in  one  of  the  hair  follicles,  sebaceous  or  sweat  glands, 
situated  in  this  region,  and  have  very  much  the  general  features  of  a 
boil  or  furuncle ;  they  are  sometimes  known  as  marginal  abscesses. 
Suppuration  beneath  the  rectal  mucous  membrane — intermural  abscess — 
sometimes  follows  inflammation  and  thrombosis  of  haemorrhoids.  Both 
subcutaneous  and  submucous  abscesses  usually  remain  superficial,  and 
limited  to  the  immediate  vicinity  of  their  starting-point,  but  unless 
relieved  by  an  early  incision,  are  apt  to  undermine  the  surrounding  skin 
and  mucous  membrane,  to  a  varying  extent,  before  the  spontaneous  dis- 
charge of  their  contents  takes  place.  The  openings  left  not  uncommonly 
persist  as  sinuses  or  fistulous  tracks,  the  orifices  of  which  are  situated 
outside  the  anus  or  within  the  anal  canal.  As  a  rule,  these  fistulas  have  a 
mucous  as  well  as  a  cutaneous  opening,  and  are  situated  altogether 
below  the  external  sphincter  (infrasphincteric). 

An  Ischio-rectal  Abscess  usually  originates  deeply  in  the  interval 
between  the  tuber  ischii  and  the  anus,  and  may  be  either  acute  or 
chronic  in  character.  The  chronic  or  tubercular  form  is  frequently 
associated  with  pulmonary  phthisis,  and  it  would  appear  as  if  the 
infection  had  its  source  in  swallowed  sputum  laden  with  tubercle  bacilli. 
Ischio-rectal  abscesses  occasionally  attain  large  proportions,  and  occupy 
the  greater  part  of  the  space.  They  have  been  known  to  make  their 
way  upwards  through  the  levator  ani  to  the  pelvic  cavity.  More 
commonly,  however,  unless  evacuated  by  an  early  incision,  they  approach 
the  skin,  and  if  left  to  themselves  open  spontaneously  ;  they  have  a 
decided  tendency  to  open  into  the  anal  canal  also.  The  level  at  which 
this  takes  place  is  usually  just  above  the  external  sphincter,  as  it  is 
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towards  this  point  the  pus  is  directed  when  it  comes  into  contact  with 
the  inner  wall  of  the  fossa.  It  makes  its  way  through  the  lower  fibres 
of  the  levator  ani,  and  through  the  rectal  wall  into  the  anal  canal,  and 
when  the  abscess  cavity  shrinks  a  suppurating  track  or  fistula  remains 
connecting  the  mucous  with  the  cutaneous  opening.  This  variety  of 
fistula  differs  in  one  very  important  particular  from  that  which  follows  a 
superficial  abscess.  In  the  latter  case  the  fistula  is  situated  below  and  to 
the  inner  aspect  of  the  external  sphincter,  whereas  in  the  former  case  it 
lies  to  the  outer  side  of  the  external  sphincter,  and  enters  the  rectum 
above  it.  The  importance  of  this  distinction  will  be  seen  when  the 
question  of  treatment 'is  considered.  In  all  cases  of  complete  rectal 
fistula  the  plan  of  treatment  briefly  consists  in  passing  a  probe  or 
grooved  director  along  it  to  act  as  a  guide,  and  in  dividing  the  bridge 
of  tissue  between  the  two  openings.  In  one  case,  therefore,  the  external 
sphincter  will  be  divided,  in  the  other  it  will  remain  intact,  and  the 
practical  significance  of  this  fact  will  be  evident  when  the  physiological 
function  of  the  muscle  is  considered. 

An  Abscess  in  the  Superior  Pelvi-rectal  Space  by  no  means 
necessarily  implies  a  rectal  origin.  It  may  be  due  to  disease  of  some 
neighbouring  structure,  osteitis  of  the  sacrum  or  coccyx  for  example, 
suppurating  hgemorrhoidal  glands  ;  in  the  female  it  may  be  secondary  to 
a  cellulitis  originating  beside  the  cervix  uteri  (parametritis).  In  the 
male  it  has  been  observed  to  start  in  inflammation  around  the  prostate 
or  seminal  vesicles.  In  making  their  way  from  above  downwards  these 
abscesses  not  uncommonly  select  the  middle  line  behind  the  anus,  as  it  is 
the  most  dependent  situation.  They  sometimes  make  their  way,  how- 
ever, into  the  ischio-rectal  fossa  by  perforating  the  levator  ani  at  the  side 
of  the  rectum,  and  subsequently  reach  the  skin.  It  is  noteworthy  that 
they  rarely  penetrate  the  rectum,  and  the  sinus  which  remains  after  the 
discharge  of  their  contents  will  probably  be  found  to  have  a  deep  con- 
nection within  the  pelvis. 

Diffuse  Ano-rectal  Cellulitis,  or  Gangrenous  Periproctitis,  is  a 
rare  pathological  condition  in  which  an  acute  and  rapidly  spreading 
cellulitis  invades  the  ischio-rectal  fossa  on  one  or  both  sides,  and  quickly 
makes  its  way  through  the  pelvic  diaphragm  to  the  superior  pelvi-rectal 
space.  It  is  not  accompanied  by  the  formation  of  definite  collections  of 
pus,  but  rather  by  a  general  serous  infiltration,  and  is  very  prone  to 
terminate  in  gangrene  of  a  limited  or  extensive  character  unless  relieved 
by  early  incisions.  In  its  most  typical  form  it  is  seen  as  a  complication 
of  rectal  operations,  such  as  sacral  excision,  in  which  a  large  wound  is 
made,  opening  up  extensive  tracts  of  tissue,  which  are  subsequently 
exposed  to  the  infective  influences  of  the  bacterial  flora  of  the  rectum. 
This  diffuse  form  of  inflammation,  apart  from  wound  infection,  is  an 
event  of  great  rarity. 

Haemorrhoids  have  their  origin  in  a  varicose  condition  of  the  veins 
of  the  superior  and  inferior  haemorrhoidal  plexuses,  the  former  being 
situated  within  the  anal  canal,  the  latter  around  the  anal  orifice.  In 
the  description  given  above  of  the  superior  hsemorrhoidal  plexus,  it 
was  stated  that  its  radicles  were  usually  found  coiled  and  twisted  in 
glomerular  fashion  and  arranged  in  small  clusters  beneath  the  mucous 
membrane ;  their  walls  also  are  thin  and  frequently  present  dilatations 
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and  sacculations.  It  is  probable,  however,  that  the  latter  are  really  of 
a  pathological  nature,  haemorrhoids  in  miniature  as  it  were.  When  the 
haemorrhoidal  radicles  become  varicose  they  dilate  enormously  and  form 
definite  vascular  tumours,  with  sessile  attachments  as  a  rule,  and  consist 
mainly  of  tortuous,  dilated  and  sacculated  veins,  surrounded  by  the  lax 
submucous  tissue. 

Haemorrhoids  arising  in  connection  with  the  superior  haemorrhoidal 
veins  are  situated,  at  first  at  all  events,  at  the  upper  part  of  the  anal  canal 
which  is  normally  occupied  by  the  columns  of  Morgagni  (Jt&morrhoidal 
zone).  They  are  covered  by  a  layer  of  mucous  membrane  and  have 
consequently  been  called  internal  haemorrhoids  to  distinguish  them  from 
those  which  originate  in  the  inferior  haemorrhoidal  plexus,  beneath  the 
skin  at  the  anal  orifice,  and  which  are  called  external  haemorrhoids. 
Owing  to  the  laxity  of  the  submucous  tissue,  internal  haemorrhoids 
are  sometimes  found  quite  low  down  in  the  anal  canal  in  a  partially 
prolapsed  state,  and  appear  as  a  ring  of  swollen  mucous  membrane, 
imperfectly  subdivided  into  a  number  of  dull  red  or  livid  masses.  Some- 
times they  become  altogether  prolapsed,  the  lower  part  of  the  anal  canal 
at  the  same  time  undergoing  complete  eversion. 

In  connection  with  the  aetiology  of  haemorrhoids  there  are  certain 
predisposing  factors  of  an  anatomical  character  deserving  of  notice, 
(i)  The  superior  haemorrhoidal  radicles  are  the  most  distal  tributaries  of 
the  portal  vein  and  consequently  are  very  liable  to  suffer  from  the  effects 
of  increased  portal  pressure  arising  from  any  cause.  This  will  be  all  the 
more  accentuated  by  (2)  the  absence  of  valves  throughout  the  portal 
system,  and  (3)  the  erect  posture  of  man.  The  last  is  without  doubt  the 
most  potent  determining  cause  of  haemorrhoids.  They  are  practically 
unknown  in  quadrupeds,  in  which  the  blood-vessels  returning  from  the 
rectum  are  directed  horizontally  and  the  circulation  consequently  carried 
out  under  more  favourable  pressure  conditions. 

In  those  who  suffer  from  chronic  constipation,  faeces  habitually 
accumulate  within  the  rectum  and  attain  a  very  firm  consistency  in 
consequence  of  the  absorption  of  their  watery  parts.  The  pressure 
exerted  by  these  masses  against  the  rectal  mucous  membrane  is  sufficient 
to  compress  the  ascending  branches  of  the  superior  haemorrhoidal  veins 
and  cause  a  state  of  venous  congestion  in  the  haemorrhoidal  plexuses. 
Certain  important  anastomoses  are  effected  by  the  superior  haemorrhoidal 
tributaries  of  \htportal  system  with  the  middle  and  inferior  haemorrhoidal 
veins  which  belong  to  the  caval  or  systemic  system :  the  principal  are, 
(i)  Anastomoses  beneath  the  muco-cutaneous  lining  of  the  anal  canal, 
between  the  superior  and  inferior  haemorrhoidal  veins.  Experimental 
injections  upon  the  cadaver  have  shown  that  the  internal  pudic  veins 
which  receive  the  inferior  haemorrhoidal  veins  can  readily  be  injected 
from  the  superior  haemorrhoidal  or  its  parent  stem,  the  inferior 
mesenteric  vein.  (2)  The  middle  haemorrhoidal  veins  are  mainly 
composed  of  vessels  returning  from  the  prostate,  seminal  vesicles,  and 
bladder  in  the  male,  the  vagina  in  the  female.  The  tributaries  com- 
ing from  the  rectum  anastomose  with  the  superior  haemorrhoidal 
veins  both  on  the  exterior  of  the  rectal  wall  and  in  the  submucous 
coat,  and  form  a  connecting  link  between  the  portal  radicles  and  the 
internal  iliac  vein. 
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These  portal-systemic  communications  possess  a  safety-valve  function 
in  relieving  the  portal  vessels  when  these  become  overdistended.  It  is 
not  definitely  known  which  channel  is  the  more  important,  that  by  the 
middle  or  that  by  the  inferior  haemorrhoidal  veins. 

Haemorrhoids  are  a  source  of  much  suffering  and  of  deranged  health. 
The  overdistended  veins  often  bleed  to  such  an  extent  as  to  cause  a 
profoundly  anaemic  state.  They  are  very  prone  also  to  inflammation,  as 
the  result  of  which  large  thrombi  form  in  the  affected  vessels,  giving  rise 
to  a  considerable  degree  of  local  swelling  and  acute  pain.  As  a  rule,  the 
process  ends  in  resolution,  but  occasionally  it  is  followed  by  suppuration. 
The  resulting  abscess  is  situated  beneath  the  mucous  membrane  near 
the  anal  orifice  and  is  therefore  quite  superficial — see  Abscess,  and 
Fistula. 

Painful  Fissure  of  the  Anus. — Ulceration  of  an  excessively  painful 
nature  is  sometimes  situated  within  the  anal  canal.  The  ulcer  is  quite 
superficial  and  lies  hidden  between  the  folds  which  radiate  from  the 
anus.  Its  characteristic  feature,  however,  is  that  it  is  always  associated 
with  intense  spasm  of  the  sphincter  muscles.  That  this  is  largely  a 
reflex  manifestation  is  evident,  taking  into  account  the  nerve  supply  of 
the  part.  The  anal  integument,  which  possesses  a  high  degree  of  sensi- 
bility, is  supplied  by  the  inferior  haemorrhoidal  nerve,  a  branch  of  the 
internal  pudic  which  is  derived  from  the  third  and  fourth  sacral  nerves. 
The  external  sphincter  is  also  supplied  mainly  by  the  inferior  haemor- 
rhoidal nerve.  The  levatores  ani  too  are  innervated  by  the  third  and 
fourth  sacral  nerves.  It  will  be  seen  therefore  that  the  anal  integument 
and  the  sphincteric  muscles  of  the  anal  canal  have  a  similar  nerve  supply. 
An  ingenious  explanation  of  anal  fissure  has  been  given  by  Ball. 
According  to  him,  the  small  ulcer  which  is  present  in  these  cases  is 
brought  about  by  the  partial  tearing  away  of  one  of  the  small  rectal 
valves.  The  detached  valve  hangs  downwards  and  appears  as  a  tag  of 
mucous  membrane  at  the  lower  extremity  of  the  fissure.  At  each  effort 
of  defaecation  traction  is  brought  to  bear  upon  it  and  tends  to  tear  it 
away  further  from  its  attachments.  In  proof  of  the  correctness  of  his 
view  on  the  pathology  of  this  affection,  he  states  that  it  is  merely 
necessary  to  snip  away  the  basal  attachment  of  the  valve  in  order  to 
effect  a  cure.  That  this  view  is  correct,  in  some  cases  at  all  events,  the 
author  is  fully  convinced. 

Prolapse  of  the  Rectum. — By  this  is  meant  the  protrusion  through 
the  anal  orifice  of  part  or  the  entire  thickness  of  the  rectal  wall.  In  the 
former  case  the  prolapse  consists  entirely  of  mucous  membrane  and  is 
termed  partial ;  in  the  latter  case  it  is  said  to  be  complete. 

Partial  Prolapse. — The  loose  connection  between  the  mucous 
membrane  and  the  muscular  coat  of  the  bowel  greatly  facilitates  this 
form  of  prolapse.  A  good  example  is  that  occasionally  seen  with 
haemorrhoids,  which,  in  consequence  of  their  size  and  the  traction  they 
exert  upon  the  mucous  membrane,  show  a  marked  tendency  to  descend 
and  protrude  through  the  anus.  A  partial  prolapse  is  usually  of  limited 
extent  and  may  involve  but  a  part  of  the  anal  circumference.  The 
prolapsed  part  consists  of  bright  red  mucous  membrane,  and  is  directly 
continuous  with  the  anal  integument.  Partial  prolapse  appears  to  be 
most  common  in  young  children. 
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Complete  Prolapse. — The  comparative  rarity  of  this  variety  is  to  be 
accounted  for  by  the  secure  manner  in  which  the  rectum  is  held  in  posi- 
tion. As  predisposing  causes  may  be  mentioned,  weakening  or  relaxation 
of  the  pelvic  floor  and  of  the  external  sphincter  which  support  the 
rectum  below  ;  to  this  may  be  added,  relaxation  of  the  rectal  suspensory 
apparatus.  This  latter  mainly  includes  the  pelvic  mesocolon  and  its 
contained  vessels,  together  with  the  middle  haemorrhoidal  vessels  on  each 
side.  Increased  intra-abdominal  pressure  undoubtedly  plays  an  impor- 
tant part  in  bringing  about  prolapse,  consequently  it  is  not  uncommonly 
associated  with  urethral  stricture,  enlarged  prostate,  and  chronic  bronchitis, 
in  all  of  which  there  is  sudden  and  frequently  repeated  increase  of  intra- 
abdominal  pressure.  In  a  complete  prolapse,  the  protruded  part  consists 
of  two  concentric  cylinders.  The  outer  is  continuous  superiorly  at  its 
base  with  the  anal  integument,  and  the  inner  or  enclosed  cylinder 
ascends  within  it  through  the  anus  into  the  pelvis,  where  it  is  continuous 
with  the  pelvic  colon.  A  complete  prolapse  may  attain  very  large 
dimensions,  and,  when  this  happens,  the  peritoneum  of  the  recto-vesical 
or  recto-vaginal  pouch  is  found  to  descend  and  form  a  distinct  cul-de-sac 
in  front,  between  the  outer  and  inner  cylinders.  Into  this  pouch  a  piece 
of  small  intestine  or  the  great  omentum  may  find  its  way  and  become 
herniated,  causing  a  marked  and  sudden  increase  in  the  size  of  the 
prolapsed  part.  Posteriorly  a  peritoneal  pouch  is  of  course  absent,  and 
as  the  pelvic  mesocolon  and  its  contained  vessels  descend  but  to  a 
limited  extent,  it  is  not  uncommon  for  the  prolapse  to  assume  a  decided 
backward  curve,  in  consequence  of  the  resistance  offered  to  the  descent 
of  the  bowel  by  these  structures. 

Prolapse  may  be  associated  with  intussusception  or  invagination 
of  some  part  of  the  rectum  high  up  into  the  immediately  adjoining 
segment  below,  the  intussuscepted  part  eventually  emerging  through  the 
anus.  Intussusceptions  also  which  originate  in  the  colon,  and  even  in 
the  ileo-caecal  region  (p.  483),  may  behave  in  a  similar  manner.  In  true 
prolapse  the  base  of  the  outer  cylinder  is  continuous  with  the  skin  at  the 
anal  margin,  but  when  prolapse  is  associated  with  invagination  this  is  not 
so,  but  a  slit-like  interval  exists  all  round  between  the  prolapsed  part  and 
the  rectal  mucous  membrane. 

Rectal  Strictures. — The  rectum  is  more  frequently  the  seat  of 
stricture  than  any  other  segment  of  the  intestinal  tract,  excluding 
those  of  a  congenital  nature  which  are  due  to  faulty  development. 
Strictures  of  the  rectum  are  the  result  of  organic  changes  in  its  wall,  and 
are  succeeded  by  chronic  intestinal  obstruction.  Such  strictures  are  struc- 
turally divisible  into  two  varieties,  viz.  ( I )  the  simple  or  cicatricial,  and 
(2)  the  malignant.  The  former  is  also  known  as  fibrous  stricture ;  it  may 
be  brought  about  by  various  pathological  states,  or  may  follow  rectal 
operations  which  entail  considerable  loss  of  substance ;  its  most  common 
cause,  however,  is  syphilis.  Malignant  stricture  originates  as  an  epi- 
theliomatous  growth,  which,  as  in  other  parts  of  the  alimentary  tract — 
oesophagus,  pylorus,  colon — has  a  decided  tendency  to  make  its  way 
around  the  rectum  (annular  stricture).  In  this  region  the  growth  may 
originate  either  in  the  tubular  glands  of  Lieberkuhn  within  the  mucous 
membrane  (malignant  adenoma),  or  in  the  squamous  epithelium  of  the 
anal  canal,  which  has  been  observed  to  extend  up  to  the  level  of  the 
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columns  of  Morgagni  (squamous-celled  epithelioma}.  Following  the 
example  of  cancerous  growths  generally,  those  originating  in  the  rectum, 
in  addition  to  their  progressive  local  extensions,  are  succeeded  by  metas- 
tases  in  distant  structures. 

Local  Extensions. — Epitheliomata  on  the  anterior  rectal  wall  are 
liable  to  infiltrate  the  prostate,  bladder,  and  seminal  vesicles  in  the  male, 
the  vagina  and  uterus  in  the  female.  Fistulous  communications  may 
subsequently  be  established  between  the  rectum  and  the  adjoining  cavities 
(recto-vesical  and  recto-vaginal  fistulae).  In  both  sexes  the  growth,  when 
high  up,  will  sooner  or  later  invade  the  peritoneum,  and  by  extending 
backwards  will  eventually  become  adherent  to  the  sacrum  or  coccyx. 

Metastases. — Not  infrequently  the  epithelioma  makes  its  way  through 
the  wall  of  one  of  the  superior  haemorrhoidal  veins,  from  within  which 
small  particles  in  the  form  of  emboli  are  detached  and  carried  by  the 
portal  vein  to  the  liver,  throughout  which  they  are  disseminated  and 
develop  into  secondary  growths.  From  the  account  given  above  of  the 
rectal  lymphatics,  one  may  expect  to  find  metastases  in  the  ano-rectal 
glands  which  are  situated  behind  the  lower  part  of  the  rectum  or  in  the 
superior  haemorrhoidal  glands  higher  up,  and  sometimes  even  in  the 
lumbar  glands.  The  internal  iliac  glands  may  also  be  infected.  When 
the  growth  originates  in  the  squamous  epithelium  of  the  anus  glandular 
metastases  will  probably  be  found  in  the  inguinal  region. 

The  Operative  Surgery  of  the  Rectum — This  subject  will  be  con- 
sidered to  most  advantage  in  connection  with  the  treatment  of  rectal 
cancer,  seeing  that  this  usually  entails  the  removal  of  limited  or  extensive 
portions  of  the  rectal  wall.  Before  entering,  however,  into  the  various 
operations  in  detail,  it  is  desirable  that  the  reader  should  clearly  under- 
stand how  the  rectum  is  maintained  in  position  and  fixed  within  the 
pelvis.  As  the  various  supporting  structures  have  already  been  reviewed 
with  the  general  anatomy  of  the  rectum,  it  will  suffice  merely  to  enumerate 
them. 

The  Means  of  Fixity  of  the  Rectum. — (i)  The  levatores  ani  muscles,  between  which  the 
rectum  passes  and  with  which  it  is  closely  connected.  (2)  The  pelvic  fascia.  The  portions  of 
this  fascia  connected  with  the  rectum  are  fully  described  above.  (3)  The  superior  haemorrhoidal 
vessels,  and  the  mesentery  of  the  pelvic  colon  within  which  they  are  contained.  (4)  The  middle 
hsemorrhoidal  arteries,  and  the  connective  tissue  by  which  they  are  enveloped — the  lateral 
ligaments  of  the  rectum.  (5)  The  peritoneum  of  the  recto-genital  pouch  (recto-vesical  or  recto- 
•vaginal}.  (6)  The  external  sphincter  muscle. 

In  all  cases  of  rectal  cancer,  the  particular  plan  of  operation  selected  will  depend  upon  the 
site  and  extent  of  the  disease.  In  the  account  which  follows  it  is  taken  for  granted  that  the 
growth  has  not  exceeded  the  limits  of  the  rectal  wall  and  that  no  pathological  adhesions  exist. 

Excision  of  the  Rectum — (Proctectomy). — i.  Modes  of  Approach.— 

With  the  exception  of  those  rare  cases  in  which  the  malignant  growth  is 
confined  within  the  limits  of  the  anal  canal,  it  is  usually  regarded  as 
essential  to  reach  the  diseased  part  by  way  of  the  posterior  pelvic  wall. 
If  it  is  near  the  sphincters  an  incision  extending  from  the  anus  to  the 
coccyx,  through  the  ano-coccygeal  raphe,  may  be  sufficient  (perineal 
excision),  but  if  it  is  higher  up,  viz.,  at  or  above  the  peritoneal  reflexion, 
it  will  be  necessary  to  excise  the  coccyx,  and  perhaps  portion  of  the 
sacrum  also.  By  carrying  out  the  latter  procedure  a  large  breach  is 
made  in  the  posterior  pelvic  wall  and  free  access  is  given  to  the  rectum 
in  its  entire  extent. 
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In  the  perineal  incision  the  following  structures  are  divided:  the  skin 
and  subcutaneous  tissue  between  the  anus  and  the  back  of  the  coccyx, 
the  posterior  fibres  of  the  external  sphincter,  and  the  ano-coccygeal  raph£ 
which  separates  the  levatores  ani.  By  extending  the  incision  through 
the  rectal  portion  of  the  pelvic  fascia  the  rectum  will  be  exposed  within 
the  pelvis  {superior  pelvi-rectal  space),  surrounded  on  each  side  and  behind 
by  loose  fatty  tissue  (fig.  138).  This  wound,  however,  affords  very  little 
room,  and  consequently  it  is  usually  necessary  to  remove  the  coccyx. 
This  entails  the  further  division  of  the  following  structures  on  each  side  : 
some  fibres  of  the  gluteus  maximus  muscle,  portions  of  the  greater  and 
lesser  sacro-sciatic  ligaments,  the  coccygeal  attachments  of  the  levator 
ani  and  coccygeus  muscles,  the  nerves  of  the  sacro-coccygeal  plexus,  and 
the  perineal  branch  of  the  fourth  sacral  nerve.  In  detaching  the  coccyx 
from  the  sacrum  the  anterior  and  posterior  sacro-coccygeal  ligaments  are 
divided,  also  the  lower  extremity  of  the  filum  terminale,  the  terminal 
portions  of  the  sympathetic  nerves,  and  the  middle  sacral  vessels. 

Before  proceeding  to  describe  the  methods  of  resecting  the  sacrum,  it 
is  essential  to  consider  to  what  extent  the  bone  section  may  be  carried 
and  the  risks  which  it  entails. 

The  Sacral  Canal  contains  the  five  sacral  nerves  and  the  coccygeal  nerve  of  each  side, 
together  with  the  filum  terminale.  The  cul-de-sac  formed  by  the  membranes  of  the  spinal  cord 
does  not  descend  usually  beyond  the  middle  of  the  second  sacral  vertebra,  and  consequently  the 
spinal  extension  of  the  subarachnoid  space  will  not  be  opened  by  a  section  traversing  the  bone 
below  this  level.  There  is  also  contained  within  the  sacral  canal  some  soft  fatty  tissue  which  is 
traversed  by  numerous  veins  and  by  some  of  the  branches  of  the  lateral  sacral  arteries.  The 
posterior  divisions  of  the  sacral  nerves  are  small  and  emerge  through  the  posterior  sacral  foramina. 
The  anterior  divisions,  however,  are  much  larger,  but  nevertheless  they  diminish  rapidly  in  size 
from  above  downwards.  The  first  three  of  these,  reinforced  by  the  lumbo-sacral  cord  above  and 
by  a  branch  of  the  fourth  sacral  nerve  below,  enter  into  the  formation  of  the  sacral  plexus.  The 
remaining  portion  of  the  fourth  nerve,  together  with  the  anterior  divisions  of  the  fifth  sacral  and 
the  coccygeal  nerve,  form  the  sacro-coccygeal  plexus. 

It  is  not  necessary  to  enter  into  an  account  of  the  arrangement  and  distribution  of  the 
various  nerves,  both  afferent  and  efferent,  which  are  connected  with  these  plexuses,  except  those 
which  are  directly  concerned  in  sacral  resection.  The  sphincteric  muscles  of  the  rectum  are 
innervated  by  the  third  and  fourth  sacral  nerves.  The  nerve  to  the  levator  ani  is  derived  chiefly 
from  the  third  sacral,  but  it  is  also  reinforced  by  filaments  from  the  second  and  fourth,  and  sinks 
into  the  muscle  on  its  upper  or  pelvic  aspect.  The  external  sphincter  is  supplied  mainly  by  the 
inferior  haemorrhoidal  nerve  which  is  derived  from  the  third  and  fourth  sacral  nerves  through 
the  internal  pudic.  This  muscle  also  receives  an  independent  filament  from  the  fourth  sacral  in 
its  perineal  branch.  These  nerve  relationships  are  shown  in  fig.  140.  The  second,  third, 
and  fourth  sacral  nerves  (pelvic  splanchnics  of  Gaskell)  are  the  principal  sources  also  from 
which  the  visceral  branches  are  derived  which  supply  the  rectum,  bladder,  prostate,  and  urethra 
in  the  male  ;  the  bladder,  uterus,  and  vagina  in  the  female. 

From  this  brief  resume  it  will  be  seen  that  a  sacral  section  which  entails  the  destruction  of 
the  third  and  fourth  sacral  nerves  must  be  attended  by  serious  consequences.  The  rectal 
sphincteric  apparatus  would  be  permanently  paralysed,  as  would  also  that  of  the  bladder,  and 
would  be  followed  by  incontinence  of  urine.  Accordingly  it  may  be  laid  down  as  a  rule  that  the 
level  of  the  sacral  section  should  never  reach  quite  up  to  the  third  sacral  foramina.  Although 
the  fourth  sacral  nerves  are  very  frequently  destroyed,  yet  it  is  undesirable  that  such  should  be 
the  case,  seeing  that  they  contribute  in  part  to  supply  the  sphincters  of  the  anal  canal. 

Access  to  the  rectum  in  the  sacral  region  may  be  obtained  :  (i)  by 
the  removal  of  a  definite  portion  of  the  sacrum  (permanent  or  definitive 
sacral  resection) ;  (2)  by  dividing  portion  of  the  sacrum  and  turning  it 
aside,  replacing  it,  however,  at  the  close  of  the  operation  (temporary  or 
osteoplastic  sacral  resection)  ;  or  (3)  by  a  parasacral  incision. 

Permanent  Sacral  Resection  was  first  devised  and  systematically 
carried  out  by  Kraske  of  Freiburg.  The  line  of  bone  section  which  he 
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adopted  commenced  at  the  left  sacral  border,  midway  between  the  third 
and  fourth  posterior  sacral  foramina,  and  was  directed  inwards  to  the 
middle  line,  and  then  downwards  to  the  lower  extremity  of  the  fifth 
sacral  vertebra,  the  coccyx  having  previously  been  removed.  In  this 
way  a  portion  of  the  left  side  of  the  sacrum  was  resected. 

Bardenheuer,  in  order  to  gain  more  room,  divided  the  sacrum  trans- 
versely below  the  third  sacral  foramina,  a  procedure  which  opens  up  a 
wide  gap  in  the  posterior  pelvic  wall  between  the  two  ischial  spines. 
The  fourth  pair  of  sacral  nerves,  however,  are  destroyed,  and  unless  care 
be  taken  the  third  pair  are  apt  to  be  divided  also,  owing  to  the  way  in 


Lumbo-sacral  Cord.  -- 
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Sphincter  M. 


Internal  Pudic  N.  - 


FlG.  140. — Semidiagrammatic  representation  of  the  sacral  and  coccygeal  nerves  and  of  those 
which  supply  the  anal  sphincters.     (Modified  from  Quenu  and  Hartmann. ) 

which  they  are  applied  to  the  front  aspect  of  the  sacrum  for  some  little 
distance  below  their  respective  foramina.  The  line  of  bone  section  in 
this  operation  may  be  accurately  determined  by  measuring  two  finger- 
breadths  above  the  lower  extremity  of  the  sacrum,  the  coccyx  having 
been  disarticulated. 

Temporary  or  Osteoplastic  Resection  has  been  performed  in 
several  different  ways,  that  advocated  by  Heinecke  probably  being  the 
best.  The  sacrum  is  divided  transversely  below  the  fourth  sacral 
foramina,  and  another  section  is  made  from  the  centre  of  this  to  the  tip 
of  the  coccyx.  The  resulting  osteo-ligamentous  flaps  are  fully  retracted 
and  the  pelvic  aperture  made  as  wide  as  possible.  When  the  resection 
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of  the  rectum  has  been  completed,  the  flaps  are  restored  to  their  normal 
position.  The  advantages  claimed  for  this  method  are,  that  there  is  but 
slight  mutilation  of  the  pelvic  structures,  and  that  as  the  posterior  attach- 
ments of  the  levatores  ani  and  coccygei  muscles  are  preserved,  there  is 
no  loss  of  support  to  the  pelvic  viscera,  and  no  nerves  of  importance 
are  divided.  In  spite  of  these  advantages  this  method  of  gaining  access 
to  the  rectum  is  not  held  much  in  favour  at  the  present  day. 

Parasacral  Incision. — Without  removing  part  of  the  sacrum  some 
operators  have  succeeded  in  getting  sufficiently  free  access  to  the  field  of 
operation  by  means  of  a  parasacral  incision ;  the  coccyx,  however,  is 
usually  removed. 

2.  Removal  of  the  Disease. — Having  considered  the  various  modes 
of  approach  to  the  rectum  from  behind,  the  second  stage  of  the  operation 
remains  to  be  considered,  viz.,  the  excision  of  the  diseased  part.  Should 
the  cancerous  growth  be  situated  close  to  the  anus  it  may  possibly  be 
excised  through  the  dilated  orifice,  care  being  taken  to  preserve  the 
external  sphincter;  this,  however,  is  not  always  possible.  When  the 
cancer  is  situated  in  the  ampulla  or  suprasphincteric  segment  of  the 
rectum,  it  is  important  to  determine  if  it  is  quite  free  of  the  sphincters,  or 
if  it  extends  within  their  territory  (ano-rectal  cancer}.  In  both  cases  the 
perineal  method  of  approach  is  adopted,  combined  perhaps  with  excision 
of  the  coccyx. 

Ano-rectal  Cancer  is  removed  in  the  following  manner.  The 
rectum,  already  exposed  from  behind,  is  separated  on  each  side  from  its 
lax  surroundings,  by  the  aid  of  the  index  finger,  down  to  the  level  at 
which  it  is  connected  with  the  levatores  ani.  As  the  inner  margins  of 
these  muscles  are  intimately  connected  with  the  diseased  area,  their 
partial  removal  will  almost  certainly  be  required,  including  at  the  same 
time  the  external  sphincter.  By  means  of  strong  cutting  scissors,  one 
blade  of  which  is  introduced  into  the  wound  between  the  levator  ani  and 
the  rectum,  while  the  other  blade  rests  upon  the  skin  as  near  as  is  safe  to 
the  anal  orifice,  the  intervening  bridge  of  tissue  is  divided.  A  similar 
section  is  made  on  the  opposite  side  and  carried  round  the  entire  anal 
margin,  separating  the  anal  canal  from  the  surrounding  parts.  It  now 
remains  to  continue  the  separation  of  the  rectum  in  front.  In  the  male 
this  entails  an  incision  through  the  posterior  part  of  the  perineal  or  recto- 
urethral  triangle,  above  which  the  connections  of  the  wall  of  the  bowel 
with  the  recto-vesical  fascia  are  comparatively  loose  and  the  process  of 
separation  consequently  much  easier.  In  the  female  the  rectum  is 
separated  in  front  from  the  perineal  body  and  from  the  posterior  vaginal 
wall,  with  the  latter  of  which  its  connection  is  fairly  lax.  At  a  point 
varying  usually  from  two  to  three  inches  from  the  anus  the  peritoneum 
of  the  recto-vaginal  or  recto-vesical  pouch  will  be  encountered,  and  may 
require  to  be  divided.  As  it  is  necessary  to  draw  down  the  healthy  part 
of  the  rectum  above  the  diseased  area,  the  dissection  must  be  continued 
somewhat  further.  At  the  sides,  the  lateral  ligaments  of  the  rectum, 
formed  by  the  middle  haemorrhoidal  arteries  and  their  investing  tissue, 
must  be  ligatured  and  divided.  The  division  of  the  rectal  pelvic  fascia 
behind  must  be  free,  otherwise  it  will  offer  very  great  resistance  to  the 
drawing  down  of  the  gut.  The  retrorectal  fatty  tissue  is  divided 
cautiously  so  as  not  to  wound  the  larger  branches  of  the  superior 
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haemorrhoidal  artery.  In  the  removal  of  the  cancerous  segment,  however, 
several  of  these  are  of  necessity  divided.  The  rectum  is  finally  sutured 
to  the  peri-anal  integument,  and  at  the  same  time  the  cut  edges  of 
the  levatores  ani  are  brought  into  close  contact  with  and  sutured  to 
its  sides,  the  object  being  to  secure  a  certain  amount  of  sphincteric 
control. 

Suprasphincteric  Cancer  is  situated  entirely  above  the  anal  canal, 
and  accordingly  the  operation  just  described  must  be  modified  so  as  to 
preserve  the  sphincters  intact.  The  rectum  having  been  exposed  as 
before,  and  isolated  from  its  surroundings,  a  transverse  incision  is  made, 
cutting  it  completely  across  on  the  distal  aspect  of  the  growth,  but  above 
the  rectal  attachments  of  the  levatores  ani.  The  further  dissection  and 
removal  of  the  diseased  part  is  proceeded  with  as  just  described,  after 
which  the  upper  or  proximal  end  of  the  divided  rectum  is  brought  down 
and  sutured  to  the  mucous  membrane  of  the  anal  canal.  Should  the 
parts  unite  satisfactorily,  there  is  every  reason  to  expect  that  there  will 
subsequently  be  good  sphincteric  control. 

In  contrast  with  the  steps  of  the  operation  just  described,  some 
operators  prefer  to  isolate  the  rectum  above  the  diseased  part  first,  and 
having  divided  it,  to  proceed  with  its  separation  from  above  downwards. 

If  the  cancer  be  situated  high  up  within  the  rectum,  the  sacral  method 
of  approach  greatly  facilitates  its  removal.  In  setting  the  rectum  free  in 
order  that  the  healthy  part  above  the  growth  may  descend  freely,  the 
principal  risk  lies  in  the  too  free  division  of  the  retrorectal  tissue  in 
which  the  superior  haemorrhoidal  vessels  run,  and  upon  which  the 
nutrition  of  the  rectum  mainly  depends. 

Circular  suturing  of  the  divided  ends  of  the  rectum,  except  quite 
low  down  at  the  anal  canal,  is  not  by  any  means  a  successful  procedure, 
as  the  union  is  extremely  liable  to  fail,  either  in  part  or  throughout, 
and  to  be  attended  with  disastrous  consequences.  Therefore  if  it  should 
be  impossible  to  bring  down  the  proximal  end  of  the  divided  rectum  to 
the  level  of  the  anus,  it  is  better  to  fix  it  to  the  skin  in  the  sacral  region, 
forming  an  artificial  anus.  Of  course  in  such  a  case  there  is  no  possi- 
bility of  sphincteric  control,  although  certain  ingenious  devices  have 
been  recommended  with  the  idea  of  securing  it  in  a  modified  form. 

Perineo-abdominal  Excision  is  applicable  to  cases  in  which  the  cancer 
is  situated  at  the  upper  extremity  of  the  rectum,  and  extends  perhaps 
into  the  pelvic  colon.  The  pelvis  is  raised  in  the  Trendelenburg  position 
and  the  abdomen  is  opened  by  a  vertical  incision  through  the  lower 
part  of  the  left  rectus  muscle  or  by  one  situated  above  and  parallel  to 
Poupart's  ligament  (see  Abdominal  Incisions,  p.  392).  The  loop  formed 
by  the  pelvic  colon  is  drawn  out  and  divided  near  its  centre.  The 
lower  or  descending  limb  of  the  pelvic  mesocolon  is  now  ligatured  and 
divided  in  sections,  as  close  as  possible  to  its  posterior  or  parietal  attach- 
ment, down  to  its  termination  at  the  third  sacral  vertebra,  the  superior 
haemorrhoidal  vessels  being  at  the  same  time  secured.  The  peritoneum 
which  covers  the  commencement  of  the  rectum  in  front  and  laterally  is 
next  divided,  and  the  bowel  separated  from  its  connections  with  the 
finger  as  far  as  possible  in  a  downward  direction.  The  middle  haemor- 
rhoidal vessels  on  each  side  will  probably  at  this  stage  require  to  be 
ligatured  and  divided.  The  lower  part  of  the  rectum  is  now  reached  by 
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a  perineal  incision,  combined  if  need  be  with  resection  of  the  coccyx, 
and  when  it  has  been  completely  separated — the  sphincters  meanwhile 


Hind  Gut. 


I 
Cord.   „ 


Allantois.  - 
Genital  Tubercle. 
Cloacal  Membrane. 

Caudal  Extremity.  — 


Wolffian  Duct. 
Cloaca. 

Spinal  Cord. 


Post-anal  Gut.  '' 


Bladder, 


Genital  Tubercle.. 
Proctodaeum.. 

Rectum.  -" 


in 

Allantois. 


.Wolffian  Duct. 


Kidney  and  Ureter. 


*"••  Septum. 


Bladder. 


Va.s  Deferens. 


—  Ureter. 


Seminal  Vesicle. 
Rectum. 


Genital  Tubercle.  *-* 
Urethra.  / 


Anal  Canal.  / 


FIG.  141. — The  development  of  the  rectum  and  anal  canal. 

being  preserved — it  is  removed,  together  with   the   lower   limb  of  the 
pelvic  colon. 
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The  final  steps  of  the  operation  will  depend  upon  the  length  and 
mobility  of  the  part  which  remains  of  the  pelvic  colon  and  its  mesentery. 
The  latter  is  sometimes  abnormally  long,  and  in  such  cases  it  might  be 
possible  to  draw  down  the  divided  colon  and  fix  it  by  sutures  to  the 
mucous  lining  of  the  anal  canal.  If  this  cannot  be  done  safely  an 
artificial  anus  must  be  established  either  in  the  sacral  region  or  at  the 
site  of  the  abdominal  incision,  as  is  done  in  the  operation  of  inguinal 
colostomy. 

Developmental  Defects  of  the  Rectum  and  Anus — Congenital 
defects  of  the  rectum  and  anus  are  exceedingly  rare.  In  order  to 
understand  the  different  forms  which  they  assume,  it  will  be  necessary 
to  refer  briefly  to  the  normal  mode  of  development  of  this  part  of  the 
alimentary  tract. 

The  Rectum  is  developed  from  the  terminal  or  caudal  extremity  of  the  hindgut. 
Its  first  appearance  may  be  noted  at  a  very  early  period  of  intrauterine  life,  coincident  with  the 
formation  of  the  caudal  fold.  As  the  result  of  this  bend  a  cul-de-sac  is  formed,  which  for  a  brief 
period  has  a  direct  communication  with  the  neural  canal,  the  intervening  passage  being  called 
the  neurenteric  canal.  Two  offshoots  proceed  from  this  cul-de-sac  ;  one  extends  backwards 
towards  the  caudal  eminence  and  is  known  as  \he  post-anal  gut ;  it  too  has  a  transitory  existence, 
as  its  epithelial  lining  soon  disappears,  and  it  becomes  reduced  to  a  cord-like  structure,  no  sign  of 
it  eventually  remaining.  Should  the  obliterative  process  advance  to  the  hindgut  itself,  it  may 
account  for  certain  congenital  defects  to  be  noted  presently.  The  second  offshoot,  which  leaves 
the  cul-de-sac  on  its  ventral  aspect,  is  the  allantois.  This  subsequently  becomes  applied  against 
the  posterior  aspect  of  the  anterior  abdominal  wall  of  the  embryo  and  emerges  through  the 
umbilicus ;  further  information  regarding  it  is  given  with  the  development  of  the  umbilical 
region  (p.  396). 

The  terminal  portion  of  the  intestine  therefore  and  the  allantois  form  at  first  a  common 
cavity,  the  cloaca,  which  is  separated  by  a  bridge  of  embryonic  tissue  {the  cloacal  membrane) 
from  the  surface  of  the  caudal  eminence  (fig.  141,  I.).  At  a  later  period  the  posterior  or  rectal 
is  separated  from  the  anterior  or  allantoic  subdivision  of  the  cloaca  by  means  of  two  ingrowing 
folds  which  meet  and  coalesce  from  before  backwards  until  they  fuse  with  the  cloacal  membrane. 
The  allantoic  subdivision  receives  the  terminations  of  the  genito-urinary  ducts,  and  from  it  are 
developed  the  urinary  bladder  and  the  deep  portion  of  the  urethra  (prostatic  and  membranous 
stages). 

Formation  of  the  Anus. — On  the  posterior  part  of  the  ventral  aspect  of  the  embryo 
opposite  the  cloaca,  a  depression  is  to  be  noted.  It  is  known  as  the  cloacal  fossa,  and  its  floor  is 
formed  by  the  cloacal  membrane.  Subsequently  the  fossa  is  separated  into  an  anterior  and 
posterior  part  by  the  development  of  a  transverse  septum  (the  perineal fold),  the  position  of  which 
with  regard  to  the  cloacal  membrane  corresponds  to  the  lower  or  posterior  extremity  of  the 
septum  which  subdivides  the  cloaca  into  its  two  parts.  The  depression  which  now  indicates  the 
posterior  part  of  the  cloacal  fossa  is  known  as  the  proctodamm  ;  it  gradually  assumes  a  circular 
form  and  appears  to  be  transformed  into  the  anal  canal.  The  thin  cloacal  membrane  which 
separates  it  from  the  rectum  eventually  disappears  and  the  posterior  extremity  of  the  alimentary 
canal  is  brought  into  open  commuuication  with  the  exterior.  The  anal  orifice  gradually  becomes 
more  and  more  accentuated  by  the  development  of  the  integumentary  folds  which  project  around 
its  margin,  and  within  which  is  formed  the  external  sphincter  muscle.  In  the  male  the  anterior 
part  of  the  cloacal  fossa  is  gradually  closed,  but  in  the  female  it  remains  patent  and  corresponds 
to  the  vulvar  cleft  into  which  the  Miillerian  ducts  open. 

From  the  brief  account  just  given  it  will  be  seen  that  the  development  of  the  rectum  and  anal 
canal  are  independent  of  each  other ;  for  whereas  the  rectum  proper,  or  at  least  its  mucous 
lining,  is  of  hypoblastic  origin,  its  anal  segment  is  derived  from  the  epiblast. 

Developmental  Defects  of  the  Rectum  and  Anus  are  met  with  in 
different  forms,  and  present  very  wide  differences  in  character.  The 
following  classification  of  these  defects  by  Trelat  has  the  merit  of  being 
concise,  and  a  useful  one  from  the  practical  standpoint,  (i)  strictures; 
(2)  imperforate  conditions  ;  (3)  absence  of  the  rectum  or  anus,  or  of  both  ; 
(4)  opening  of  the  rectum  in  abnormal  situations. 

Congenital  Strictures  have  been  met  with  in  two  forms:  (i)  the 
membranous  and  (2)  the  cylindrical.  The  former  of  these  is  the 
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commoner,  and  is  usually  situated  at  the  ano-rectal  junction.  It  may 
assume  the  form  of  a  valvular  fold  attached  to  one  side  of  the  bowel  wall, 
or  of  a  thin  diaphragm  perforated  at  its  centre.  These  strictures  are 
possibly  due  to  imperfect  obliteration  of  the  cloacal  membrane. 

Congenital  strictures  of  the  cylindrical  type  are  probably  to  be 
explained  by  an  excess  of  the  developmental  changes  which  lead  to 
the  separation  of  the  rectum  from  the  allantois.  They  may  also  be 
accounted  for  by  an  extension  to  the  rectum  of  the  atrophic  changes 
which  take  place  normally  in  the  post-anal  gut. 

Imperforate  Anus,  or  Atresia  Ani,  is  undoubtedly  the  most  common 
congenital  defect  of  the  rectum  and  is  observed  most  frequently  at  the 
ano-rectal  junction.  The  occluding  partition  is  usually  thin  and  mem- 
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FlG.  142.  —Mesial  sagittal  section  through  a  full  term  foetus  in  which  death  resulted  from  an 
imperforate  anus.  The  specimen  from  which  this  drawing  was  made  is  mounted  in  the 
Anatomical  Department  of  Trinity  College. 

branous,  but  it  may  attain  a  considerable  depth  ;  a  good  example  is 
represented  in  fig.  142.  When  the  defect  is  situated  at  the  ano-rectal 
junction  its  presence  is  to  be  explained  most  probably  by  the  per- 
sistence of  the  cloacal  membrane. 

Complete  absence  of  the  Anus  is  sometimes  noted.  In  such  cases 
the  rectum  may  end  blindly  in  the  vicinity  of  the  anus,  or  may  open 
elsewhere.  This  defect  also  is  to  be  accounted  for  probably  by  fusion 
of  the  integumentary  folds  which  form  the  lateral  boundaries  of  the 
cloacal  fossa  posteriorly. 

The  Rectum  may  be  in  part  or  completely  absent.  In  this  form  of 
defect  it  seems  not  unlikely  that  the  retrograde  changes  taking  place  in 
the  post-anal  gut  are  continued  for  a  varying  extent  into  the  rectum.  A 
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fibrous  cord  can  usually  be  made  out,  leading  from  the  blind  extremity 
of  the  rectum  down  to  the  anus,  and  is  supposed  to  represent  the 
shrivelled  portion  of  the  primitive  rectum. 

In  those  cases  in  which  the  rectum  opens  into  the  bladder  or  into  the 
deep  urethra  the  defect  would  appear  due  to  the  imperfect  shutting  off 
of  the  posterior  or  rectal  from  the  anterior  or  allantoic  part  of  the  cloaca. 

When  the  abnormal  openings  are  situated  in  the  region  of  the  penis 
or  scrotum  in  the  male,  or  in  the  region  of  the  vulva  in  the  female,  it 
seems  not  improbable  that  the  absence  of  the  normal  anus  is  due  to  the 
fusion  of  the  margins  of  the  cloacal  fossa  at  the  anal  site  while  it  re- 
mains patent  further  forwards.  These  cases  therefore  are  to  be  regarded 
not  as  examples  of  ectopia  of  the  anus  but  rather  of  the  rectum. 


THE  BLADDER. 

In  the  adult,  the  urinary  bladder,  when  empty  or  only  moderately 
distended,  lies  entirely  within  the  cavity  of  the  pelvis,  in  front  of  the 
rectum  in  the  male,  of  the  uterus,  vagina,  and  broad  ligaments  in  the 
female.  Only  when  greatly  distended  does  it  ascend  out  of  the  pelvis 
and  come  to  rest  directly  against  the  anterior  abdominal  wall. 

In  the  foetus  at  birth  and  for  some  time  afterwards  the  bladder  is  situated  within  the 
abdominal  cavity  ;  it  is  spindle-shaped  or  cylindrical  in  outline,  the  urachus  proceeds  upwards 
from  its  tapering  summit  to  the  umbilicus,  and  its  lumen  narrows  gradually  below  into  that  of 
the  urethra  (fig.  142).  Its  altered  position  in  the  adult  is  due  to  the  great  increase  in  the  vertical 
depth  of  the  pelvis  and  the  general  expansion  of  its  cavity  which  takes' place  up  to  the  time  of 
puberty,  and  to  some  extent  it  is  explained  also  by  the  intimate  connection  which  exists  between 
the  bladder  and  the  pelvic  floor.  The  bladder  of  a  young  subject  in  which  the  viscera  had  been 
hardened  by  means  of  formalin  injection  is  represented  in  fig.  115.  Its  summit  tapers  gradually 
into  the  urachus,  on  each  side  it  is  flanked  by  the  obliterated  hypogastric  artery,  and  along  this  line 
the  peritoneum  is  reflected  from  it  to  the  lateral  pelvic  wall.  The  shallow  depression  between  the 
two,  viz.,  the  paravesical  fossa,  is  subdivided  on  each  side  by  a  transversely  directed  fold  of  peri- 
toneum, the  plica  transversa  vesicce,  which  crosses  the  bladder  and  may  be  traced  to  the  level  of 
the  external  inguinal  pouch  which  overlies  the  internal  abdominal  ring  (see  Pelvic  Peritoneum, 
p.  5*4)'  In  this  figure  also  the  vas  deferens  is  observed  passing  backwards  and  inwards  to  reach 
the  base  of  the  bladder,  and  crossing  to  the  inner  side  of  the  obliterated  hypogastric  artery  and 
the  ureter.  As  it  approaches  the  bladder  it  is  contained  within  the  rectogenital  or  rectovesical 
fold  of  peritoneum  ;  both  this  fold  and  the  plica  transversa  vesicse  are  reserve  folds,  and  disappear 
when  the  bladder  is  distended.  The  rectum  lying  posteriorly  is  separated  from  the  bladder  by 
the  recto-vesical  or  recto-genital  pouch. 

In  the  adult  both  the  obliterated  hypogastric  artery  and  the  vas  deferens  are  situated  some 
distance  above  the  reflexion  of  the  peritoneum  from  the  lateral  pelvic  wall  to  the  bladder  (fig.  135) ; 
they  may,  however,  come  into  relationship  with  the  latter  if  its  cavity  be  fully  distended. 

The  empty  Bladder. — When  the  bladder  is  examined  in  its  empty  and  contracted  condition 
it  is  found  wedged  in  at  the  anterior  part  of  the  pelvic  cavity,  between  the  symphysis  pubis 
in  front,  the  rectum  behind — the  uterus  and  vagina  in  the  female — and  the  pelvic  floor  below. 
Its  cavity  is  reduced  to  a  mere  slit,  as  its  walls,  in  the  contracted  state,  lie  in  contact.  Its  upper 
or  postero-superior  surface  which  looks  towards  the  pelvic  cavity  is  slightly  rounded  and  convex 
and  is  covered  by  the  peritoneum  of  the  anterior  pelvic  fossa.  This  surface  is  triangular  in 
outline  ;  its  apex,  which  is  directed  forwards,  lies  behind  the  symphysis  pubis  and  is  connected 
with  the  urachus  ;  its  lateral  or  basal  angles  correspond  to  the  points  at  which  the  ureters  reach 
the  bladder  (fig.  135).  The  interval  between  these  lateral  angles  is  indicated  by  a  faint  ridge 
known  as  the  posterior  or  basal  margin  of  the  bladder. 

When  the  contracted  bladder,  previously  hardened  in  situ,  is  separated  carefully  from  its 
surroundings  and  lifted  out  of  its  bed,  it  is  found  to  occupy  a  cavity  bounded  by  three  distinct 
walls  which  slope  gradually  towards  each  other  below.  These  walls  are  formed  on  each  side  by 
the  levator  ani  and  obturator  internus  muscles  covered  by  the  pelvic  fascia.  In  front,  where  the 
lateral  walls  meet,  the  space  is  bounded  by  the  pubic  bones,  the  symphysis,  and  the  retropubic 
pad  of  fat.  The  posterior  wall  is  constituted  by  the  seminal  vesicles,  the  vasa  deferentia,  and  the 
recto-vesical  layer  of  the  pelvic  fascia,  which  separates  both  these  and  the  bladder  in  front  from 
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the  rectum  behind.  In  the  female  this  boundary  is  formed  by  the  anterior  vaginal  wall  and  the 
cervix  uteri  with  the  adjoining  portions  of  the  broad  ligaments.  The  areas  on  the  under  aspect 
of  the  bladder  which  rest  against  these  parts  are  convex  and  triangular  in  outline  ;  they  slope 
downwards  and  inwards  from  the  lateral  and  basal  margins  of  the  viscus,  which  limit  its  peritoneal 
surface  above,  to  the  commencement  of  the  urethra  below,  which  is  situated  at  the  most 
dependent  part  of  the  bladder  floor,  and  in  the  male  is  surrounded  by  the  basal  portion  of  the 
prostate.  These  three  areas  are  known  as  the  infero-lateral  and  posterior  surfaces  of  the 
bladder ;  they  are  separated  by  three  rounded  borders  which  diverge  from  the  urethral  orifice, 
and  are  directed  to  the  apex  and  the  basal  angles  of  the  bladder  (Dixon). 

The  distended  Bladder. — When  the  bladder  passes  from  the  empty  to  the  distended 
condition  its  shape  and  relationships  undergo  very  marked  alterations.  Its  posterior  and  lateral 
borders  become  rounded,  and  the  entire  viscus  assumes  an  approximately  oval  outline.  The 
plica  transversa  and  the  recto-vesical  or  recto-genital  fold  fill  out  and  disappear.  The  superior 
or  postero-superior  wall  of  the  bladder  gradually  rises  and  encroaches  upon  the  pelvic  cavity. 
The  lateral  surfaces  are  greatly  increased  in  extent,  and  much  more  of  the  bladder  consequently 
comes  into  relation  with  the  pelvic  parietes.  The  line  of  peritoneal  reflexion  on  each  side  also 
rises  to  a  much  higher  level,  reaching  up  to  the  horizontal  part  of  the  vas  deferens  and  the 
obliterated  hypogastric  artery  (fig.  135).  The  bladder  floor  bulges  more  prominently  downwards, 
and  the  urethral  orifice  sinks  to  a  somewhat  lower  level ;  this  latter  is  situated  normally 
behind  and  slightly  below  the  upper  margin  of  the  symphysis  pubis.  As  the  bladder  expands 
it  tends  to  mount  up  gradually  over  the  symphysis,  the  vesico-pubic  reflexion  of  the  peritoneum 
rising  at  the  same  time  to  a  variable  extent,  so  that  the  bladder  wall  comes  to  lie  directly  against 
the  abdominal  parietes,  some  fatty  tissue  intervening.  Even  when  the  bladder  is  greatly 
distended,  the  peritoneal  reflexion  in  front  may  rise  only  very  slightly.  This  is  explained  by 
the  fact  that  the  bladder  enlarges  mainly  backwards  and  upwards,  and  in  such  a  way  that  its  long 
axis,  instead  of  being  directed  more  or  less  vertically,  lies  rather  antero-posteriorly,  and  cor- 
responds not  infrequently  to  the  plane  of  the  pelvic  inlet  (fig.  132).  It  is  to  be  noted  too  that  the 
peritoneum  is  not  reflected  from  the  apex  of  the  bladder  to  the  abdominal  wall,  but  at  some  little 
distance  beneath  this,  so  that  a  shallow  pouch  intervenes  between  the  apex  and  the  parietes. 
Occasionally  the  peritoneum  is  more  than  usually  adherent  behind  the  symphysis,  and  prevents 
the  vesico-pubic  reflexion  rising  as  the  bladder  enlarges.  Under  normal  conditions  it  is  not  usual 
for  the  reflexion  to  rise  more  than  from  one  and  a  half  to  two  inches  above  the  symphysis. 

The  part  of  the  bladder,  which  alters  least  is  that  which  is  situated  in  the  vicinity  of  the 
urethral  orifice,  i.e.  the  basal  region.  This  is  the  most  fixed  part  of  the  viscus  ;  it  is  structurally 
continuous  with  the  prostate  in  the  male,  and  in  both  sexes  is  firmly  connected  with  the  pelvic 
floor  through  the  medium  of  the  pelvic  fascia.  The  level  of  the  peritoneal  reflexion  from  the 
bladder  to  the  rectum  is  found  to  alter  somewhat  according  as  the  former  is  empty  and  contracted 
or  in  the  distended  state.  When  the  bladder  is  empty,  the  membrane  dips  down  deeply  in  the 
middle  line  so  as  to  cover  the  basal  aspect  of  the  bladder  to  within  one  inch  or  even  less  of  the 
base  of  the  prostate.  As  the  bladder  distends,  and  more  especially  if  the  rectum  is  simultaneously 
distended,  the  reflexion  is  found  to  have  risen  as  a  rule  to  a  somewhat  higher  level,  so  that  a 
more  extensive  area  of  the  bladder  is  denuded  of  peritoneum  posteriorly  ;  this  was  the  case  in  the 
specimen  represented  in  fig.  143,  a  front  view  of  the  same  bladder  being  seen  in  fig.  132.  It 
would  appear,  however,  that  this  recto-vesical  reflexion  does  not  invariably  rise  to  an  appreciable 
extent  with  the  varying  attitudes  of  the  rectum  and  bladder  as  regards  distension.  As  the 
bladder  expands  it  occupies  more  and  more  of  the  pelvic  cavity.  In  the  male  the  rectum  is 
pushed  back  against  the  concavity  of  the  sacrum  and  the  intestinal  coils  which  are  forced  up 
out  of  the  pelvis  rest  upon  the  distended  bladder  as  upon  a  water-cushion.  In  the  female  the 
uterus  and  broad  ligaments  undergo  a  varying  degree  of  backward  displacement. 

The  Relations  of  the  Bladder. — In  the  male  the  upper  aspect  of  the  bladder  is  related  to 
the  pelvic  colon  and  to  the  coils  of  the  small  intestine  ;  in  the  female  it  is  normally  overlaid  by 
the  fundus  and  body  of  the  uterus.  By  its  lateral  aspect  the  bladder  is  related  to  the  levator  ani 
and  obturator  internus  muscles,  the  parietal  pelvic  fascia,  and  the  vesico-prostatic  plexus  of  veins 
(fig.  145).  The  obturator  vessels  and  nerve,  the  obliterated  hypogastric  artery  and  the  vas 
deferens  form  lateral  relationships  only  when  the  viscus  is  fully  distended.  Below  and  in  front, 
the  bladder  is  related  to  the  pubic  bones,  the  symphysis  pubis,  the  retropubic  pad  of  fat,  the 
anterior  vesical  veins,  and  the  vesical  layer  of  the  pelvic  fascia.  When  the  viscus  is  distended  its 
anterior  surface  usually  mounts  up  over  the  symphysis  and  comes  into  relationship  with  the  abdom- 
inal wall.  In  the  male  the  posterior  or  basal  aspect  of  the  bladder  is  related  to  the  rectum,  but 
is  separated  from  immediate  contact  with  it  by  the  ampullae  of  the  vasa  deferentia,  the  seminal 
vesicles,  and  the  recto-vesical  fascia.  The  terminal  portions  of  the  ureters  lie  between  the  upper 
rounded  extremities  of  the  seminal  vesicles  and  the  bladder  wall.  In  the  female  the  bladder  is 
related  behind  to  the  rather  shallow  utero-vesical  pouch  which  separates  it  from  the  body  of  the 
uterus.  Below  this  it  has  a  direct  relationship  with  the  cervix  uteri  and  the  anterior  vaginal 
wall,  some  loose  tissue  intervening.  On  each  side  of  the  uterus  the  bladder  is  related  posteriorly 
to  the  front  aspect  of  the  broad  ligaments — for  these  relationships  consult  figs.  150  and  151. 

The  Interior  of  the  Bladder  is  lined  throughout  by  mucous  membrane,  which  varies  in 
appearance  according  as  the  viscus  is  in  an  empty  or  distended  condition.  When  the  bladder  is 
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FIG.   143. — Dissection  of  the  bladder,   seminal  vesicles,  and  prostate  from  behind — formalin 
preparation.     The  bladder  was  greatly  distended  in  the  subject  from  which  this  illustration 
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empty  the  membrane  is  thrown  into  folds  and  presents  a  wrinkled  appearance.  When  the 
bladder  cavity  enlarges  these  folds  disappear  to  a  large  extent,  but  even  with  the  fullest  disten- 
sion the  mucous  surface  retains  a  corrugated  appearance  owing  to  the  subjacent  muscular  columns 
which  interlace  in  different  directions  (fig.  144).  In  the  region  of  the  urethral  orifice,  however, 
these  appearances  undergo  a  striking  modification.  The  mucous  membrane  here  is  comparatively 
smooth  over  an  area  triangular  in  outline,  known  as  the  trigone,  the  apex  of  which  lies  at 
the  urethral  orifice,  and  the  base  of  which  corresponds  to  an  imaginary  line — occasionally  it  is 
indicated  by  a  well  defined  fold,  t\\e  plica  intertireterica — connecting  the  orifices  of  the  ureters. 
The  trigone  is  sometimes  quite  smooth,  but  not  uncommonly  it  presents  a  number  of  fine  linear 
folds,  which  radiate  backwards  from  the  urethral  orifice.  One  of  these,  called  the  uvula  vesicce, 
occupies  the  middle  line,  and  is  continued  through  the  urethral  orifice  to  the  floor  of  the  prostatic 
urethra.  The  urethral  orifice  itself  is  surrounded  by  a  slightly  raised  ring  of  mucous  membrane 
— annulus  urethralis.  On  each  side  of  the  trigone  the  mucous  membrane  remains  fairly  smooth 
and  the  bladder  floor  is  slightly  depressed,  forming  the  paratrigonal  recesses  (Waldeyer).  The 
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FIG.  144. — View  of  the  interior  of  the  bladder.     The  specimen  was  taken  from  an  adult  male 
subject — formalin  preparation. 

orifices  of  the  ureters,  obliquely  set,  open  each  upon  the  inner  extremity  of  a  well  defined  ridge 
(plica  ureterica),  and  between  the  two  orifices  it  is  not  unusual  to  find  another  distinct  ridge,  the 
plica  interureterica.  Sometimes  the  intervening  space  is  quite  smooth. 

The  term  '  neck  of  the  bladder '  has  been  variously  applied  ;  a  neck,  however,  in  the 
ordinary  acceptation  of  the  term  does  not  exist.  It  is  usually  meant  to  include  that  portion  of 
the  bladder  floor  which  intervenes  between  the  urethral  orifice  and  the  openings  of  the  ureters. 
Behind  the  interureteric  fold  the  rugose  appearance  of  the  bladder  is  well  marked,  and  the 

was  taken — a  front  view  of  the  same  specimen  is  represented  in  fig.  132.  A  considerable 
portion  of  the  rectum  has  been  removed.  Observe  the  relations  of  its  lower  segment,  viz. , 
the  levatores  ani  muscles  behind  and  the  prostate  in  front,  and  compare  this  view  with  that 
represented  in  fig.  146.  The  apical  extremities  of  the  two  seminal  vesicles  and  the  vasa 
deferentia  are  observed  passing  together  deeply  into  the  prostatic  fissure.  On  the  left  side 
the  ureter  is  observed  passing  beneath  the  upper  blunt  extremity  of  the  seminal  vesicle.  Note 
particularly  the  close  proximity  of  the  ureter  to  the  ischial  spine  which  is  partially  concealed 
from  view  by  the  internal  pudic  artery  and  nerve.  The  recto-vesical  reflexion  of  the  peri- 
toneum was  raised  to  a  slight  extent  in  the  course  of  the  dissection,  the  result  being  that 
an  unusually  large  area  of  the  bladder  wall  is  uncovered  by  the  membrane.  Note  also 
in  this  figure  how  the  pelvic  diaphragm  separates  the  ischio-rectal  fossa  on  each  side 
(inferior  pelvi-rectal  space)  from  the  cavity  of  the  true  pelvis  (superior  pelvi-rectal  space). 
Compare  this  figure  with  No.  138,  p.  522,  as  the  drawings  in  both  cases  have  been  made 
from  the  same  subject. 
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bladder  floor  is  sometimes  depressed  for  a  varying  extent  below  that  of  the  trigone  in  front. 
This  is  the  part  of  the  bladder  interior  which  corresponds  to  the  has  fond  of  the  French  authors. 
Throughout  the  bladder  the  mucous  membrane  is  loosely  connected  with  the  subjacent  muscular 
tissue,  except  in  the  region  of  the  trigone.  Its  connection  with  the  muscular  stratum  is  very 
intimate  at  this  level,  and  there  is  but  little  intervening  submucous  tissue. 

The  Arteries  which  supply  the  bladder  are  the  superior  and  inferior  vesical.  The  former 
springs  from  the  pervious  portion  of  the  hypogastric  artery  (int.  iliac)  and  is  distributed  mainly 
to  the  upper  district  of  the  bladder.  The  latter  vessel  is  the  larger  ;  it  arises  directly  from  the 
internal  iliac  artery  as  a  rule,  and  is  distributed  mainly  to  the  bladder  floor,  which  is  the  most 
vascular  part  of  the  viscus.  A  few  small  arterial  branches  reach  the  bladder  from  the  middle 
haemorrhoidal,  and  from  the  uterine  artery  in  the  female. 

The  Veins  of  the  Bladder  are  arranged  in  a  plexiform  manner  in  the  mucous  membrane, 
in  the  muscular  coat,  and  beneath  the  peritoneum.  The  larger  stems  are  directed  to  the  basal 
region,  and  in  the  male  are  found  in  the  groove  between  the  bladder  and  prostate  (vesico-prostatic 
plexus),  and  around  the  terminal  portion  of  the  ureter  (fig.  145).  They  ultimately  reach  the 
internal  iliac  veins. 

The  Lymphatic  Vessels  which  issue  from  the  bladder  are  connected  with  the  glands  which 
are  arranged  along  the  internal  and  external  iliac  vessels. 

The  Nerves  of  the  Bladder  proceed  from  the  vesical  plexuses  which  are  situated  one  on 
each  side  of  its  lower  lateral  aspect.  These  plexuses  are  offshoots  from  the  pelvic  plexuses, 
which  in  turn  originate  in  the  hypogastric  plexus.  The  fibres  which  reach  the  bladder  from  the 
hypogastric  plexus  are  derived  from  the  upper  lumbar  nerves.  Branches  also  of  the  third  and 
fourth  sacral  nerves  (pelvic  splanchnics  of  Gaskell)  pass  directly  to  the  vesical  plexuses.  Besides 
furnishing  branches  to  the  bladder,  each  vesical  plexus  supplies  the  corresponding  seminal  vesicle, 
the  vas  deferens,  and  the  distal  extremity  of  the  ureter. 

Wounds  and  injuries  of  the  Bladder  are  not  very  common,  a  cir- 
cumstance which  may  largely  be  accounted  for  by  the  well  protected 
position  of  the  viscus  within  the  pelvic  cavity.  A  solution  of  continuity 
of  the  bladder  wall  may,  however,  be  brought  about  in  various  ways  ;  the 
viscus  may  be  lacerated  by  sharp  bony  fragments  in  fractures  involving 
the  anterior  arch  of  the  pelvis,  or  it  may  rupture  from  a  direct  blow  or 
kick  in  the  hypogastrium.  For  this  latter  to  occur  it  is  necessary  that 
the  bladder  should  contain  a  considerable  amount  of  urine  at  the  time  of 
the  injury.  The  rupture  is  very  frequently  situated  at  the  upper  and 
posterior  aspect  of  the  bladder,  as  this  part  expands  most  readily  and 
is  the  least  well  protected  by  surrounding  structures.  The  bladder  is 
liable  to  be  involved  by  wounds  penetrating  the  abdominal  wall  in  the 
hypogastric  region,  from  within  the  rectum  also,  or  from  the  perineum, 
and  it  has  even  been  wounded  in  several  well  authenticated  cases  by 
penetrating  wounds  directed  from  behind  through  the  great  sacro-sciatic 
foramen.  The  possibility  of  such  an  occurrence  will  be  readily  explained 
by  fig.  143,  in  which  the  distended  bladder  is  observed  in  close  relation- 
ship to  the  posterior  pelvic  wall  in  the  vicinity  of  this  foramen.  A  pene- 
trating wound  directed  through  the  thyroid  foramen  would  also  implicate 
the  bladder.  When  the  latter  is  ruptured  the  site  of  the  lesion  may 
occupy  its  peritoneal  or  extraperitoneal  aspect,  and  the  danger  of  the 
injury  is  largely  dependent  upon  the  escape  of  urine  into  the  surrounding 
regions.  Urine  extravasated  into  the  loose  perivesical  tissues  readily 
becomes  diffused  between  the  bladder  and  the  pelvic  wall,  and  may 
also  spread  upwards  through  the  subperitoneal  tissue  of  the  abdominal 
parietes.  The  author  has  known  an  extravasation  of  urine  in  this  locality 
to  find  its  way  along  the  inguinal  canal  into  the  scrotum. 

The  Mucous  Membrane  of  the  Bladder,  situated  as  this  viscus  is  in 
the  centre  of  the  genito-urinary  system,  is  exceedingly  prone  to  patho- 
logical changes,  of  which  cystitis  is  undoubtedly  the  most  common  and 
can  usually  be  traced  to  infection  reaching  the  bladder  along  the  mucous- 
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lined  passages  with  which  it  is  connected,  especially  the  urethra — 
gonorrhoea,  catheterism,  etc.  On  the  other  hand,  it  is  by  no  means  rare 
for  infective  processes  to  extend  from  the  bladder  along  the  ureters  to  the 
kidneys,  setting  up  a  pyelo-nephritis. 

The  region  of  the  trigone  is  a  favourite  site  for  pathological  processes 
such  as  ulceration  or  neoplastic  formations.  This  doubtless  is  to  be 
accounted  for  largely  by  its  dependent  position  which  favours  stagnation 
of  the  bladder  contents,  by  the  greater  fixity  of  this  part  of  the  viscus, 
and  also  by  reason  of  the  fact  that  the  orifices  of  the  channels  which 
convey  the  renal  secretion  to  and  from  the  bladder  are  found  here.  A 
tumour  growing  in  the  vicinity  of  the  orifice  of  the  ureter  is  very  prone 
to  obstruct  the  entry  of  urine  into  the  bladder  and  to  give  rise  to  a  hydro- 
nephrosis  on  that  side.  Movable  calculi  within  the  bladder  gravitate  to 
the  basal  region  and  set  up  irritation  of  the  mucous  membrane, 
accompanied  by  haematuria  and  great  suffering. 

In  old  people  the  mucous  membrane  over  the  trigone  is  often  con- 
gested and  dark  in  colour,  the  subjacent  venous  radicles  also  become 
unusually  distinct  and  tend  to  assume  a  varicose  condition.  In  cases 
of  enlarged  prostate  they  are  often  so  affected,  and  as  their  walls  are  very 
liable  to  give  way  they  are  a  not  uncommon  source  of  haematuria. 

The  uvula  vesicae  (fig.  144)  is  not  prominent  in  young  adults  nor  in 
those  of  middle  age.  In  elderly  male  subjects,  on  the  other  hand,  it  often 
assumes  very  considerable  proportions  in  conjunction  with  senile  enlarge- 
ment of  the  prostate.  This  is  readily  explained  by  the  fact  that  it  is  super- 
posed directly  over  the  so-called  middle  lobe  of  the  latter  (fig.  137),  which 
may  develop  into  a  sessile  or  pedunculated  mass  of  considerable  size,  situ- 
ated immediately  behind  the  urethral  orifice  and  obstructing  the  urinary 
outflow.  When  such  a  state  of  affairs  has  existed  for  some  time,  the  floor  of 
the  bladder  behind  the  trigone — has  fond — not  uncommonly  presents  a  de- 
pression or  pouch  of  varying  depth.  In  some  cases  this  is  very  marked 
and  forms  a  large  sacculus  or  diverticulum  bulging  downwards  between 
the  rectum  and  the  prostate,  and  is  very  liable  to  lodge  a  calculus. 

The  bladder  mucous  membrane  is  abundantly  supplied  with  sensory 
nerves,  especially  over  the  trigone.  This  serves  to  explain  the  acute 
pain  associated  with  cystitis  or  with  calculi  which  roll  about  in  contact 
with  such  a  highly  sensitive  surface. 

Bladder  Tumours  are  not  very  uncommon.  The  variety  most 
frequently  observed  is  known  as  '  villous  tumour  of  the  bladder,'  and  is 
situated  as  a  rule  in  the  region  of  the  trigone.  It  is  benign  in  character, 
with  a  papillomatous  structure,  and  originates  in  the  mucous  membrane. 
Its  processes,  which  are  very  delicate  structures,  break  off  readily,  and 
consequently  these  growths  are  invariably  associated  with  frequent  and 
free  haemorrhage,  so  much  so  that  the  latter  has  come  to  be  regarded  as 
almost  pathognomonic  of  their  existence.  Other  simple  or  benign  tumours 
less  frequently  observed  are  myomata,  angeiomata,  and  fibromata. 

Of  malignant  growths,  epithelioma  is  the  more  common.  It  has  its 
origin  either  in  the  transitional  epithelium  of  the  mucous  membrane,  or 
as  is  perhaps  more  frequently  the  case,  affects  the  bladder  secondarily, 
spreading  to  it  by  direct  continuity  from  surrounding  parts,  viz.,  the 
rectum  in  the  male,  the  cervix  uteri  in  the  female.  Sarcomata  of  the 
bladder  are  occasionally  observed. 
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Fistulas  in  communication  with  the  Bladder  connect  its  interior 
either  with  an  adjoining  mucous  surface  or  with  the  skin.  The  former  are 
known  as  fistula  bimucosce,  and  may  open  into  the  rectum,  colon,  or  the 
vagina  in  the  female  ;  the  latter  are  termed  muco-cutaneous  fistula ;  they 
are  usually  situated  in  the  suprapubic  region,  and  sometimes  persist  after 
cystotomy,  the  bladder  wound  having  failed  to  close.  When  lateral  lith- 
otomy was  practised  more  frequently  than  it  has  been  of  late  years,  fistu- 
lous  openings  leading  into  the  bladder  were  occasionally  observed  in  the 
perineum.  Fistulae  in  connection  with  the  colon  or  rectum  are  generally 
the  result  of  disease  such  as  cancer  or  syphilis  ;  they  give  rise  to  great  dis- 
tress, both  mental  and  physical,  in  consequence  of  the  passage  of  faeces  and 
flatus  from  the  bowel  into  the  bladder  and  subsequently  along  the  urethra. 

Displacements  of  the  Bladder  are  usually  of  the  partial  or  incom- 
plete variety.  It  has  already  been  mentioned  that  the  bladder  may  find 
its  way  into  an  inguinal  hernia  (p.  413).  Herniae  of  the  bladder  have 
also  been  noted  in  other  regions,  viz.,  the  femoral  canal,  the  obturator 
foramen  and  the  great  sacro-sciatic  foramen. 

Prolapse  of  the  bladder  is  sometimes  observed  in  the  female ;  it 
bulges  backwards  against  the  anterior  vaginal  wall,  forming  what  is 
known-  as  a  vaginal  cystocele.  The  term  rectal  cystocele  is  applied  to  that 
condition  in  which  the  fundus  of  the  bladder  or  the  retro-ureteric  segment 
of  the  bladder  floor  bulges  downwards  and  backwards  in  elderly  male 
subjects  as  the  result  of  enlargement  of  the  prostate  combined  with 
increased  intravesical  pressure.  The  general  level  of  the  bladder  also  is 
liable  to  a  certain  amount  of  variability,  being  sometimes  higher,  some- 
times lower  than  normal.  In  cases  of  enlarged  prostate  the  bladder  floor 
is  usually  somewhat  raised,  and  the  same  alteration  in  its  position  may  be 
effected  by  distending  the  rectal  ampulla  with  a  rubber  bag.  In  adult 
females,  especially  those  who  have  borne  children,  the  bladder  is  apt  to 
sink  to  an  abnormally  low  level  owing  to  relaxation  of  the  pelvic  floor. 

The  Surgery  of  the  Bladder,  in  so  far  as  the  subject  can  be 
considered  here,  will  consist  in  a  brief  review  of  the  various  methods  of 
gaining  access  to  its  interior. 

(1)  The  urethral  route  is  usually  employed   when  it   is   desired  to 
gain  information  of  the  interior  of  the  bladder  for  diagnostic  purposes, 
and  in  this  direction  cystoscopic  examination  has  proved  an  invaluable 
aid  to  bladder   surgery  in   recent   years.     Owing   to   the   comparative 
shortness  and  ready  dilatability  of  the  urethra  in  the  female,  access  to 
the  bladder  is  much  easier  by  this  route  than  in  the  male.     Through  the 
dilated   female  urethra  it  is  possible  to  examine  the  mucous  lining  of 
the   bladder,  to  inspect  the  openings  of  the  ureters,  and  to  pass  fine 
bougies  or  catheters  along  their  interior.     Small  bladder  growths,  foreign 
bodies,  or  calculi  can  often  be  removed  in  this  way.     Excessive  dilatation 
of  the  passage,  however,  is  liable  to  be  followed  by  incontinence  of  urine. 

(2)  The  suprapubic  route  is  the  one  most  universally  selected  at  the 
present  day.     It  affords  excellent  access  to  the  bladder  for  the  removal 
of  calculi  (lithotomy),   new   growths,   and   certain    forms    of    prostatic 
enlargement  (prostatectomy}.     Suprapubic  cystotomy  is  sometimes  per- 
formed with  the  object  of  draining  the  bladder,  and  it  is  in  the  supra- 
pubic region  that  aspiration  or  tapping  is  usually  performed  in  cases  of 
retention  of  urine  which  cannot  be  relieved  by  the  aid  of  the  catheter. 
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Suprapubic  Cystotomy. — As  it  is  the  aim  of  this  operation  to 
expose  the  bladder  below  the  point  of  reflexion  of  the  peritoneum 
from  the  abdominal  wall  without  opening  the  peritoneal  cavity,  it  is 
essential  that  the  viscus  should  be  fully  distended  as  a  preliminary  step. 
This  may  be  done  by  injecting  from  ten  to  twelve  ounces  of  weak  lotion  or, 
if  preferred,  inflation  by  air  may  be  employed  instead.  The  rectal 
ampulla  is  sometimes  distended  also,  the  object  being  to  raise  the 
bladder  floor  and  furnish  it  with  a  firm  basis  of  support.  A  rubber 
bag  (Peterson's)  is  employed  for  the  purpose ;  it  is  introduced  into  the 
bowel  in  a  collapsed  state  and  inflated  in  situ.  An  alternative  pro- 
cedure is  to  raise  the  bladder  floor  by  means  of  one  or  two  fingers 
introduced  by  an  assistant  into  the  rectal  ampulla,  pressure  being  made 
against  the  anterior  wall  of  the  latter  in  a  forward  and  upward  direction. 

A  vertical  median  incision  is  made  through  the  anterior  abdominal 
wall  in  the  suprapubic  region ;  its  length  should  be  about  four  inches,  and 
its  lower  extremity  should  reach  just  over  the  symphysis.  Having 
divided  the  superficial  tissues,  the  incision  is  extended  deeply  in  the 
interval  between  the  pyramidales  and  recti  muscles  (linea  alba).  The 
fascia  transversalis  lies  behind  these,  but  is  separated  from  them  at  the 
upper  border  of  the  symphysis  by  an  interval,  triangular  on  vertical 
section,  containing  some  fatty  tissue  which  is  apt  to  be  mistaken  for 
the  prevesical  fat  (fig.  137).  On  dividing  the  fascia  transversalis  the 
prevesical  space  will  be  exposed — space  of  Retzius.  The  bladder,  if  well 
distended,  is  readily  detected  by  the  finger  introduced  into  the  lower 
angle  of  the  wound.  The  peritoneal  reflexion  is  sought  and  drawn 
upwards  out  of  the  way ;  this  is  easily  done  as  a  rule,  as  the  connection 
of  the  peritoneum  with  the  bladder  is  fairly  loose.  The  prevesical  fat 
and  the  vesical  layer  of  the  pelvic  fascia  are  now  divided,  and  as  this  is 
being  done  care  should  be  taken  to  avoid,  if  possible,  the  anterior  vesical 
veins  which  descend  over  the  anterior  aspect  of  the  bladder  and  are 
sometimes  dilated  to  an  undesirable  extent.  Finally,  the  bladder  wall 
is  drawn  forwards  and  incised  vertically.  A  finger  is  then  introduced 
and  a  careful  exploration  made  of  the  interior  of  the  viscus.  Owing 
to  the  proximity  of  the  urethral  orifice  to  the  upper  margin  of  the 
symphysis,  it  is  quite  accessible  to  the  finger  introduced  through  the 
suprapubic  wound  (fig.  137). 

(3)  The  perineal  route  was  the  one  usually  selected  in  the  days  of 
lithotomy,  before  litholopaxy  came  into  vogue.     Its  further  consideration 
will  be  found  in  the  section  dealing  with  the  perineum. 

(4)  The  rectal  method  of  approach  to  the  bladder  is  open  to  great 
objection.     The  area  within  which  the  operation  is  conducted,  viz.,  the 
angular  interval  between  the  ampullae  of  the  vasa  deferentia  above  the 
base  of  the  prostate,  where  the  bladder  is  uncovered  by  peritoneum  and 
merely  separated  from  the  rectum  by  the  recto-vesical  fascia,  is  liable  to 
vary  in  extent  owing  to  the  inconstancy  of  the  level  of  the  recto-vesical 
reflexion  of  the  peritoneum.     Even  when  the  bladder  is  fully  distended 
the  peritoneum  may  reach  down  quite  close  to  the  prostate,  and  in  such 
cases  a  trochar  and  cannula  passed  from  the  rectum  into  the  bladder 
would  be  almost  certain  to   traverse  the  bottom  of  the  recto-genital 
pouch.     The  vasa  deferentia  also  lie  in  close  apposition   for  a   short 
distance  above  the  base  of  the  prostate  (fig.  143),  and  would  of  necessity 
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be  wounded  by  a  median  puncture  at  this  level.  Another  objection  to 
this  procedure  is  that  infection  would  be  likely  to  spread  to  the  bladder 
from  the  rectum  and  cause  cystitis. 

(5)  The  vaginal  route. — In  the  female  the  bladder  may  be  reached  by 
an  incision  through  the  anterior  vaginal  wall  (vaginal  cystotomy),  but 
such  a  procedure  is  seldom  practised.  It  is  very  liable  to  be  followed 
by  a  vesico-vaginal  fistula. 


THE  PROSTATE. 


The  Prostate  is  a  solid  body  of  firm  consistency  which  has  been  compared  both  in  size  and 
shape  to  a  Spanish  chestnut.  It  is  situated  within  the  pelvis  and  is  intimately  connected  with 
the  bladder  by  its  upper  or  basal  aspect,  the  two  in  fact  being  for  the  most  part  structurally 
continuous.  It  is  traversed  in  an  almost  vertical  direction  by  the  urethra  ;  the  latter,  however, 
presents  a  slight  curve  with  its  concavity  directed  forwards.  The  colour  of  the  prostate  is  a  dull 
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FIG.  145. — The  bladder  and  prostate  viewed  from  the  side,  with  the  vesico-prostatic  venous 
plexus — formalin  preparation.  Note  that  the  principal  veins  are  lodged  within  the  deep 
groove  between  the  prostate  and  the  bladder,  and  that  the  large  venous  trunks  issuing  from 
the  plexus  and  the  inferior  vesical  artery  are  closely  related  to  the  outer  aspect  of  the 
seminal  vesicle  and  to  the  ureter  near  its  termination.  The  prostatic  capsule  has  been 
removed.  It  is  instructive  to  compare  the  view  of  the  prostate  presented  in  this  fig.  with 
those  provided  by  figs.  143  and  146. 

reddish  brown,  and  it  is  composed  mainly  of  unstriped  muscle  and  glandular  tissue.  In  length 
it  measures  about  one  and  a  quarter  inches  ;  its  breadth  at  its  widest  part  is  about  one  and  a  half 
inches,  and  its  antero-posterior  depth  three-quarters  of  an  inch  (Quain).  Posteriorly  at  its  base 
the  prostate  presents  a  slit  or  fissure  directed  transversely  (fig.  143).  Within  it  are  found  the  lower 
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tapering  extremities  of  the  seminal  vesicles  with  the  vasa  deferentia  and  the  common  ejaculatory 
ducts,  which  are  really  the  continuations  of  these.     Both  ducts  traverse  the  prostate  obliquely, 


Branch  of  the  Inferior  Vesical  Artery. 
Obturator  Internus  Muscle. 

Obturator  Membrane. 

Obturator  Externus 
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Portion  of  the  Muscular  Coat  of  the  Bladder. 
The  Pubic  Symphysis. 

The  Prostate  surrounded  by  its  Capsule. 


The  Pubic  Recess  of  the  Ischio- 
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and  Obturator  Fasciae. 


Ischio-rectal  Fossa. 

Levator  Ani  Muscle. 
The  Prostatic  Venous  Plexus. 


Internal  Pudic 

Vessels  and  Nerve. 

The  Recto- vesical  Layer  of  the  Pelvic  Fascia. 
The  Rectal  Layer  of  the  Pelvic  Fascia  (fascia  recti). 
The  Rectum. 

Common  Ejaculatory  Duct. 


FIG.  146. — Horizontal  section  through  the  pelvis  at  the  level  of  the  basal  extremity  of  the 
prostate,  i.e.  immediately  beneath  the  bladder  floor.  The  levatores  ani  muscles  and  the 
pubic  bones  are  observed  to  enclose  an  elliptical  space  within  which  are  contained  the 
rectum,  the  prostate  surrounded  by  its  capsule  derived  from  the  pelvic  fascia,  and  the 
veins  of  the  vesico-prostatic  plexus.  In  front  of  the  prostate  the  section  has  traversed  the 
extreme  lower  aspect  of  the  bladder  and  has  sliced  off  a  small  portion  of  its  muscular  coat. 
Note  the  manner  in  which  the  rectum  is  invested  by  loose  fatty  tissue  and  enclosed  within 
a  distinct  compartment,  bounded  in  front  by  the  recto-vesical,  behind  by  the  rectal  layer 
of  the  visceral  pelvic  fascia.  The  macroscopical  appearances  presented  by  the  prostate  are 
very  instructive.  The  urethra  is  completely  surrounded  by  unstriped  muscular  tissue,  and 
behind  this  and  quite  close  to  the  posterior  border  of  the  organ  are  seen  the  two  common 
ejaculatory  ducts  cut  across.  Each  lateral  lobe  is  provided  with  a  thin  investing  layer  of 
connective  tissue  (sheath  of  the  prostate)  which  is  closely  applied  against  its  outer  cortical 
layer  of  muscle  from  which  prolongations  of  a  septal  nature  travel  inwards,  subdividing 
the  glandular  tissue  of  the  prostate,  and  become  continuous  with  the  central  collection 
of  muscle.  The  so-called  '  middle  lobe '  is  that  part  of  the  prostate  which  intervenes 
between  the  urethra  in  front  and  the  common  ejaculatory  ducts  behind.  It  will  be  ob- 
served, however,  that  it  can  in  no  way  be  regarded  as  a  separate  part  of  the  organ,  but 
rather  as  an  isthmus  or  commissure  connecting  the  lateral  lobes  behind  the  urethra. 


and   open   by  minute  orifices  on  the  summit  of  the  verumontanum  (crista  urethralis),  which 
occupies  the  floor  or  rather  the  posterior  wall  of  the  prostatic  urethra. 
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The  prostatic  fissure  just  alluded  to  appears  on  sagittal  section  to  divide  the  posterior 
segment  of  the  prostate  into  two  parts.  The  upper  or  anterior  (fig.  137)  is  usually  the  smaller, 
and  lies  immediately  subjacent  to  the  apex  of  the  trigone  behind  the  urethral  orifice.  It  is  also 
known  as  the  '  middle  lobe '  of  the  prostate  (Sir  Everard  Home),  and  plays  an  important  part  in  the 
pathology  of  this  structure.  It  is  not  in  any  sense  of  the  term  a  separate  portion  of  the  normal 
prostate,  but  passes  uninterruptedly  on  each  side  of  the  prostatic  fissure  into  the  corresponding 
lateral  lobe,  and  is  really  an  isthmus  connecting  these  in  front  of  the  seminal  ducts.  This 
relationship  is  clearly  demonstrated  by  a  horizontal  section  traversing  the  prostate  close  to  its 
basal  extremity  (fig.  146). 

The  apex  of  the  prostate  is  directed  downwards  and  forwards,  and  comes  into  close  relation- 
ship with  the  posterior  layer  of  the  triangular  ligament  and  with  the  compressor  urethrse  muscle. 

The  anterior  aspect  of  the  prostate  is  separated  from  the  symphysis  pubis  by  some  of  the 
retro-pubic  fatty  tissue,  and  derives  a  covering  from  the  pubo-prostatic  ligaments  which  belong  to 
the  visceral  subdivision  of  the  pelvic  fascia  ;  the  urethra  emerges  from  it  just  in  front  of  the 
apex.  The  posterior  surface  of  the  prostate  is  much  more  extensive  ;  it  presents  a  shallow 
groove  directed  vertically,  and  is  quite  smooth.  It  is  invested  by  the  recto-vesical  fascia,  and 
is  separated  by  it  from  the  anterior  bend  of  the  rectum  immediately  above  the  anal  canal.  The 
lateral  aspect  of  the  prostate  on  each  side  presents  a  rounded  border  which  fails  to  reach  the 
bladder  above,  being  separated  from  it  by  a  deep  sulcus  in  which  are  lodged  the  greater  number 
of  the  veins  which  constitute  the  vesico-prostatic  plexus.  This  aspect  of  the  prostate  lies  in 
contact  with  the  pelvic  fascia  which  clothes  the  levator  ani  muscle.  The  entire  prostate  in  fact 
is  encased  within  a  distinct  membranous  capsule  derived  from  the  pelvic  fascia,  and  which  is 
usually  referred  to  as  the  prostatic  capsule.  The  large  veins  of  the  prostatic  plexus  also  lie 
within  this  fascial  envelope  (fig.  146). 

Its  anterior  or  pre-urethral  segment  forms  about  one-third  of  the  entire  mass  of  the  prostate, 
and  is  mainly  composed  of  smooth  muscular  tissue.  The  retro-urethral  segment,  as  already 
mentioned,  presents  an  upper  smaller  division,  the  so-called  "  middle  lobe,"  the  extent  and  con- 
nections of  which  have  just  been  noted,  and  a  lower  part  situated  below  and  behind  the  common 
ejaculatory  ducts,  which  usually  contains  a  considerable  amount  of  glandular  tissue. 

The  Structure  of  the  Prostate. — The  prostate  is  largely  composed  of  unstriped  muscular 
tissue.  This  latter  together  with  some  connective  tissue  (sheath  of  the  prostate)  exclusively 
forms  its  outer  cortical  layer,  and  sends  a  large  number  of  processes  inwards,  which  are  connected 
with  a  central  collection  of  unstriped  muscle  surrounding  the  urethra  and  stretching  across  the 
middle  line  from  one  side  to  the  other  in  front  of  it.  In  addition  to.  its  muscular  element,  the 
prostate  contains  a  varying  proportion  of  glandular  tissue.  This  latter  is  collected  for  the  most 
part  behind  and  on  each  side  of  the  urethra,  and  is  divided  up  somewhat  imperfectly  into 
lobules  by  the  fibro- muscular  septa  which  run  inwards  from  the  cortical  layer  (fig.  146).  The 
muscular  and  glandular  tissues,  as  seen  in  a  cross  section  of  the  prostate,  very  frequently  appear 
to  intermingle  with  each  other  in  a  sort  of  haphazard  way  and  to  present  no  definite  or  regular 
system  of  arrangement.  The  glands  are  branching  tubular  structures  lined  by  columnar  epi- 
thelium, and  their  ducts  pierce  the  floor  of  the  urethra  on  each  side  of  the  verumontanum. 

Within  the  prostate  the  common  ejaculatory  ducts  traverse  the  prostatic  fissure  and  are 
surrounded  by  a  collection  of  connective  tissue.  As  they  approach  the  urethra  they  are  closely 
applied  against  the  sides  of  the  sinus  pocularis.  (See  Prostatic  urethra,  p.  561. ) 

Inflammation  of  the  Prostate  (Prostatitis)  is  usually  preceded  by 
urethritis,  especially  the  gonorrhoeal  form.  The  infective  matter  is  con- 
veyed along  the  ducts  to  the  prostatic  glands  and  sets  up  inflammatory 
changes  in  the  fibro-muscular  tissue  by  which  these  are  surrounded  ;  the 
prostate  at  the  same  time  increases  considerably  in  size,  and  eventually 
suppuration  may  make  its  appearance  either  in  the  form  of  a  single  large 
abscess  or  as  several  discrete  foci.  A  fair  idea  of  the  swollen  condition 
of  the  prostate  will  be  obtained  by  a  rectal  examination,  and  fluctuation 
may  possibly  be  detected  if  the  abscess  should  tend  to  point  in  a  back- 
ward direction. 

Prostatic  abscesses  are  liable  to  be  followed  by  very  serious 
consequences  in  the  event  of  their  becoming  diffused  into  the  pelvic 
cellular  tissue,  or  if  they  should  discharge  their  contents  into  the  rectum 
or  urethra  or  into  both.  A  recto-urethral  fistula  is  an  exceedingly 
troublesome  condition  as  a  certain  amount  of  urine  escapes  into  the 
rectum  at  each  act  of  micturition  and  has  a  tendency  to  set  up  proctitis. 
Should  a  prostatic  abscess  extend  by  a  process  of  ulceration  through  the 
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investing  capsule  of  the  organ  into  the  pelvic  connective  tissue,  it  would 
be  followed  by  a  cellulitis  within  the  perivesical  space  (p.  513),  and 
would  point  not  improbably  above  Poupart's  ligament.  A  periprostatic 
abscess  occasionally  makes  its  way  towards  the  perineum,  travelling  in 
the  direction  of  the  membranous  urethra,  and  points  between  the  anus 
and  the  bulb,  i.e.  within  the  recto-urethral  triangle  (fig.  137).  Having 
emerged  between  the  anterior  margins  of  the  levatores  ani  muscles,  it 
may  extend  backwards,  and  form  a  collection  in  the  ischio-rectal  fossa 
between  the  tuber  ischii  and  the  anus,  A  prostatic  abscess  also  may  be 
followed  by  a  perineal  fistula  leading  to  the  superior  pelvi-rectal  space. 
A  spreading  thrombo-phlebitis  in  the  veins  of  the  prostatic  plexus  is  a 
complication  to  be  feared  in  these  cases,  and  it  is  for  the  purpose  of  avoid- 
ing this  and  the  other  unpleasant  consequences  just  mentioned  that  the 
evacuation  of  prostatic  abscesses  should  be  effected  as  soon  as  possible. 
The  best  mode  of  access  is  undoubtedly  by  a  perineal  incision  in  front  of 
the  anus.  In  reaching  the  abscess,  the  following  structures  will  be 
traversed  in  addition  to  the  skin  and  subcutaneous  tissue — the  anterior 
portion  of  the  external  sphincter,  the  mass  of  tissue  situated  between  the 
bulb  of  the  corpus  spongiosum  and  the  anal  canal,  and  which  is  known  as 
the  '  perineal  body,'  the  base  of  the  triangular  ligament,  the  compressor 
urethrae  muscle,  the  posterior  layer  of  the  triangular  ligament  (pelvic 
fascia),  some  fibres  of  the  levator  ani  muscle,  the  capsule  of  the  prostate, 
and  finally  the  prostatic  tissue  forming  the  wall  of  the  abscess.  These 
structures  will  very  probably  be  found  in  a  condition  of  inflammatory 
infiltration  and  profoundly  altered  in  character. 

Should  a  mesial  incision  give  insufficient  access  it  may  be  extended 
backwards  and  outwards  into  the  ischio-rectal  fossa  on  one  or  both  sides. 

Chronic  inflammation  and  abscess  of  the  prostate  are  invariably  of 
tubercular  origin,  and  are  associated  as  a  rule  with  tubercular  disease  of 
the  seminal  vesicles,  bladder,  testis,  and  perhaps  the  kidneys.  Such 
extensive  infection  is  readily  explained  by  the  direct  continuity  of  the 
mucous  membrane  lining  the  genito-urinary  passages. 

Senile  Enlargement  of  the  Prostate  is  rarely  noted  before  the  fifty- 
fifth  year.  In  the  course  of  its  enlargement  the  constituent  parts  of  the 
prostate,  viz.,  its  glandular  and  fibro-muscular  tissues,  do  not  always 
maintain  their  relative  proportions.  In  some  cases,  however,  they  do  ; 
the  entire  prostate  enlarges,  and  there  is  a  general  intermingling  of  its 
glandular  and  fibro-myomatous  •  tissues.  This  form  of  enlargement 
does  not  usually  advance  to  any  considerable  extent,  and  the  prostate 
retains  its  firm  consistency,  it  may  indeed  be  somewhat  firmer  than 
normal.  In  other  and  apparently  the  greater  number  of  cases  the  con- 
stituent parts  of  the  prostate  increase  unequally ;  sometimes  it  is  the 
fibro-muscular,  but  most  frequently  it  is  the  glandular  tissue  which 
predominates.  The  latter  forms  distinct  tumours  or  adenomata,  which 
may  develop  to  such  an  extent  as  to  cause  a  very  pronounced  form  of 
prostatic  enlargement.  The  adenomatous  masses  progressively  increase 
in  size  with  the  result  that  the  outer  cortical  layer  of  the  prostate  by 
which  they  are  enveloped,  and  which  consists  for  the  most  part  of 
unstriped  muscle  and  connective  tissue,  is  enormously  expanded  and 
maintained  at  a  high  degree  of  tension.  The  urethra  is  laterally  com- 
pressed, it  elongates  with  the  general  enlargement  of  the  prostate,  and 
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its  antero- posterior  curve  is  greatly  accentuated.  In  the  course  of  its 
enlargement  the  basal  extremity  of  the  prostate  projects  upwards,  and 
causes  a  remarkable  alteration  in  the  appearance  of  the  bladder  floor. 
The  upward  projection  of  each  lateral  lobe  gives  rise  to  a  hemispherical 
elevation  at  each  side  of  the  urethral  orifice,  and  the  middle  lobe  also 
juts  upwards  behind  the  latter,  and  raises  with  it  the  fold  of  mucous 
membrane  known  as  the  uvula  vesicae.  Three  elevations,  therefore,  are 
seen  within  the  bladder  in  a  typical  case  of  prostatic  enlargement, 
arranged  around  the  urethral  orifice,  viz.,  a  median  and  two  lateral,  and 
are  separated  from  each  other  as  a  rule  by  deep  grooves.  Occasionally 
the  mass  which  projects  into  the  bladder  runs  continuously  from  one  side 
to  the  other,  as  a  collar  surrounding  the  entrance  to  the  urethra.  The 
adenomatous  masses  are  quite  easily  separated  from  the  other  tissues  of 
the  prostate  as  they  are  invariably  encapsuled.  The  common  ejaculatory 
ducts  and  the  prostatic  tissue  by  which  they  are  surrounded  are 
displaced  in  a  downward  and  backward  direction  in  these  large 
adenomatous  prostates. 

Circumscribed  masses,  round  or  oval  on  section,  and  of  a  myomatous 
or  fibro-myomatous  character,  are  not  uncommon. 

The  enlargement  of  the  prostate  is  sometimes  of  a  partial  nature, 
and  mainly  confined  to  one  part,  it  may  be  to  one  lateral  lobe,  but  more 
commonly  it  is  the  middle  lobe  in  which  the  enlargement  is  most 
evident.  The  growth  may  be  either  adenomatous  or  myomatous  in  its 
structural  character,  and  provided  either  with  a  sessile  or  pedunculated 
attachment  to  the  subjacent  mass  of  the  prostate.  In  the  former  case 
the  enlarged  middle  lobe  rises  up  and  advances  forwards  as  a  rigid  wall 
from  behind  forwards  over  the  urethral  orifice,  and  it  is  this  which 
accounts  to  a  large  extent  for  the  elongation  and  greatly  accentuated 
curvature  of  the  prostatic  urethra.  When  the  middle  lobe  has  a 
pedunculated  attachment,  it  tends  to  fall  forwards  against  the  urethral 
orifice  and  occlude  it  after  the  manner  of  a  ball  valve. 

The  effect  upon  micturition. — Senile  enlargement  of  the  prostate 
often  exists  without  causing  any  untoward  symptoms,  but  in  a  certain 
percentage  of  cases  it  gives  rise  to  difficulty  in  micturition.  This  is  due 
partly  to  the  effects  of  the  enlargement  upon  the  prostatic  urethra,  i.e. 
lateral  compression,  and  partly  to  its  effects  upon  the  urethral  orifice, 
brought  about  by  an  overhanging  or  pedunculated  middle  lobe. 

Owing  to  the  elongation  of  the  prostatic  urethra  and  its  greatly 
increased  curvature  special  forms  of  catheter  are  employed  to  draw  off 
the  urine  in  these  cases.  A  metallic  prostatic  catheter  is  longer  and  the 
curve  which  it  forms  represents  the  arc  of  a  larger  circle  than  does  that  of 
an  ordinary  catheter.  Flexible  elbowed  catheters — coudee  or  bicoudee — 
are  also  useful  in  overcoming  prostatic  obstruction  as  the  angular  bend 
near  the  tip  enables  them  to  slip  past  the  enlarged  middle  lobe  and  enter 
the  bladder,  which  a  straight  instrument  would  not  be  likely  to  do. 

Prostatectomy. — This  operation  aims  at  affording  permanent  relief 
to  the  urinary  obstruction.  In  order  to  attain  this  object  it  is  necessary 
to  remove  en  masse  those  portions  of  the  enlarged  lateral  lobes,  i.e. 
circumscribed  and  encapsuled  masses  which  exert  a  compressing 
influence  upon  the  urethra,  and  also  the  enlarged  middle  lobe,  for 
reasons  above  mentioned.  The  parts  which  it  is  undesirable  to  interfere 
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with  are  the  expanded  cortical  layer  of  the  prostate  and  its  capsule, 
including  the  prostatic  venous  plexus,  the  prostatic  urethra,  the  common 
ejaculatory  ducts  and  the  prostatic  tissue  by  which  they  are  immediately 
surrounded.  Two  forms  of  prostatectomy  are  practised,  viz.,  the  supra- 
pubic  and  the  perineal. 

(1)  Suprapubic  Prostatectomy. — The  bladder  is  opened  in  the  manner 
already  described — see  Suprapubic  Cystotomy — the  patient  being  in  the 
Trendelenburg   position.       The   mucous    membrane   which    covers   the 
upwardly  projecting  lateral  lobes  is  incised,  the  index  finger  is  intro- 
duced and  the  process  of  enucleation  carried  out.     The  enlarged  middle 
lobe  is  also  enucleated.     While  the  encapsuled  prostatic  masses  are  being 
removed,  an  assistant  with  two  fingers  in  the  rectum  presses  the  prostate 
forwards  in  the  direction  of  the  suprapubic   wound   and   steadies  the 
bladder  floor.     This  operation  is  essentially  indicated  in   cases  of  en- 
largement due  to  encapsuled  masses — adenomata  or  fibro-myomata — 
within  the  prostate.     In  a  certain  percentage  of  cases  the  form  of  enlarge- 
ment of  the  prostate  is  such  that  it  is  not  possible  to  enucleate  encapsuled 
growths.     In  these  cases  there  is  a  general  intermingling  of  the  prostatic 
tissues,  a  normal  prostate,  in  fact,  on  a  large  scale,  and  it  is  for  such  that 
complete  removal  is  most  likely  to  be  required.      In  carrying  out   this 
procedure,  the  prostatic  urethra  is  removed  in  the  whole  or  greater  part 
of  its  extent,  the  large  veins  of  the  prostatic  plexus  too  are  necessarily 
torn   and  give  rise  to  troublesome   haemorrhage.      The   comparatively 
slight  risk  which  appears  to  have  attended  total  prostatectomy  is  mainly 
due  no  doubt  to  the  fact  that  the  prostatic  capsule  remains  untorn,  and 
extravasation  of  urine  into  the  cellular  tissue  of  the  pelvis  is  consequently 
prevented. 

(2)  Perineal  Prostatectomy. — In  the  perineal  operation  the  patient  is 
put  in  the  lithotomy  position,  a  mesial  incision  is  made  in  front  of  the 
anus,  and  from  its  posterior  extremity  a  deep  cut  is  carried  outwards 
and  backwards  on  one   or  both  sides  with  a  slightly  curved  direction 
into  the  ischio-rectal  fossa,  and  made  to  terminate  midway  between  the 
anus  and  the  tuber,  ischii.     This  incision  is  gradually  deepened  mesially 
in  the  interval  between  the  rectum  and  the  bulb,  and  on  each  side  through 
the  tissues  of  the  ischio-rectal  fossa  and  the  pelvic  diaphragm  until  the 
prostate  is  reached.     The  structures  encountered  in  exposing  the  prostate 
have  been  already  enumerated — see  Prostatitis.     Perineal  prostatectomy 
is  sometimes  preceded  by  a  suprapubic  cystotomy  as  this  enables  the 
operator  to  form  a  more  correct  judgment  of  the  degree  of  prostatic 
enlargement  present,  and  it  also  facilitates  the  subsequent  removal  of  the 
prostatic  tissue,  owing  to  the  ready  manner  in  which  the  parts  can  be 
depressed  towards  the  perineum  by  the  finger  within  the  bladder.     The 
key  to  this  operation  is  undoubtedly  the  division  of  the  anterior  portions 
of  the  levatores  ani  muscles  upon  which  the  prostate  rests.     Not  only 
does  this  bring  the  operator  into  touch  with  the  diseased  organ  but  it 
enables  him  to  seize  hold  of  the  latter  and  draw  it  down  towards  the 
superficial  part  of  the  perineal  wound,  a  step  which  greatly  facilitates  the 
subsequent  stages  of  the  operation,  viz.,  the  enucleation  process.     The 
principal  advantages  of  this  perineal  operation  are  that  it  avoids  an  exten- 
sive wound  of  the  bladder  floor  and  it  affords  a  dependent  site  for  drain- 
age which  is  so  very  important  in  cases  complicated  by  chronic  cystitis. 
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THE  SEMINAL  VESICLES. 

The  seminal  vesicles  originate  as  sacculated  offshoots  from  the  vasa  deferentia.  Each  vesicle 
measures  about  one  and  a  half  to  two  inches  in  length  and  is  somewhat  prismatic  or  pyramidal  in 
shape.  Its  long  axis  is  inclined  obliquely  from  above  downwards  and  inwards  to  the  base  of  the 
prostate,  where  the  two  vesicles  come  into  close  relationship.  Their  exterior  is  not  quite  smooth, 
but  presents  an  uneven  tuberculated  appearance.  Their  upper  or  basal  extremities  are  wide  apart, 
especially  when  the  bladder  and  rectum  are  distended  (fig.  143) ;  they  are  partially  invested  by 
the  peritoneum  of  the  recto-vesical  pouch,  and  the  terminal  portions  of  the  ureters  separate  them 
from  contact  with  the  bladder  wall.  Their  outer  borders  are  closely  related  to  the  pelvic  floor.  By 
its  posterior  aspect  each  seminal  vesicle  is  moulded  against  the  anterior  aspect  of  the  rectal  wall 
and  its  anterior  surface  is  applied  against  the  bladder.  Its  lower,  pointed  extremity  is  received 
within  the  transverse  fissure  at  the  base  of  the  prostate  and  joins  ihe  outer  aspect  of  the  corre- 
sponding vas.  From  the  point  of  junction  the  common  ejaculatory  duct  is  continued  downwards 
and  forwards  through  the  prostate,  it  is  closely  applied  against  the  side  of  the  prostatic  utricle 
and  opens  by  a  narrow  orifice  upon  the  summit  of  the  colliculus  seminalis  or  verumontanum  which 
is  situated  upon  the  posterior  wall  of  the  prostatic  urethra.  The  ampulla  of  the  vas  deferens  lies 
along  the  inner  border  of  the  corresponding  vesicle,  and  is  approached  by  its  fellow  of  the 
opposite  side  a  short  distance  above  the  base  of  the  prostate,  the  two  tubes  lying  here  in  contact. 
Both  the  seminal  vesicles  and  the  ampullae  of  the  vasa  deferentia  are  enclosed  within  a  sheath 
derived  from  the  recto-vesical  fascia.  The  portion  of  this  sheath  next  the  rectum  is  the  strongest ; 
its  extent  and  connections  are  seen  to  best  advantage  in  a  dissection  from  behind  as  the  parts  lie 
in  situ — see  fig.  143.  Not  infrequently  there  is  a  want  of  symmetry  between  the  two  seminal 
vesicles,  one  being  somewhat  larger  than  the  other. 

Inflammation  of  the  Seminal  Vesicles,  or  Vesiculitis,  is  usually 
secondary  to  infection  of  other  parts  of  the  genito-urinary  tract. 
Gonorrhceal  vesiculitis  may  succeed  prostatitis  and  terminate  in  abscess. 
Such  an  eventuality  is  much  to  be  dreaded  owing  to  the  deep  intrapelvic 
position  of  the  affected  part  and  the  possibility  of  a  deep  extension  of 
the  abscess.  It  may  discharge  its  contents  into  the  rectum,  or  even  into 
the  general  peritoneal  cavity,  but  this  is  usually  obviated  by  the  adhesions 
which  result  from  localised  peritonitis.  Another  direction  in  which  the 
abscess  may  extend  is  downwards  through  the  pelvic  diaphragm  to  the 
perineal  region,  in  a  manner  similar  to  that  already  described  in  con- 
nection with  prostatic  abscess. 

Tubercular  vesiculitis  is  invariably  secondary  to  tuberculosis  of  the 
testis,  the  infection  travelling  from  one  to  the  other  along  the  vas  ;  it  may 
originate,  however,  in  the  kidney  or  bladder.  Rectal  examination  is 
useful  in  all  cases  of  vesiculitis  as  it  enables  one  to  gauge  the  extent  of  the 
swelling  and  to  form  an  opinion  as  to  when  the  evacuation  of  the  abscess 
should  be  carried  out.  The  best  method  for  effecting  this  is  by  a  perineal 
incision  similar  to  that  described  in  the  treatment  of  prostatic  abscess. 

The  removal  of  one  of  the  seminal  vesicles  is  occasionally  performed 
in  cases  of  tubercular  disease.  The  vesicle  is  reached  by  a  curved  incision 
in  front  of  the  anus — see  Perineal  Prostatectomy.  The  operation  is 
attended  by  considerable  difficulty,  by  reason  of  the  confined  limits  of 
the  space  and  the  great  depth  at  which  the  vesicle  is  placed. 
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THE  PERINEUM. 

The  perineal  region  corresponds  in  extent  to  the  outlet  of  the  pelvis ; 
its  outline  therefore  is  lozenge-shaped,  and  its  boundaries  are ;  in  front, 
the  symphysis  pubis ;  on  each  side,  the  rami  of  the  pubis  and  ischium, 
the  tuberosity  of  the  ischium,  and  the  great  sacro  -  sciatic  ligament ; 
behind,  the  coccyx.  It  is  shut  off  from  the  pelvic  cavity  by  a  well 
developed  diaphragm,  which  stretches  across  from  one  lateral  pelvic  wall 
to  the  other.  Before  proceeding  with  the  study  of  the  perineum  it  is 
desirable  that  the  reader  should  understand  the  manner  in  which  this 
diaphragm  is  arranged. 

The  pelvic  diaphragm  is  a  musculo-membranous  partition  which 
forms  the  lower  boundary  or  floor  of  the  pelvic  basin.  The  muscles 
which  enter  into  its  composition,  viz.,  the  levatores  ani  and  the  coccygei, 
obtain  a  continuous  line  of  attachment  to  the  inner  aspect  of  the  pelvic 
wall,  from  a  point  in  front  near  the  lower  border  of  the  symphysis  pubis 
to  the  ischial  spine  behind.  From  this  extensive  line  of  origin  the  muscle 
fibres,  in  the  form  of  a  thin  sheet,  are  directed  to  the  middle  line  with 
varying  degrees  of  obliquity  to  meet  their  fellows  of  the  opposite  side. 
They  succeed  only  partially,  however,  in  doing  so,  as  their  junction  is 
interrupted  by  the  downward  passage  of  the  urethra  and  rectum  in  the 
male,  the  urethra,  vagina,  and  rectum  in  the  female.  Viewed  from 
above,  the  pelvic  diaphragm  presents  to  some  extent  the  appearance  of  a 
hollow  cone,  at  the  apex  or  most  dependent  part  of  which  the  rectum 
makes  its  exit  into  the  perineum.  An  extension  from  the  pelvic  fascia 
invests  its  upper  surface,  and  furnishes  prolongations  of  an  ensheathing 
character  to  the  structures  which  rest  in  contact  with  the  pelvic  floor 
(p.  512).  When  the  pelvic  diaphragm  is  viewed  from  below,  in  a  well 
dissected  part  in  which  the  tissues  have  been  hardened  by  formalin,  it 
will  be  observed  to  project  downwards  towards  the  pelvic  outlet.  There 
is  a  space,  however,  on  each  side,  between  it  and  the  pelvic  parietes, 
which  is  closed  above  along  the  line  of  attachment  of  the  pelvic  dia- 
phragm, but  is  open  below  and  widens  out  gradually  in  the  direction  of 
the  perineal  integument,  viz.,  the  ischio-rectal  fossa.  The  urethra  passes 
between  the  lateral  segments  of  the  diaphragm  about  one  inch  beneath 
the  symphysis,  and  still  more  posteriorly  the  rectum  (the  vagina  and 
rectum  in  the  female),  its  external  orifice  being  surrounded  in  elliptical 
fashion  by  the  fibres  of  the  external  sphincter  muscle.  The  lower  or 
perineal  aspect  of  the  levator  ani  is  clothed  by  a  thin  membrane,  the 
anal  fascia,  and  the  adjoining  aspect  of  the  pelvic  wall  is  clothed  by  the 
obturator  or  parietal  layer  of  the  pelvic  fascia. 

The  perineal  region  possesses  a  large  amount  of  interest  for  the 
surgeon  in  consequence  of  the  relationship  which  it  bears  to  the  deeper 
stages  of  the  urethra,  the  prostate,  bladder,  seminal  vesicles,  and  the 
rectum.  It  is  arbitrarily  subdivided  into  two  triangular  areas  by  an 
imaginary  line  passing  transversely  a  little  in  front  of  the  ischial  tuber- 
osities,  and  the  mid-point  of  which  lies  about  one  inch  in  front  of  the 
anal  orifice.  The  area  in  front  of  this  line  is  known  as  the  urogenital, 
that  behind  it  as  the  rectal  triangle. 
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The  Rectal  Triangle. — The  anal  orifice  forms  a  central  landmark  within  this  area.  On. 
each  side  of  it  is  the  deep  recess  known  as  the  ischio-rectal  fossa,  which  is  bounded  internally  by 
the  levator  ani  and  the  external  sphincter,  externally  by  the  obturator  fascia,  which  invests  the 
inner  or  pelvic  aspect  of  the  obturator  internus  muscle.  Each  fossa  is  occupied  for  the  most  part  by 
a  deep  wedge-like  prolongation  of  the  subcutaneous  fatty  tissue,  and  is  traversed  by  certain  blood- 
vessels and  nerves,  the  more  important  of  which  are  the  inferior  hsemorrhoidal ;  these  pierce  the 
obturator  fascia  near  the  posterior  part  of  the  space,  and  are  directed  downwards  and  inwards 
towards  the  anus  (fig.  138).  Other  structures  found  within  the  space  are  the  perineal  branch  of 
the  fourth  sacral  nerve  which  becomes  superficial  beside  the  tip  of  the  coccyx,  some  minute 
branches  of  the  small  sciatic  nerve  and  of  the  sciatic  artery  which  curve  around  the  lower  border 
of  the  gluteus  maximus.  Near  its  anterior  part  the  superficial  perineal  vessels  and  nerves  enter 
the  space,  but  leave  it  again  almost  immediately  by  piercing  the  triangular  ligament  and  entering 
the  urogenital  triangle. 

The  main  part  of  the  ischio-rectal  fossa  is  that  which  intervenes  between  the  tuberosity  of  the 
ischium  and  the  anus,  limited  in  front  by  the  transversus  perinei  muscle  and  by  the  base  of  the 
triangular  ligament,  behind  by  the  margin  of  the  gluteus  maximus  muscle.  At  its  lower  or 
cutaneous  aspect  the  space  is  widest,  but  it  gradually  narrows  from  side  to  side  as  it  is  followed 
upwards,  and  eventually  is  completely  closed  by  the  attachment  of  the  pelvic  diaphragm  to  the 
lateral  pelvic  wall  (fig.  136).  In  addition  to  this,  the  main  part  of  the  fossa,  there  are  two 
extensions  deserving  of  notice,  one  behind  and  one  in  front.  The  posterior  extension  is  situated 
at  the  side  of  the  coccyx,  beneath  the  gluteus  maximus  and  the  great  sacro-sciatic  ligament,  its 
highest  point  reaching  up  to  the  level  of  the  ischial  spine  and  the  coccygeus  muscle  (fig.  138). 
The  anterior  extension,  or  the  pubic  recess  of  the  ischio-rectal  fossa  (Waldeyer),  is  directed  from 
the  deep  part  of  the  space  forwards  beneath  the  transversus  perinei  muscle  and  the  structures 
contained  within  the  urogenital  triangle  ;  it  is  in  reality  a  mere  slit-like  interval  between  the 
obturator  internus  and  levator  ani  muscles  and  contains  a  small  amount  of  loose  connective  tissue 
(fig.  146). 

Owing  to  the  continuity  of  the  subcutaneous  tissue  throughout  the  rectal  triangle,  the  two 
ischio-rectal  fossae  communicate  freely  behind  the  anus.  A  good  view  of  both  fossse  is  obtained 
in  fig.  138,  from  which  it  will  be  seen  that  they  are  for  the  most  part  directed  backwards. 

The  Urogenital  Triangle. — The  boundaries  of  this  space  have  already  been  defined.  Its 
contents  consist  of  all  those  structures  which  intervene  between  the  anterior  segment  of  the  pelvic 
diaphragm  above  and  the  integument  which  overlies  the  triangle  below.  The  space  itself  is  sub- 
divided into  two  compartments  by  a  definite  membranous  partition — the  triangular  ligament — 
which,  after  the  manner  of  a  diaphragm,  extends  across  the  pubic  arch  from  one  side  to  the  other, 
somewhat  in  the  same  way  that  the  mylo-hyoid  muscles,  which  are  attached  to  the  posterior 
or  concave  aspect  of  the  lower  jaw,  separate  the  floor  of  the  mouth  from  the  submaxillary 
space. 

The  Superficial  Compartment  of  the  Urogenital  Triangle. — The  description  of  this 
space  readily  falls  under  three  headings — (1)  its  coverings,  (2)  its  contents,  and  (3)  its  floor. 

1 I )  The  coverings  of  the  space  consist  of  the  integument  and  the  superficial  fascia,  the  latter 
of  which  possesses  certain  important  anatomical  relationships.     It  is  composed  of  two  distinct 
layers,  a  superficial  and  a  deep.     The  former  is  continuous  with  the  surrounding  subcutaneous 
tissue  which  invests  the  thighs,  scrotum,  penis,  and  anterior  abdominal  wall ;  it  does  not  possess 
much  fatty  tissue  as  a  rule,  except  at  its  peripheral  part,  but  contains  some  smooth  muscle  fibres 
which  are  continuous  in  front  with  the  dartos  tissue  of  the  scrotum.     The  deeper  layer  of  the 
superficial  fascia,  or   the  fascia  of  Colles,  is  for  the  most  part  membranous  in  character.     It  is 
attached  on  each  side  to  the  periosteum  of  the  pubic  arch  ;  behind,  it  curves  beneath  the  trans- 
versus perinei  muscles  and  fuses  with  the  base  of  the  triangular  ligament ;    in  front,  it  passes 
continuously  over  the  scrotum  and  penis  and  along  the  spermatic  cords  to  the  anterior  abdominal 
wall,  where  it  is  directly  continuous  with  the   deeper  layer  of  the  superficial  fascia  (Scarpa's 
fascia],  a  description  of  which  will  be  found  on  p.  385.     This  superficial  compartment  is  incom- 
pletely subdivided  into  two  by  a  median  septum  which  extends  from  the  deep  aspect  of  Colics' 
fascia  to  the  superficial  aspect  of  the  accelerator  urinae  muscle.     From  the  account  just  given  it 
is  evident  that  the  natural  outlet  of  the  compartment  is  in  front,  and  that  it  is  securely  closed 
both  laterally  and  behind. 

(2)  The  contents  of  this  compartment  consist  mainly  of  the  root  of  the  penis.     This  includes 
the  bulb  of  the  corpus  spongiosum  which  is  situated  in  the  middle  line  and  covered  by  the 
accelerator  urinse  muscle,  together  with  the  crura  of  the  corpora  cavernosa,  each  of  which  is 
covered  by  the  erector  penis  muscle  and  is  attached   to   the   inner  aspect   of  the   pubic   and 
ischial  rami.     The  two  crura  and  the  corpus  spongiosum  converge  and  meet  beneath  the  pubic 
arch,  forming  the  body  of  the  penis.     At  the  posterior  part  of  the  space  the  transversus  perinei 
muscles  pass  inwards  and  slightly  forwards  from  their  pelvic  origin  and  obtain  insertion  into 
the  '  central  point  of  the  perineum,'  midway  between  the  bulb  and  the  anus.    Taken  in  conjunction 
with  the  root  of  the  penis,  they  help  to  bound  a  small  triangular  area  on   each  side   of  the 
middle  line,  the  boundaries  of  which  are  ;  internally,  the  bulb ;  externally,  the  eras,  and  behind, 
the  transversus  perinei  muscle.     The  triangular  ligament  which  extends  across  the  space  forms 
the  deep  boundary  or  floor  of  these  triangular  areas  and   of  the  entire  compartment.     Each 
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triangle  is  traversed  by  certain  vessels  and  nerves,  viz.,  the  anterior  and  posterior  superficial 
perineal  nerves  (internal  pudic},  the  long  pudendal  nerve  (small  sciatic),  and  the  superficial 
perineal  vessels  (internal  pudic).  They  are  directed  through  the  space  from  behind  forwards, 
;and  with  the  exception  of  the  long  pudendal  nerve  they  all  enter  it  by  piercing  the  base  of 
the  triangular  ligament  ;  this  latter  nerve  pierces  Colles's  fascia  near  its  outer  or  bony  attachment. 
The  transverse  perineal  artery  also  pierces  the  triangular  ligament,  and  as  it  passes  inwards 
towards  the  middle  line  it  maintains  a  close  association  with  the  transversus  perinei  muscle.  All 
the  structures  contained  within  this  superficial  perineal  compartment  are  surrounded  by  loose 
•connective  tissue  which  is  almost  devoid  of  fat. 

(3)  The  floor  of  the  compartment  is  formed  by  the  triangular  ligament.  This  is  a  stout 
aponeurotic  membrane  tightly  stretched  across  the  pubic  arch.  In  front  it  presents  a  slight  defici- 
ency beneath  the  subpubic  angle  ;  its  free  border  here  is  somewhat  thickened  and  has  received 
the  name  of  the  transverse  perineal  ligament.  The  dorsal  vein  of  the  penis,  together  with  the 
•dorsal  arteries  and  the  dorsal  nerves,  pass  between  it  and  the  subpubic  ligament.  Posteriorly 
the  triangular  ligament  is  continuous  with  Colles's  fascia  as  above  described,  and  sends  a  pointed 
process  backwards  in  the  middle  line  to  gain  attachment  to  the  central  point  of  the  perineum. 
On  its  deep  aspect  the  base  of  the  triangular  ligament  is  connected  with  another  membranous 
layer,  viz.,  the  'posterior  layer  of  the  triangular  ligament.'  This  latter,  however,  is  really  an 
extension  from  the  parietal  pelvic  fascia  which,  from  within  the  pelvis,  curves  outwards  around 
the  anterior  margins  of  the  levatores  ani  muscles,  and  obtains  attachment  to  the  pubic  arch  on 
each  side  behind  the  compressor  urethrse  muscles  which  occupy  the  deep  compartment  of  the 
urogenital  triangle. 

The  triangular  ligament  is  traversed  by  the  following  structures  :  the  urethra,  the  artery 
to  the  bulb,  the  superficial  perineal  vessels  and  nerves  and  the  artery  to  the  corpus  cavernosum. 

The  urethra  pierces  the  ligament  in  the  middle  line  near  its  posterior  part  and  sinks 
immediately  into  the  bulb. 

The  artery  to  the  bulb  pierces  the  ligament  close  beside  the  urethra  and  enters  the  deep 
aspect  of  the  bulb. 

The  artery  to  the  corpus  cavernosum  pierces  the  ligament  just  inside  the  pubic  ramus  and 
near  the  subpubic  angle  ;  it  immediately  sinks  into  the  corpus  cavernosum. 

The  dorsal  artery,  vein,  and  nerve  do  not  as  a  rule  pierce  the  ligament,  but  pass  forwards 
from  the  deep  to  the  superficial  compartment  between  the  transverse  perineal  and  subpubic 
ligaments. 

The  Deep  Compartment  of  the  Urogenital  Triangle.  —  This  compartment  is  frequently 
referred  to  as  the  space  between  the  two  layers  of  the  triangular  ligament.  It  contains  the 
following  structures  :  the  membranous  stage  of  the  urethra  and  the  dorsal  vein  of  the  penis,  and 
on  each  side  of  these  the  compressor  urethrse  muscle,  the  artery  to  the  bulb,  the  internal  pudic 
artery  dividing  into  its  terminal  branches  —  the  dorsal  artery  of  the  penis  and  the  artery  to  the 
corpus  cavernosum  —  Cowper's  gland  and  the  dorsal  nerve  of  the  penis.  This  compartment  is 
related  on  its  deep  aspect  to  the  pubic  recess  of  the  ischio-rectal  fossa,  i.e.  the  slit-like  space 
on  each  side  between  the  levator  ani  (pelvic  diaphragm)  and  the  obturator  internus  muscle 
<fig.  146). 

From  the  foregoing  account  the  reader  will  be  in  a  position  to  understand  not  only  the 
number  but  also  the  exact  nature  of  the  various  strata  traversed  in  passing  through  the  uro- 
genital triangle  in  the  direction  of  the  pelvic  cavity.  The  following  list,  in  which  they  are 
tabulated,  sums  up  the  foregoing  description. 

(  The  Skin. 
The   Superficial   Compartment  of  the)  The  Subcutaneous  Tissue,   which  consists  of  two 

Urogenital  Triangle    .....  j         layers. 

V  The  Triangular  Ligament. 


Li8amen, 

(pelvic  fascia). 

ISChi°;reCtal  j  Some  loose  connective  tissue. 

The  Pelvic  Diaphragm  .  -[  ™e  £e.v»tol  Ani- 

\  The  Pelvic  Fascia. 

The  Pelvic  Cavity. 

The  fatty  tissue  within  the  ischio-rectal  fossae  exists  in  the  form 
of  two  soft  pliable  pads,  one  on  each  side  of  the  lower  extremity  of  the 
rectum.  Owing  to  their  yielding  character  these  readily  permit  of  the 
dilatation  of  the  bowel  in  defalcation,  and  during  the  descent  of  the  foetus 
through  the  vagina,  when  the  ischio-rectal  fossae  are  to  a  large  extent 
obliterated,  they  are  pressed  aside,  and  prevent  the  distended  parts  being 
injuriously  compressed  by  the  bones  of  the  pelvic  outlet. 
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The  lower  border  of  each  gluteus  maximus  muscle  overlies  the 
corresponding  ischio-rectal  pad  of  fat,  and  it  seems  extremely  probable 
that  these  muscles  by  their  contraction  exercise  a  considerable  degree 
of  elastic  pressure  indirectly  upon  the  levatores  ani  through  the  inter- 
vention of  these  pads,  and  therefore  upon  the  anal  canal ;  consequently, 
they  may  be  regarded  to  some  extent  as  accessory  sphincteric  muscles. 

Ischio-rectal  abscess. — The  applied  anatomy  of  the  ischio-rectal 
fossae,  in  so  far  as  it  is  concerned  with  abscess  collections  in  this  locality, 
has  been  fully  considered  in  the  section  dealing  with  the  rectum  (p.  527), 
and  does  not  require  further  mention. 

Extravasation  of  urine  into  the  perineum  results  in  the  majority  of 
cases  either  from  traumatic  rupture  of  the  urethra,  or  from  the  giving 
way  of  the  wall  of  the  canal  behind  a  stricture.  The  extravasation 
invariably  makes  its  appearance  first  within  the  superficial  compartment 
of  the  urethral  or  urogenital  triangle,  the  boundaries  and  extent  of  which 
are  fully  described  above.  It  has  been  shown  that  this  compartment  is 
closed  on  all  sides  except  in  front,  and  consequently  it  is  in  this  direction 
that  the  extravasation  advances.  The  urine  mingled  with  inflammatory 
fluids  makes  its  way  over  the  scrotum  and  penis  to  the  anterior  abdom- 
inal wall.  Should  it  still  continue  to  extend  it  is  prevented  travelling 
downwards  over  the  front  of  the  thigh  by  the  attachment  of  Scarpa's 
fascia  to  Poupart's  ligament  and  to  the  fascia  lata,  and  accordingly  it  has 
no  alternative  but  to  mount  upwards  in  the  direction  of  the  umbilicus, 
exciting  an  acute  gangrenous  cellulitis  of  the  tissues  with  which  it  comes 
into  contact 

Perinea!  Lithotomy  was  extensively  practised  in  'former  years,  but 
not  nearly  to  the  same  extent  in  recent  times  owing  to  the  improved 
technique  and  the  admirable  results  obtained  by  crushing  calculi  within 
the  bladder  by  means  of  the  lithotrite,  and  removing  the  fragments 
immediately  afterwards  through  large  evacuating  catheters  (litholopaxy). 
The  two  principal  forms  of  perineal  lithotomy  are  the  lateral  and  the 
median,  and  as  both  serve  to  illustrate  the  applied  anatomy  of 
the  perineum  in  its  more  important  details,  they  demand  careful 
study. 

Lateral  Lithotomy. — The  perineum  is  fully  exposed  by  flexing  and 
abducting  the  thighs,  both  knees  being  also  flexed  to  the  full,  and  the 
limbs  are  retained  in  this  so-called  '  lithotomy  position '  by  a  special 
form  of  apparatus.  A  grooved  staff  is  introduced  into  the  bladder  and 
the  calculus  recognised  by  the  characteristic  click  which  it  gives  when 
struck.  Throughout  the  earlier  portion  of  the  operation  the  handle  of 
the  instrument  is  held  firmly  in  the  middle  line  by  an  assistant  with  the 
right  hand  and  hooked  up  beneath  the  pubic  arch.  With  the  left  hand 
the  scrotum  is  raised  and  the  perineum  exposed  to  the  full.  Care 
should  be  taken  that  the  rectum  is  thoroughly  emptied  and  flushed  out 
beforehand.  The  steps  of  the  operation  consist  briefly  in  incising  the 
perineum,  opening  the  urethra  in  its  membranous  stage,  and  continuing 
the  incision  through  the  prostate  obliquely  outwards  and  backwards 
until  the  bladder  is  reached.  Before  commencing  the  operation  the  left 
index  finger  introduced  into  the  rectum  feels  the  apex  of  the  prostate 
and  gauges  its  depth  from  the  surface.  The  tuberosity  and  ramus  of  the 
ischium  are  also  carefully  made  out  upon  the  left  side. 
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The  Operation. — The  point  of  the  scalpel  enters  the  skin  slightly  to  the 
left  of  the  middle  line,  about  one  and  a  quarter  inches  in  front  of  the 
anus,  and  from  this  the  incision  is  directed  downwards  and  outwards  to  a 
point  about  one  inch  beyond  the  level  of  the  anus.  The  length  of  the 
incision  is  about  three  inches,  and  its  mid-point  lies  somewhat  nearer  to 
the  tuber  ischii  than  to  the  anus.  It  is  gradually  increased  in  depth  in 
the  direction  of  the  base  of  the  urogenital  triangle,  and  in  the  interval 
between  the  accelerator  urinae  and  erector  penis  muscles,  the  transversus 
perinei  muscle,  blood-vessels  and  nerve  being  simultaneously  divided, 
together  with  the  base  of  the  triangular  ligament  and  some  branches 
of  the  inferior  haemorrhoidal  vessels  and  nerve.  The  left  index  finger 
is  now  thrust  upwards  into  the  wound  from  the  lower  angle  of  the 
incision  beneath  the  bulb,  and  feels  for  the  staff  as  it  lies  in  the  mem- 
branous urethra.  The  finger-nail  being  fixed  in  the  groove  of  the  staff, 
the  blade  of  the  knife  is  lateralised  somewhat  and  made  to  enter  the 
membranous  urethra  and  the  groove,  along  which  it  is  pushed  towards 
the  bladder  through  the  substance  of  the  prostate.  The  parts  cut  in 
this  stage  of  the  operation  are  the  compressor  urethrae  muscle,  the 
membranous  urethra,  the  posterior  layer  of  the  triangular  ligament,  some 
of  the  anterior  fibres  of  the  levator  ani  muscle  (pubo-rectalis),  the  capsule 
of  the  prostate,  and  the  prostate  itself.  The  left  index  finger  is  next 
passed  along  the  concavity  of  the  staff  into  the  bladder,  dilating  the  open- 
ing, and  feels  for  the  calculus.  The  staff  is  withdrawn  and  the  blades 
of  the  lithotomy  forceps  having  been  passed  along  the  finger  into  the 
bladder,  the  stone  is  grasped  and  removed. 

The  principal  accidents  and  complications  which  are  likely 
to  occur  in  the  course  of  the  operation  are  the  following: — 
(i)  Haemorrhage  from  division  of  the  superficial  and  transverse  perineal 
vessels.  It  is  controlled,  however,  without  difficulty,  as  the  bleeding 
points,  from  their  superficial  position,  are  easily  secured.  (2)  The 
rectum  is  liable  to  be  wounded  in  the  lower  or  posterior  part  of  the 
incision.  This  accident  should  be  carefully  guarded  against,  as  it 
would  probably  be  followed  by  a  troublesome  fistula  (recto-urethral). 

(3)  Wound  of  the  bulb  will  be  followed  by  considerable  haemorrhage,  but 
it  ceases  quickly  as  a  rule  on  the  application  of  firm  pressure.     It  is  most 
readily  avoided  by  directing  the  point  of  the  knife  from  below  upwards 
beneath  the  posterior  edge  of  the  triangular  ligament.     It  is  less  likely 
to  happen  with  young   adults   than  with  those  of  advanced   years   in 
whom   the  bulb   is   more  voluminous   and  projects   further  backwards. 

(4)  Wound  of  the  artery  to  the  bulb  may  give  trouble  in  consequence 
of  the  deep  position  of  this  vessel,  the  retraction  of  its  divided  ends,  and 
the  difficulty  which  attends  its  ligature.     The  artery  is  best  avoided  by 
not  cutting  too  deeply  in  the  anterior  part  of  the  wound.     Should  the 
vessel  take  origin  from  the  internal  pudic  further  back  than  usual,  it  can 
hardly  escape  division.     Normally  it  arises  a  little  in  front  of  the  base  of 
the  urogenital  triangle,  and  runs  inwards  between  the  two  layers  of  the 
triangular  ligament.    (5)  Wound  of  the  internal  pudic  artery  need  only  be 
mentioned.     It  is  almost  inconceivable  that  it  could  happen  if  ordinary 
care  be  taken ;  it  might  possibly  be  encountered  if  the  incision  were 
carried  too  far  outwards.     (6)  Wound  of  the  prostatic  venous  plexus  is 
serious  not  only  in  consequence  of  the  haemorrhage  which  follows,  but 
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also  on  account  of  the  possibility  of  septic  thrombosis  developing  in  these 
vessels  and  giving  rise  to  septicaemia  or  pyaemia.  The  veins  of  this  plexus 
usually  assume  large  proportions  in  elderly  subjects.  (7)  Laceration  or 
tearing  across  of  the  membranous  urethra  followed  by  backward  dis- 
placement of  the  bladder  before  the  ringer  and  free  opening  up  of  the 
recto-vesical  space.  This  accident  is  most  likely  to  occur  in  young 
subjects  in  whom  the  prostate  is  as  yet  in  an  undeveloped  state  and 
whose  tissues  are  very  friable.  (8)  Too  free  division  of  the  prostate 
and  neck  of  the  bladder  including  the  pelvic  fascia,  which  forms  the 
prostatic  capsule,  is  particularly  to  be  avoided,  owing  to  the  risk  it 
would  entail  of  urine  infiltrating  the  pelvic  cellular  tissues  and  setting 
up  a  diffuse  cellulitis,  followed  perhaps  by  peritonitis.  This  is  the 
most  grave  complication  likely  to  supervene  in  the  course  of  lateral 
lithotomy. 

Median  Lithotomy. — The  preliminaries  are  the  same  as  in  the  last 
operation.  The  staff  is  grooved  along  its  convexity  and  held  well  up 
against  the  pubic  arch  so  as  to  diminish  the  risk  of  wounding  the  rectum. 
A  median  incision  about  one  and  a  quarter  inches  in  length  is  made  in 
front  of  the  anus  through  the  skin,  subcutaneous  tissue,  anterior  fibres  of 
the  external  sphincter,  the  central  point  of  the  perineum  and  the  pos- 
terior border  of  the  triangular  ligament.  The  left  index  finger  feels  for 
the  groove  of  the  staff  and  acts  as  a  guide  while  the  point  of  the  knife  is 
made  to  traverse  the  compressor  urethras  muscle  and  the  wall  of  the 
urethra  immediately  in  front  of  the  apex  of  the  prostate.  The  latter  is 
finally  divided  by  extending  the  incision  along  the  staff  for  about  half 
an  inch.  The  left  index  finger  is  introduced  into  the^bladder  and  dilates 
the  opening.  The  risk  of  wounding  the  bulb  and  the  rectum  is  greater 
than  in  the  lateral  operation.  The  median  incision,  however,  gives  but 
little  room,  and  is  only  suited  for  the  extraction  of  small  calculi. 
Haemorrhage  is  less  than  in  the  lateral  operation  and  there  is  not  the 
same  risk  of  intrapelvic  cellulitis.  Too  free  division  of  the  floor  or 
posterior  wall  of  the  prostatic  urethra  will  endanger  the  common 
ejaculatory  ducts. 

THE    PENIS   AND    URETHRA. 

The  penis  consists  of  a  posterior  attached  part  or  root,  and  of  an  anterior  part  which  is  free 
in  the  greater  part  of  its  extent  and  is  known  as  the  body  of  the  organ. 

The  Root  of  the  Penis. — The  parts  which  constitute  the  root  of  the  penis  have  been 
noticed  already  with  the  contents  of  the  superficial  compartment  of  the  urogenital  triangle  ;  they 
are  the  bulb  of  the  corpus  spongiosum  which  is  situated  in  the  middle  line  in  front  of  the  tri- 
angular ligament,  and  the  two  crura  of  the  corpora  cavernosa  which  are  attached  to  the  pubic 
and  ischial  rami.  These  three  parts  meet  beneath  the  pubic  arch  and  fuse  with  each  other, 
forming  the  body  of  the  penis.  They  consist  for  the  most  part  of  erectile  tissue  and  each  is  sur- 
rounded by  an  envelope  of  dense  connective  tissue  which  is  particularly  strong  in  the  case  of  the 
crura. 

The  Body  of  the  Penis  at  its  commencement  is  situated  at  the  apex  of  the  urogenital  tri- 
angle beneath  the  subpubic  angle  and  is  firmly  connected  to  it  by  stout  connective  tissue  bands 
which  diverge  somewhat  as  they  approach  the  dorsal  aspect  of  the  penis,  leaving  spaces  for  the 
passage  of  the -dorsal  vessels  and  nerves.  A  second  suspensory  apparatus  is  connected  with  the 
penis  in  front  of  the  symphysis  ;  it  is  derived  from  that  portion  of  the  superficial  fascia  which 
overlies  the  symphysis  pubis  and  the  lower  part  of  the  anterior  abdominal  wall,  and  contains  a 
large  proportion  of  yellow  elastic  tissue.  On  reaching  the  dorsal  aspect  of  the  penis  it  divides 
into  two  portions  which  sweep  around  the  corpora  cavernosa  and  reach  the  scrotum  ;  the  dorsal 
vessels  and  nerves  also  pass  beneath  this  ligament 
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In  front  of  the  pubis  the  body  of  the  penis  is  quite  free  and  possesses  a  cutaneous  envelope. 
Its  constituent  parts  and  their  relative  arrangement  with  regard  to  each  other  are  clearly  shown 
by  means  of  a  transverse  section  (fig.  119).  The  skin  is  very  thin  and  delicate,  and  possesses  a 
free  range  of  mobility.  The  subcutaneous  tissue  is  very  loose  in  texture,  is  devoid  of  fat,  and  is 
traversed  by  the  superficial  dorsal  vein  ;  it  also  contains  some  smooth  muscular  tissue  derived 
from  the  dartos  (see  Scrotum).  Beneath  this  layer  the  organ  is  enveloped  by  a  thin  fibrous  mem- 
brane, the  fascia  penis,  which  extends  in  front  to  the  free  margin  of  the  prepuce,  and  is  con- 
tinued backwards  over  the  scrotum  into  the  perineum  where  it  fuses  with  the  fascia  of  Colles. 
Beneath  this  fascia  are  found  the  dorsal  blood-vessels  and  nerves.  The  two  corpora  cavernosa 
lie  side  by  side,  surrounded  by  a  dense  fibrous  envelope,  the  tunica  albuginea,  but  are  imperfectly 
separated  from  each  other  by  a  median  partition,  the  septum  pectiniforme.  In  the  central  part  of 
«ach,  and  close  up  to  the  septum,  will  be  seen  the  divided  artery  to  the  corpus  cavernosum.  The 
corpus  spongiosum,  which  is  tunnelled  by  the  urethra,  lies  in  a  deep  groove  (sulcus  urethralis} 
on  the  deep  aspect  of  the  corpora  cavernosa.  In  front,  however,  this  relationship  undergoes  a 
striking  alteration.  The  corpus  spongiosum  suddenly  becomes  expanded,  and  from  the  lower 
aspect  of  the  penis  it  rises  up  and  spreads  out  as  a  cap  over  the  anterior  blunt  extremities  of  the 
corpora  cavernosa,  forming  the  glans  penis.  Its  anterior  extremity  is  marked  by  a  vertical 
fissure,  the  meatus  externus  of  the  urethra. 

The  Prepuce  forms  a  pocket  within  which  the  glans  and  the  neck  of  the  penis  are  con- 
tained ;  it  may,  however,  only  partially  cover  the  glans.  It  is  formed  by  a  reduplication  of  the 
skin,  which,  commencing  in  front  in  a  ring-like  aperture,  the  annulus  praputialis,  travels  back- 
wards to  the  corpora  cavernosa  behind  the  corona  glandis,  and  is  again  reflected  forwards  over 
the  neck  of  the  penis  and  the  glans,  and  becomes  continuous  with  the  mucous  membrane  of  the 
urethra  at  the  level  of  the  meatus  externus.  The  deep  groove  situated  immediately  behind  the 
glans  is  known  as  the  retroglandtdar  sulcus. 

On  the  under  aspect  of  the  glans  a  well  marked  fold  called  the  frsenum  passes  forwards  and 
is  attached  to  the  prepuce.  The  retroglandular  sulcus  terminates  on  each  side  of  the  fraenum  in 
a  shallow  depression  to  which  the  term  fossa  frcemili  has  been  applied  (Waldeyer). 

THE  URETHRA. — The  male  urethra  is  a  mucous-lined  passage  about  eight  inches  in 
length,  which  commences  at  the  meatus  internus  at  the  floor  of  the  bladder  and  terminates  at 
the  distal  extremity  of  the  corpus  spongiosum  or  glans  penis  in  the  meatus  externus  which  has 
the  appearance  of  a  vertical  slit.  With  the  exception  of  its  first  half  inch  it  serves  as  a  con- 
ducting passage  for  both  the  renal  and  testicular  secretions  ;  it  also  transmits  the  secretion  of 
the  prostatic  and  Cowper's  glands. 

At  first  the  urethra  is  contained  within  the  pelvis  and  traverses  the  prostate.  It  leaves  the 
pelvis  in  the  middle  line  between  the  levatores  ani  muscles  by  passing  through  the  deep  layer  of 
the  triangular  ligament  and  enters  the  perineum.  In  this  part  of  its  course  it  describes  a  well 
marked  curve  beneath  the  pubic  arch  (subpubic  curve).  Having  reached  a  point  in  front  of 
the  symphysis  pubis  it  suddenly  bends  downwards — in  the  relaxed  state — forming  a  second  or 
prepubic  curve,  and  is  continued  as  the  penile  urethra  to  its  termination ;  its  general  direction 
therefore  describes  a  double  curve  resembling  the  letter  S  (fig.  137).  The  intrapelvic  and  perineal 
stages  are  both  firmly  fixed  by  the  structures  between  which  they  pass,  but  the  penile  stage  is 
freely  movable.  For  descriptive  purposes  it  is  customary  to  divide  the  urethra  into  three  stages, 
which  are  termed  respectively  prostatic,  muscular  or  membranous,  and  spongy. 

The  Prostatic  Urethra  extends  from  the  floor  of  the  bladder  to  the  apex  of  the  prostate  ; 
its  length  is  about  one  and  a  quarter  inches,  and  its  general  direction  almost  vertical.  At  its 
commencement  it  lies  behind  the  symphysis  pubis  and  opposite  its  centre  ;  it  may,  however,  be 
situated  somewhat  higher  or  lower  than  this  point.  At  its  termination  it  lies  about  one  inch  below 
and  behind  the  subpubic  angle.  Its  outline  is  spindle-shaped,  as  it  is  somewhat  wider  at  its  centre 
than  at  either  extremity.  It  is  the  widest  segment  of  the  urethra  and  is  capable  of  undergoing 
considerable  dilatation.  A  distinct  ridge  or  crest  which  projects  into  it  from  its  posterior  wall  is 
known  as  the  verumontanum.  On  the  summit  of  the  ridge  is  an  opening  leading  upwards  and  back- 
wards for  about  a  quarter  or  half  an  inch  into  a  membranous  cul-de-sac  called  the  prostatic  utricle 
or  sinus  pocularis — the  homologue  of  the  uterus  and  vagina  in  the  female.  Upon  each  side  of  this 
opening  will  be 'found  the  minute  orifice  of  the  common  ejaculatory  duct.  When  traced  towards 
the  bladder  the  verumontanum  gradually  tapers  and  is  continued  into  the  uvula  vesicce  (see  floor 
of  bladder,  p.  543).  In  a  distal  direction  the  verumontanum  fades  away  gradually  and  dis- 
appears at  the  level  of  the  membranous  urethra,  forming  the  erista  urethralis.  On  each  side 
of  the  verumontanum  is  a  well  defined  groove,  the  prostatic  sinus,  into  which  open  the  larger 
ducts  leading  from  the  prostatic  glands. 

The  Membranous  or  Muscular  Stage  is  the  shortest  subdivision  of  the  urethra  and 
measures  about  half  an  inch.  It  lies  within  the  deep  compartment  of  the  urogenital  triangle, 
i.e.  between  the  two  layers  of  the  triangular  ligament ;  it  is  surrounded  in  sphincteric  fashion 
by  the  fibres  of  the  compressor  urethrae  muscle,  and  is  very  firmly  fixed.  It  is  about  one  inch 
distant  from  the  subpubic  ligament,  the  dorsal  vessels,  and  nerves  of  the  penis,  together  with 
some  loose  connective  tissue  occupying  the  intervening  interval  (fig.  137).  This  stage  of  the 
urethra  also  is  situated  at  the  apex  of  the  triangular  space  which  separates  the  anus  from  the 
bulb  ;  the  latter,  however,  encroaches  upon  it  sometimes  and  projects  backwards  so  as  to  over- 
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lap  to  some  extent  this  portion  of  the  urethra.  The  lumen  of  the  passage  is  comparatively  narrow 
at  this  level. 

The  Spongy  Stage,  by  far  the  longest,  extends  from  the  lower  or  superficial  aspect  of  the 
triangular  ligament  to  the  meatus  externus.  Almost  immediately  after  having  pierced  the  tri- 
angular ligament  the  urethra  enters  the  bulb,  about  half  an  inch  in  front  of  its  posterior  rounded 
extremity,  and  as  it  traverses  it,  it  lies  nearer  its  dorsal  than  its  ventral  aspect.  The  bulbous 
portion  of  the  urethra  is  usually  capacious,  and  forms  the  lowest  or  most  dependent  part  of  the 
perineal  curve.  The  ducts  of  Cowper's  glands  open  on  its  lower  or  posterior  wall.  From  the 
bulb  onwards  the  lumen  of  the  urethra  is  fairly  uniform,  but  it  dilates  somewhat  in  the  region  of 
the  glans,  the  dilatation  being  known  as  the  fossa  navicularis,  and  is  situated  mainly  on  the 
dorsal  aspect  of  the  urethra.  Opening  off  it  there  is  sometimes  a  small  recess,  guarded  by  a 
fold  of  mucous  membrane,  which  has  been  termed  the  lacuna  magna.  The  meatus  externus 
is  the  narrowest  part  of  the  entire  canal. 

In  the  floor  of  the  spongy  stage  of  the  urethra  there  are  some  small  crypts  or  lacunae  which 
end  blindly.  Certain  mucous  glands  also  open  into  the  urethra,  and  the  orifices  of  their  ducts 
may  be  recognised  as  a  number  of  fine  punctiform  depressions. 

It  will  be  apparent  from  the  above  account  that  the  calibre  of  the  urethra  is  by  no  means 
uniform.  The  most  capacious  parts  are  the  fossa  navicularis,  the  prostatic  and  bulbar  regions. 
The  narrowest  parts  are  the  meatus  externus,  the  membranous  or  muscular  stage,  and  the  meatus 
internus. 

Catheterisation. — The  passing  of  a  catheter  along  a  normal  urethra 
is  usually  an  exceedingly  simple  procedure.  As  usually  practised,  the 
patient  is  in  the  recumbent  position  and  the  surgeon  stands  upon  the 
left  side.  The  catheter  held  in  the  right  hand  is  introduced  into  the 
urethra,  the  penis  meanwhile  being  drawn  upwards  over  the  anterior 
abdominal  wall  by  the  left  hand.  As  soon  as  the  point  of  the  instrument 
passes  beneath  the  pubic  arch,  the  penis  is  raised  and  the  stem  of  the 
catheter  simultaneously  depressed  between  the  thighs.  During  this 
manoeuvre  the  point  of  the  instrument  enters  the  membranous  urethra 
and  glides  from  this  along  the  prostatic  stage  into  the  bladder.  Simple 
as  this  procedure  undoubtedly  is,  a  certain  amount  of  difficulty  may  be 
encountered  through  hitching  of  the  point  of  the  instrument.  This  is 
most  likely  to  happen  in  the  fossa  navicularis,  which  is  situated  in  the 
region  of  the  glans,  but  it  can  readily  be  avoided  by  directing  the  instru- 
ment along  the  floor  of  the  urethra.  Another  point  where  obstruction  is 
sometimes  encountered  is  in  the  region  of  the  bulb.  This  may  be  ac- 
counted for  by  the  fact  that  this  part  of  the  urethra  is  fairly  capacious ; 
it  yields  readily  before  the  advancing  instrument,  especially  when  this 
presses  against  its  ventral  aspect,  and  immediately  behind  the  bulb  also 
the  passage  narrows  somewhat  as  it  traverses  the  triangular  ligament. 
It  is  in  this  bulbous  region,  too,  that  false  passages  are  most  commonly 
made.  A  good  practical  rule  to  be  observed  in  passing  an  instrument 
along  this  part  of  the  canal  is,  to  keep  the  point  in  close  contact  with 
the  roof  of  the  urethra ;  it  will  then  more  readily  find  its  way  into  the 
membranous  stage.  Once  this  level  has  been  reached,  there  is  usually 
no  difficulty  in  entering  the  bladder,  if  those  cases  be  excepted  in  which 
the  prostate  is  enlarged,  the  corresponding  segment  of  the  urethra  at  the 
same  time  undergoing  elongation  and  acquiring  a  very  much  accentuated 
antero-posterior  curve.  The  form  of  catheter  best  suited  to  such  cases 
has  been  described  in  the  section  dealing  with  enlarged  prostate 

(P-  552). 

Urethritis  is  due  in  the  great  majority  of  cases  to  the  specific  action 
of  the  micro-organism  known  as  the  gonococcus  which  sets  up  an  inflam- 
mation of  the  mucous  membrane  of  a  catarrhal  nature,  this  latter  being 
accompanied  by  a  free  purulent  discharge.  At  some  points  the  inflam- 
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mation  is  more  intense  in  character  than  at  others,  and  leads  to  very  pro- 
found alteration  of  the  mucous  membrane.  Its  epithelium  is  shed  and  a 
process  of  ulceration  supervenes.  A  common  sequela  of  these  annular 
ulcers  within  the  urethra  is  a  narrowing  of  its  lumen,  viz.,  fibrous 
stricture,  the  direct  result  of  cicatricial  changes  in  the  urethral  wall. 
Gonorrhceal  strictures  have  their  seat  very  commonly  in  the  bulbous 
portion  of  the  urethra,  in  front  of  the  triangular  ligament ;  occasionally 
they  are  situated  within  the  penile  urethra.  One  of  their  most  danger- 
ous consequences  is  extravasation  of  urine.  This  is  not  due,  however, 
as  a  rule,  to  direct  rupture  of  the  distended  urethra  behind  the  stricture, 
but  is  preceded  very  commonly  by  a  peri-urethral  abscess  in  the 
urogenital  triangle,  which  appears  at  first  as  a  hard  and  painful  swelling 
in  the  middle  line  of  the  perineum,  between  the  root  of  the  scrotum  and 
the  anus.  Rupture  of  such  an  abscess  into  the  urethra  will  permit  of 
its  cavity  becoming  subsequently  distended  with  urine  under  a  high 
degree  of  pressure,  sufficiently  great,  it  may  be,  to  cause  a  widespread 
extravasation.  These  extravasations  are  usually  confined  at  first  within 
the  superficial  compartment  of  the  urogenital  triangle,  and  unless  sub- 
mitted to  prompt  surgical  treatment,  have  a  tendency  to  advance 
rapidly  in  the  direction  of  the  scrotum,  for  reasons  already  given  (p.  389). 

Apart  from  urinary  extravasation,  a  peri-urethral  abscess  which 
discharges  into  the  urethra,  owing  to  imperfect  drainage  of  its  contents, 
is  very  apt  to  increase  in  extent,  eventually  reaching  the  skin  in  the 
perineum  and  opening  externally.  In  this  way  a  fistulous  track  is 
established  behind  the  stricture,  through  which  the  greater  part  of  the 
urine  is  voided.  In  some  cases  of  urethral  stricture  several  fistulous 
openings  are  found  in  the  perineum  ;  they  may  also  be  found  in  the 
scrotum,  or  even  in  front  of  this.  Their  tendency  to  persist  is  due  to  the 
obstruction  to  micturition  caused  by  the  stricture,  and  the  first  thing 
required  in  their  treatment  is  to  establish  a  free  exit  for  the  urine  by  the 
natural  route.  As  the  result  of  the  inflammation  which  attends  the 
development  of  these  fistulae  the  tissues  of  the  perineum  are  often  very 
much  swollen,  and  the  surrounding  skin  red  and  indurated. 

Inflammation  is  liable  to  spread  from  the  urethra  to  other  parts  with 
which  its  mucous  membrane  is  directly  continuous,  viz.,  Cowper's  glands, 
the  prostate,  seminal  vesicles,  vasa  deferentia,  testes,  and  the  bladder. 
Such  a  source  of  infection  has  been  alluded  to  in  the  sections  dealing 
with  these  parts. 

Injury  of  the  Urethra. — The  most  serious  form  of  injury  which  may 
happen  to  the  urethra  is  laceration  of  its  wall.  This  may  be  caused  in 
various  ways,  such  as  falling  astride  a  hard  and  fairly  sharp  body,  the 
edge  of  a  plank  for  example,  or  by  a  blow  or  kick  in  the  perineum.  The 
site  of  laceration  is  usually  the  bulbous  or  membranous  stage  of  the  tube. 
Not  infrequently  laceration  of  the  urethra  complicates  fracture  of  the 
anterior  arch  of  the  pelvis,  and  is  caused  either  by  a  sharp  fragment  of 
bone  or  by  the  forcible  separation  of  the  sides  of  the  pubic  arch  which 
succeeds  the  fracture  when  the  violence  is  of  an  extreme  kind  ;  the  injury 
to  the  urethra  is  all  the  more  likely  to  happen  considering  the  firm 
manner  in  which  it  is  fixed  in  its  perineal  stage  by  the  triangular  ligament 
and  by  the  compressor  urethrae  muscles.  Perforation  of  the  urethral 
wall,  otherwise  known  as  a  false  passage,  is  very  apt  to  result  from  care- 
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less  instrumentation.  In  all  cases  of  laceration  of  the  urethra  there  is 
great  danger  of  extravasation  of  blood  and  urine  into  the  surrounding' 
peri-urethral  tissues.  Should  it  be  impossible  to  pass  a  catheter  in  a 
suspected  case  of  this  injury,  the  proper  line  of  treatment  to  adopt  would 
be  to  pass  an  instrument — catheter  or  sound — down  to  the  site  of  the 
laceration,  and  cut  down  upon  it  from  the  perineum.  If  the  proximal 
part  of  the  urethra  can  be  identified,  a  catheter  is  passed  along  it  into 
the  bladder  and  retained  in  situ.  Should  it  be  impossible  to  find  the 
proximal  opening  the  perineal  wound  will  afford  good  drainage  and 
prevent  urinary  extravasation  ;  the  continuity  of  the  urethra,  too,  will  be 
established  as  the  process  of  cicatrisation  advances. 

Phimosis. — The  prepuce,  as  already  explained,  forms  a  pocket  within 
which  the  glans  and  the  neck  of  the  penis  are  contained.  In  its  normal 
state  the  orifice  of  the  prepuce  (annulus  prceputialis)  should  be  sufficiently 
large  to  allow  of  this  skin  fold  being  drawn  back  and  the  glans  uncovered. 
Occasionally  its  retraction  is  attended  with  difficulty,  or  it  may  be 
impossible,  the  resulting  condition  being  known  as  phimosis.  The 
essential  feature  of  these  cases  is  that  not  only  is  the  prepuce  excessively 
developed,  but  its  orifice  is  abnormally  small. 

A  congenital  phimosis  is  often  a  source  of  trouble  and  inconvenience. 
The  narrow  praeputial  orifice  obstructs  the  urinary  outflow,  and  each 
effort  of  micturition  is  accompanied  by  forcible  straining.  Sometimes 
the  redundant  prepuce  forms  a  sort  of  cul-de-sac,  into  which  the  urine  is 
voided,  and  subsequently  discharged  through  the  narrow  aperture.  In 
consequence  of  the  increased  effort  required  to  empty  the  bladder,  children 
with  congenital  phimosis  are  not  uncommonly  the  Subjects  of  inguinal 
hernia  and  rectal  prolapse.  Decomposing  urine  is  liable  to  set  up  in- 
flammation of  the  opposing  surfaces  of  the  prepuce  and  glans  (balano- 
posthitis),  and  this  may  be  succeeded  by  a  retrograde  infection  of  the 
bladder  (cystitis}.  Certain  phenomena  of  a  reflex  character  have  been 
attributed  to  the  irritation  which  accompanies  phimosis,  viz.,  incontinence 
of  urine  or  nocturnal  enuresis,  also  a  train  of  symptoms  referred  to  the  hip- 
joint  and  resembling  incipient  morbus  coxae.  Circumcision  is  indicated 
in  all  cases  in  which  an  obvious  phimosis  exists. 

Paraphimosis  is  that  condition  in  which  the  prepuce  having 
been  drawn  back  so  as  to  uncover  the  glans,  cannot  be  drawn  forwards 
again,  but  forms  a  circular  constricting  band  behind  the  corona  glandis, 
and  is  followed  by  a  varying  degree  of  cedema  of  the  organ.  It  is  the 
prepuce  mainly  which  is  affected  in  this  way,  owing  to  its  venous  cir- 
culation being  to  a  large  extent  obstructed  by  the  constricting  annulus 
praeputialis.  The  glans  may  not  exhibit  any  very  marked  increase  in 
size,  although  it  is  liable  to  become  considerably  swollen  when  the 
constriction  is  severe.  The  prepuce,  owing  to  the  laxity  of  its  tissues, 
swells  to  such  an  extent  as  to  form  an  cedematous  collar  surrounding 
the  neck  of  the  penis  behind  the  glans. 

Congenital  Defects  of  the  Penis  and  Urethra  are  not  very  common. 
The  variety  most  frequently  observed  is  that  in  which  the  urethra  is 
deficient  on  its  lower  or  ventral  aspect,  the  condition  being  known  as 
hypospadias.  A  much  rarer  deformity  is  that  in  which  there  is  an 
apparent  deficiency  in  the  wall  of  the  urethra  as  viewed  from  its  dorsal 
aspect ;  this  is  known  as  epispadias.  In  order  to  render  these  defects 
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intelligible,  it  will  be  necessary  to  allude  briefly  to  the  normal  mode  of 
development  of  the  urethra. 

Development  of  the  Penis  and  Urethra. — In  the  description  of  the  development  of  the 
rectum  it  was  stated  that  a  tubular  offshoot  springs  from  the  posterior  extremity  of  the  hindgut 
on  its  ventral  aspect,  forming  what  is  known  as  the  allantois.  The  closed  extremity  of  the 
hindgut  and  the  allantois  at  first  communicate  freely  with  each  other,  and  the  space  common 
to  both  is  called  the  cloaca.  By  the  growth  of  two  lateral  folds  which  gradually  meet  and  coalesce 
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FlG.  147.  —  Figures  illustrating  the  development  of  the  external  genital  organs  in  the 

two  sexes  (Toldt). 

from  before  backwards  down  to  the  level  of  the  cloacal  membrane  (fig.  141)  the  cloaca  is 
partitioned  off  into  two  cavities,  the  posterior  of  which  is  the  primitive  rectum,  and  the  anterior 
the  urogenital  canal.  The  upper  part  of  this  canal  receives  the  ureters  and  becomes  the  urinary 
bladder.  The  part  below  this  forms  the  deep  portion  of  the  urethra,  viz.,  its  prostatic  and 
membranous  stages,  and  receives  the  ducts  of  Wolff  and  Miiller.  The  lower  extremity  of  the 
urogenital  canal  in  the  early  fcetus  opens  externally  in  front  of  the  anus,  the  site  of  the  aperture 
forming  what  is  known  as  the  urogenital  sinus.  This  has  the  appearance  of  an  antero-posterior 
slit,  bounded  in  front  by  a  small  eminence,  the  genital  tubercle ,  viz.,  the  rudiment  of  the  penis 
or  clitoris,  and  at  the  sides  by  two  crescentic  ridges,  the  so-called  genital  folds.  It  is  limited 
behind  by  the  perineal  septum  which  separates  it  from  the  anal  orifice. 


566  APPLIED  ANATOMY 

The  spongy  portion  of  the  urethra  first  appears  as  a  groove  or  furrow  on  the  deep  aspect  ol 
the  genital  tubercle.  In  the  male  fetus  this  latter  undergoes  a  process  of  elongation,  as  the  result 
of  which  the  penis  is  developed.  The  corpora  cavernosa  and  the  corpus  spongiosum  are 
developed  from  the  mesoblastic  tissue  in  the  genital  tubercle.  The  corpora  cavernosa  lie  dorsally 
side  by  side,  and  are  soon  demarcated  from  each  other  by  a  median  septum.  The  corpus 
spongiosum,  however,  situated  beneath  these  is  grooved  deeply  on  its  ventral  aspect  and  is  in- 
vested by  a  well  defined  layer  of  epithelial  cells,  which  are  continuous  posteriorly  with  the 
epithelial  lining  of  the  urogenital  sinus.  In  the  course  of  development  the  lateral  margins  of  the 
corpus  spongiosum  curve  around  more  and  more  until  they  eventually  meet  and  fuse  in  the  middle 
line,  and  in  this  way  the  urethral  groove  is  converted  into  a  canal.  The  fusion  process  commences 
posteriorly  in  what  eventually  becomes  the  bulbous  urethra,  and  gradually  advances  forwards  to 
the  region  of  the  glans,  evidence  of  it  beiug  seen  throughout  life  in  the  median  raphe  on  the  under 
aspect  of  the  penis  and  scrotum.  From  the  foregoing  account  it  will  be  evident  that  the  deep  or 
membrano-prostatic  urethra  has  its  origin  in  connection  with  the  internal  generative  organs,  and 
that  the  spongy  portion  is  developed  in  connection  with  the  external  genital  organs. 

In  the  male  foetus  the  integumentary  genital  folds  which  bound  the  urogenital  sinus  fuse  and 
help  to  form  the  rudiments  of  the  scrotum.  In  the  female,  the  urogenital  sinus  remains  patent 
as  the  vulvar  cleft,  and  the  genital  folds  develop  into  the  labia  majora.  The  genital  tubercle 
becomes  the  clitoris,  and  to  a  large  extent  retains  its  primitive  state.  In  the  female  also  the 
urogenital  canal  receives  the  ducts  of  Miiller,  which  coalesce  to  form  the  uterus  and  vagina. 

Hypospadias. — This  form  of  congenital  defect  is  due  to  an  arrest  in 
the  normal  course  of  development  by  which  the  urethra,  from  being  a 
groove,  is  gradually  converted  into  a  canal.  The  degree  of  deformity 
varies  ;  it  may  involve  merely  that  part  of  the  urethra  which  traverses  the 
glans  or  the  entire  spongy  portion.  The  following  is  a  list  of  the 
principal  varieties  of  the  deformity,  (i)  Balanic  Hypospadias.  In  this 
variety  the  glans  segment  of  the  urethra  alone  is  affected.  (2)  Penile  Hyp. 
The  defect  in  this  instance  is  limited  to  that  part  of  the  urethra  which 
is  situated  between  the  glans  and  the  scrotum.  (3)  Peno-scrotal  Hyp. 
In  this  form  the  urethral  orifice  is  situated  in  the' angle  between  the 
penis  and  the  scrotum.  A  fold  of  skin  is  sometimes  observed  in  such 
cases  on  the  under  aspect  of  the  penis,  extending  from  beneath  the 
glans  backwards  to  the  scrotum,  giving  the  organ  a  webbed  appearance, 
and  causing  it  to  assume  a  downward  bend.  (4)  Perineo-scrotal  or 
Vulviform  Hyp.  In  this  variety  the  defect  attains  its  maximum  degree 
and  the  urethra  opens  in  the  perineum  behind  the  scrotum  (pseudo- 
hermaphroditisin).  The  appearances  presented  under  such  conditions 
resemble  to  some  extent  the  external  genital  organs  of  the  female. 
The  margins  of  the  genital  folds  have  failed  to  unite,  and  the  testes  are 
situated  at  the  sides  of  the  cleft,  not  having  completely  descended,  or 
possibly  in  a  state  of  ectopia,  and  the  penis  quite  rudimentary. 

Epispadias. — This  is  a  very  rare  deformity  and  one  difficult  of  ex- 
planation from  the  developmental  standpoint.  It  would  appear  at  first 
sight  as  if  the  dorsal  aspect  of  the  urethra  were  deficient  through 
maldevelopment  of  the  corpora  cavernosa,  but  such  is  not  the  case.  It 
will  be  found  in  these  cases  that  the  penis  has  become  reversed,  that  the 
corpora  cavernosa  and  the  glans  occupy  the  ventral  aspect  of  the  organ, 
and  that  the  defect  really  exists  in  the  corpus  spongiosum,  which  has 
assumed  a  dorsal  position.  The  degree  of  deformity  varies,  (i)  Balanic 
epispadias  is  that  in  which  the  glans  segment  of  the  urethra  is  repre- 
sented by  a  groove  opening  dorsally.  (2)  In  penile  epispadias,  the  glans 
and  penile  segments  of  the  urethra  are  defective  in  the  same  direc- 
tion. (3)  In  the  peno-pubic  or  complete  variety  of  epispadias,  the  defect 
reaches  back  the  entire  length  of  the  urethra  to  the  bladder.  The  penis 
is  very  short  and  curves  upwards  in  the  direction  of  the  pubis.  In  its 
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most  aggravated  form  epispadias  is  associated  with  separation  of  the 
pubic  segments  of  the  pelvis  and  extroversion  of  the  bladder.  The 
anterior  wall  of  the  viscus  is  deficient,  and  its  posterior  wall  bulges  for- 
wards as  a  rosy-red  velvety  mass  upon  which  the  openings  of  the  ureters 
may  possibly  be  detected.  The  umbilical  scar  may  be  absent,  or  else 
situated  at  the  upper  limit  of  the  extroverted  mucous  membrane. 

THE  PELVIC  BONES.— The  bones  which  enter  into  the  con- 
stitution of  the  pelvic  framework,  viz.,  the  sacrum  and  coccyx  behind,  the 
innominate  bones  in  front  and  at  the  sides,  form  a  complete  ring,  and 
are  connected  by  ligaments  of  considerable  strength.  By  their  exterior 
they  are  related  to  a  large  number  of  muscles,  notably  the  glutei  and 
external  rotators  of  the  hip-joint,  the  hamstrings  and  the  ilio-psoas 
muscles.  In  addition  to  these,  the  upper  extremities  of  the  femora, 
•with  their  outstanding  trochanters,  afford  considerable  protection  to  the 


Fracture  through  lateral  mass  of  the  Sacrum. 


Fracture  through  the  Horizontal 
Ramus  of  the  Os  Pubis. 

Fracture  through  the  ascending 
Ramus  of  the  Ischium. 

FIG.  148. — Double  vertical  fracture  of  the  pelvis.     Drawn  from  a  specimen  in  the  Surgical 
Museum,  Trinity  College,  Dublin. 

pelvic  bones,  and  are  largely  instrumental  in  preserving  their  integrity 
when  this  part  of  the  skeleton  is  subjected  to  severe  forms  of  violence. 

Fractures  of  the  pelvis  vary  much  in  their  extent  and  situation.  It  is 
possible,  nevertheless,  to  arrange  the  more  common  forms  in  two  main 
groups,  (i)  The  first  group  includes  those  cases  in  which  the  fracture 
involves  the  more  prominent  outstanding  portions  of  the  pelvic  bones, 
such  as  the  expanded  ala  of  the  ilium,  the  tuberosity  of  the  ischium  or 
the  coccyx,  with  perhaps  the  lower  extremity  of  the  sacrum.  These 
fractures  result  from  direct  violence,  such  as  falls  from  a  height,  blows, 
etc.  Fracture  of  the  acetabulum  is  sometimes  caused  by  a  fall  upon  the 
great  trochanter,  and  should  the  force  be  sufficiently  great,  the  head  of 
the  femur  may  be  driven  into  the  pelvis. 

(2)  The  second  group  embraces  those  severe  cases  in  which  the  frac- 
ture entails  a  solution  of  continuity  in  the  bony  ring  of  the  pelvis  (fig. 
148).  These  fractures  are  caused  by  crushing  forces  of  a  very  powerful 
kind,  and  are  frequently  associated  with  grave  injuries  of  the  soft  parts. 
The  force  which  causes  the  fracture  may  be  directed  either  from  before 
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backwards  or  from  side  to  side.  In  the  former  case  its  tendency  will  be 
to  increase  the  curvature  of  the  two  segments  of  the  pelvic  ring ;  the 
symphysis  is  forced  in  the  direction  of  the  sacrum,  and  as  the  ring  is 
weakest  in  front  in  the  region  of  the  obturator  foramina,  the  fracture 
usually  takes  place  through  the  horizontal  and  descending  rami  of  the 
os  pubis  on  one  or  both  sides.  Should  the  force  still  continue,  the  sacral 
segment  of  the  ring  is  widened  out,  and  there  is  a  tendency  for  the  in- 
nominate bone  to  be  wrenched  away  from  the  sacrum.  In  the  event  of 
the  ligaments  of  the  sacro-iliac  joint  failing  to  yield,  the  bone  on  either 
side  may  fracture  ;  in  some  cases  it  is  the  ala  of  the  sacrum,  in  others  it 
is  the  ilium  which  gives  way.  Occasionally  the  line  of  fracture  travels 
from  one  of  these  bones  into  the  joint.  Fig.  148  affords  a  good  example  of 
the  so-called  '  double  vertical  fracture  of  the  pelvis '  of  Malgaigne.  The 
anterior  arch  of  the  pelvis  is  broken  on  each  side  of  the  symphysis.  The 
posterior  segment  of  the  arch  is  broken  on  the  left  side,  the  line  of  fracture 
traversing  the  lateral  mass  of  the  sacrum.  On  the  right  side  the  bone 
was  not  fractured,  but  the  articular  surfaces  of  the  ilium  and  sacrum  were 
wrenched  forcibly  apart.  This  form  of  fracture  may  also  be  caused  by 
violence  directed  transversely,  which  tends  to  force  the  two  acetabula 
together.  The  tendency  of  the  force  in  this  case  is  to  approximate  the 
lateral  segments  of  the  pelvic  ring,  and  the  result  as  regards  fracture  is 
very  much  as  in  the  last  case.  The  pubic  segment  of  the  ring  gives  way 
first  and,  the  violence  still  continuing,  a  powerful  strain  is  thrown  upon 
the  posterior  ligaments  of  the  sacro-iliac  articulation,  the  bones  at  the 
same  time  being  forcibly  driven  together  in  front.  The  result  very  often 
is  the  tearing  away  of  a  portion  of  the  lateral  mass  of  the  sacrum,  the 
ligaments,  owing  to  their  great  strength,  remaining  intact. 

The  more  common  injuries  associated  with  these  extensive  fractures 
of  the  pelvis  are  laceration  of  the  bladder  and  urethra.  In  the  former 
case  the  damage  may  be  inflicted  by  a  sharp  bony  fragment,  the  bladder 
being  wounded  most  probably  on  its  extraperitoneal  aspect.  Such 
an  injury  would  very  probably  be  followed  by  a  urinary  cellulitis  in  the 
loose  perivesical  tissue.  Should  the  bladder  be  full  at  the  time  of  the 
injury  it  may  be  ruptured  by  the  force  which  causes  the  fracture.  In 
this  case  the  lesion  will  be  situated  very  probably  on  the  serous  aspect 
of  the  viscus,  and  will  permit  of  urinary  extravasation  into  the  peritoneal 
cavity  (see  Bladder  Injuries,  p.  544).  Damage  to  the  urethra  may  be 
caused  either  through  the  penetration  of  its  wall  by  a  sharp  bony  frag- 
ment in  the  vicinity  of  the  subpubic  angle,  or  by  forcible  drawing 
asunder  of  the  sides  of  the  pubic  arch,  the  effect  of  which  may  be  to 
tear  the  passage  completely  across  (see  Injuries  of  the  Urethra,  p.  563). 
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THE  FEMALE  GENERATIVE  ORGANS. 

The  female  generative  organs  are  contained  for  the  most  part  within  the 
pelvic  cavity,  they  receive  an  extensive  peritoneal  investment,  and  occupy 
an  intermediate  position  between  the  bladder  and  the  rectum  (figs.  149 
and  1 50).  The  uterus  is  the  largest  and  the  most  conspicuous  and  is 
easily  recognised  by  its  mesial  position,  its  pyriform  outline,  and  its  very 
firm  consistency ;  it  is  the  central  organ  with  which  the  others  are  con- 
nected and  is  continuous  below  with  the  vagina,  the  two  together  repre- 
senting those  portions  of  Miiller's  ducts  which  fuse  at  an  early  period 
of  intrauterine  life.  As  the  result  of  developmental  changes,  however, 
the  two  subdivisions  of  the  common  passage  become  distinctly  differen- 
tiated from  each  other ;  for  whereas  the  uterus  acquires  a  very  thick 
muscular  wall,  that  of  the  vagina  is  comparatively  feeble  but  its  cavity 
is  far  more  capacious  and  both  communicate  directly  through  the 
os  uteri  externum.  The  Fallopian  tubes  which  are  connected  with  the 
lateral  angles  of  the  uterus  represent  the  upper  portions  of  Miiller's 
ducts  which  remain  separate. 

On  each  side  the  uterus  is  connected  to  the  pelvic  wall  by  a  double 
fold  of  peritoneum  known  as  the  broad  ligament,  between  the  layers  of 
which  are  contained,  in  addition  to  a  variable  quantity  of  fibre-muscular 
and  fatty  connective  tissue — (i)  the  ovary  or  germinal  gland,  within  which 
the  ova  are  contained,  and  from  which  they  are  periodically  discharged 
during  the  period  of  sexual  activity ;  (2)  the  Fallopian  tube  or  oviduct,  a 
narrow  and  somewhat  tortuous  passage  which  conveys  the  ova  discharged 
on  to  the  surface  of  the  ovary  into  the  uterus  ;  (3)  the  round  ligament,  a 
fibro-muscular  cord,  which  extends  from  the  lateral  angle  of  the  uterus 
through  the  broad  ligament  to  the  pelvic  wall,  and  through  the  inguinal 
canal  to  the  pubic  region.  It  will  be  most  convenient,  in  dealing  with  the 
applied  anatomy  of  these  parts,  to  consider  the  uterus  and  vagina  first, 
and  subsequently  the  uterine  appendages. 

THE  UTERUS.— The  uterus,  as  just  stated,  is  situated  between  the  bladder  and  the 
rectum,  and  is  structurally  continuous  below  with  the  vagina.  For  descriptive  purposes  it  is  divided 
into  an  upper  expanded  portion  orfundus,  which  is  limited  by  a  horizontal  line  connecting  the 
uterine  attachments  of  the  Fallopian  tubes,  a  lower  segment  or  neck  (cervix  uteri),  and  an  inter- 
vening segment  or  body.  Externally  there  is  no  well  denned  landmark  to  indicate  the  junction  of 
the  cervix  with  the  body;  sometimes,  however,  there  is  a  slight  constriction  at  this  level,  especially 
in  the  nulliparous  uterus,  which  is  known  as  the  isthmus.  Internally,  the  boundary  line  is  denned 
by  a  constriction  at  the  upper  part  of  the  cervical  canal,  which  has  received  the  name  of  the  os 
uteri  internum.  In  length  the  uterus  measures  about  three  inches  and  its  breadth  at  its  widest  part 
is  about  two  inches.  The  length  of  the  cervix  is  about  one  inch,  and  that  of  the  entire  uterine 
cavity  two  and  a  half  inches. 

The  relationship  of  the  cervix  uteri  to  the  vagina  is  somewhat  peculiar  ;  it  presents  the 
appearance  as  if  it  had  been  inserted  as  a  plug  through  the  anterior  vaginal  wall,  so  that  its 
lower  extremity  projects  free  within  the  lumen  of  the  vagina  and  rests  in  direct  contact  with  its 
posterior  wall  (fig.  149).  The  portion  of  the  cervix  above  the  vaginal  attachment  is  known 
as  its  supravaginal  segment  to  distinguish  it  from  the  vaginal  segment  which  lies  below  this. 
Owing  to  the  marked  obliquity  with  which  the  long  axis  of  the  uterus  is  inclined  to  that  of  the 
vagina,  the  ring-like  attachment  of  the  latter  is  also  very  oblique,  and  has  a  much  lower  level 
in  front  than  behind  ;  the  posterior  vaginal  wall  consequently  is  longer  than  the  anterior. 

The  uterus  has  an  extensive  peritoneal  investment.  It  is  covered  entirely  behind,  with  the 
exception  of  the  vaginal  portion  of  the  cervix  ;  in  front,  the  membrane  descends  as  a  rule  to  the 
line  of  junction  between  the  cervix  and  the  body  (utero-vesical  reflexion).  On  each  side  the 
peritoneum  which  covers  the  uterus  is  continued  outwards  as  a  double  layer  to  the  pelvic  wall, 
constituting  the  broad  ligament,  and  from  the  posterior  aspect  of  the  cervix  a  fold  is  prolonged 
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backwards  on  each  side  to  the  posterior  pelvic  wall  and  the  side  of  the  rectum  ;  it  has  been 
alluded  to,  in  connection  with  the  pelvic  peritoneum,  as  the  utero-sacral  or  sacro-genital  fold 
(p.  514).  Between  its  layers  are  contained  some  fibrous  connective  tissue  and  unstriped 
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FIG.  149. — Mesial  sagittal  section  through  the  female  pelvis — formalin  preparation.  The 
arrangement  of  the  pelvic  viscera  is  clearly  represented.  The  bladder  is  almost  empty,  and 
its  cavity  is  observed  to  taper  below  into  the  urethra  which  curves  downwards  and  forwards 
beneath  the  pubic  arch.  The  uterus  occupies  its  normal  position  of  anteversion  and  rests 
upon  the  upper  surface  of  the  bladder ;  the  angle  at  which  its  long  axis  meets  that  of  the 
vagina  is  well  defined.  Observe  the  ovary  in  relationship  to  the  lateral  pelvic  wall  and 
its  suspensory  ligament  descending  to  it  from  above.  The  ureter  curves  downwards  to  the 
posterior  border  of  the  ovary  and  the  ampulla  of  the  Fallopian  tube  arches  over  its  upper 
extremity  and  down  along  its  posterior  border  where  the  fimbriae  are  spread  out.  The  recto- 
genital  pouch  is  seen  very  distinctly  behind  the  uterus  and  also  the  sacro-genital  fold.  The 
rectal  ampulla  is  very  capacious  ;  it  forms  a  distinct  forward  projection,  and  its  junction 
with  the  narrow  anal  canal  is  very  abrupt. 

muscle,  the  greater  part  of  which  is  attached   behind  to  the  sides  of  the  rectum  (rectouterine 
muscle).     In  front,  the  peritoneum  is  reflected  from  the  body  of  the  uterus  to  the  upper  surface 
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of  the  bladder;  behind,  it  descends  in  the  middle  line  over  the  posterior  vaginal  wall  for  a 
distance  of  about  half  an  inch  and  is  then  reflected  back  to  the  rectum,  the  reflexion  correspond- 
ing to  the  fundus  of  Douglas's  pouch  (recto-genital),  about  two  and  a  half  inches  above  the  anus. 
The  normal  position  of  the  Uterus  is  that  in  which  the  bladder  and  rectum  being  both 
empty  or  nearly  so,  its  long  axis  is  inclined  forwards,  the  entire  organ  being  anteverted  and  also 
bent  upon  itself,  or  anteflexed  to  a  slight  extent  at  the  junction  of  the  cervix  with  the  body,  the 
angle  of  flexion  varying  on  an  average  from  one  hundred  to  one  hundred  and  twenty  degrees. 

The  interior  of  the  body  of  the  Uterus  has  a  triangular  outline.  The  apex  of  the  cavity 
is  directed  downwards  and  backwards,  and  corresponds  to  the  os  uteri  internum.  The  lateral  or 
basal  angles  coincide  with  the  uterine  ostia  of  the  Fallopian  tubes.  The  sides  of  the  cavity — 
at  least  in  nulliparse — bulge  inwards  so  as  to  diminish  its  extent  somewhat.  Owing  to  the  close 
approximation  of  its  anterior  to  its  posterior  wall,  the  cavity  itself  is  reduced  to  little  more  than  a 
mere  slit-like  interval. 

The  cervical  canal  has  a  spindle-shaped  outline,  being  wider  at  its  centre  than  at  either 
extremity.  The  mucous  membrane  in  its  interior  is  arranged  in  a  series  of  ridges  which  diverge 
from  the  middle  line  in  front  and  behind  and  are  directed  upwards  and  outwards  :  they  have 
received  the  rather  fanciful  name  of  '  arbor  vitse '  or  plicse  palmatse. 

The  relations  of  the  Uterus. — The  anterior  or  vesical  aspect  of  the  uterus  overlies  the 
bladder,  but  is  separated  from  it  above  the  level  of  the  cervix  by  the  utero- vesical  pouch  of  the 
peritoneum,  and  below  this  for  a  vertical  distance  of  about  three-quarters  of  an  inch  by  a  layer  of 
connective  tissue.  This  latter  possesses  a  fairly  loose  texture  in  the  middle  line,  but  increases  in 
density  as  it  approaches  the  sides  of  the  cervix  where  it  is  continuous  with  the  tissue  of  the  broad 
ligament  which  surrounds  the  ureters  and  the  uterine  blood-vessels  (the  parametrium). 

The  posterior  or  intestinal  aspect  of  the  uterus,  consisting  of  the  body  and  the  supravaginal 
aspect  of  the  cervix,  is  covered  by  the  pelvic  colon  and  coils  of  the  small  intestine.  When  the 
rectum  is  distended,  however,  and  more  especially  if  the  bladder  be  distended  also,  these  mobile 
coils  of  intestine  are  displaced  upwards,  and  the  rectum  comes  into  direct  contact  with  the 
uterine  wall. 

On  each  side  the  uterus  is  related  to  the  structures  which  are  contained  between  the  layers 
of  the  broad  ligament  and  to  the  ureter. 

THE  BROAD  LIGAMENTS.— The  two  broad  ligaments  and  the  uterus  collectively  form 
an  intrapelvic  partition  subdividing  the  cavity  into  an  anterior  or  vesical  and.  a  posterior  or  rectal 
compartment  (fig.  150).  Each  broad  ligament  contains  between  its  layers  the  Fallopian  tube, 
the  ovary  and  the  ovarian  ligament,  the  round  ligament,  certain  vestigial  structures,  the  uterine 
and  ovarian  blood-vessels,  nerves  and  lymphatics,  together  with  a  variable  amount  of  fibro- 
muscular  and  fatty  connective  tissue — the  parametriuni. 

When  the  uterus  occupies  its  normal  position  each  broad  ligament  presents  a  similar 
forward  inclination  at  its  inner  or  uterine  extremity,  but  lies  somewhat  more  vertically  at  its  outer 
or  pelvic  attachment.  Its  anterior  surface,  which  is  mainly  directed  downwards  and  forwards, 
overlies  the  bladder  (fig.  1 50) ;  its  posterior  surface  faces  in  the  opposite  direction  and  is  in 
contact  with  the  intrapelvic  coils  of  the  intestine.  When  the  broad  ligament  is  held  vertically 
and  put  upon  the  stretch  it  presents  a  quadrilateral  outline.  By  its  inner  border  it  is  connected 
with  the  body  and  supravaginal  portion  of  the  cervix  uteri  and  with  the  lateral  fornix  of  the  vagina. 
Its  outer  or  lateral  border  is  attached  to  the  pelvic  wall,  the  line  of  attachment  crossing  the 
obturator  fossa  (p.  516)  and  extending  from  the  pelvic  floor  below  to  the  external  iliac  vessels 
and  the  inner  border  of  the  psoas  muscle  above.  Its  lower  border,  which  is  very  narrow,  is 
separated  from  the  pelvic  floor  by  a  collection  of  connective  tissue,  within  which  are  contained 
the  ureter  and  a  number  of  large  veins  coming  from  the  uterus  and  vagina  (fig.  151).  The  upper 
border  of  the  broad  ligament  coincides  in  the  greater  part  of  its  extent  with  the  Fallopian  tube, 
which  it  furnishes  with  a  partial  serous  investment.  Beyond  the  infundibulum  of  the  tube  and  its 
fimbriated  outer  extremity  the  upper  border  of  the  ligament  contains  between  its  layers  the 
ovarian  blood-vessels,  nerves  and  lymphatics  ;  this  part  consequently  has  been  termed  the 
suspensory  ligament  of  the  ovary  (infundibulo-pelvic  ligament  of  Henle). 

The  ovary  is  connected  with  the  posterior  aspect  of  the  broad  ligament  by  a  double  layer  of 
serous  membrane,  the  mesovariutn,  which  encloses  some  loose  connective  and  smooth  muscular 
tissue  together  with  the  ovarian  vessels  and  nerves.  The  line  of  attachment  of  the  mesovarium 
may  be  regarded  as  subdividing  the  broad  ligament  into  two  parts,  an  upper  and  a  lower.  The 
upper  part  is  thin  and  membranous  in  character,  and  presents  a  triangular  outline  with  the  apex 
directed  internally  ;  it  is  bounded  by  the  Fallopian  tube  above,  by  the  ovary  and  its  mesentery 
below.  Owing  to  the  connection  of  this  outer  portion  of  the  broad  ligament  with  the  Fallopian 
tube,  it  has  received  the  name  of  '  mesosalpinx.'  This  part  of  the  broad  ligament  also  is  folded 
back  as  a  rule  over  the  upper  extremity  of  the  ovary,  forming  for  it  a  sort  of  pouch  to  which  the 
name  '  bursa  ovarii''  has  been  applied  (Waldeyer).  The  lower  subdivision  of  the  broad  ligament 
becomes  progressively  thicker  as  it  approaches  the  pelvic  floor,  and  is  known  as  the  mesometrinm. 
In  front,  the  peritoneum  of  the  broad  ligament  is  reflected  over  the  bladder  and  the  adjoining 
part  of  the  lateral  pelvic  wall ;  behind,  its  vertical  depth  is  much  greater,  and  it  sweeps  back  to 
the  lateral  and  posterior  pelvic  walls.  At  the  level  of  the  upper  part  of  the  cervix  uteri  the 
peritoneum  of  the  broad  ligament  forms  the  sacro-genital  or  utero-sacral  fold,  already  described 
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(fig.    149)  ;  it  is  connected  with  its  fellow  of  the  opposite  side  by  a  ridge  which  crosses   the 
posterior  aspect  of  the  cervix,  and  has  received  the  name  of  '  torus  uterinus.' 

The  Parametrium. — The  general  arrangement  of  the  subperitoneal  tissue  of  the  pelvis  has 
been  briefly  indicated  in  a  previous  section  (p.  513).  That  portion  of  it  which  is  situated  at  each  side 
of  the  uterus  is  known  as  the  parametrium  ;  it  is  most  abundant  at  the  level  of  the  cervix  uteri, 
where  it  is  somewhat  condensed  and  reinforced  by  a  considerable  quantity  of  unstriped  muscle 
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FIG.  150. — View  of  the  pelvic  viscera  in  the  female  from  above  and  in  front.  The  arrangement 
of  the  viscera  in  regular  order  from  before  backwards  in  the  middle  line  of  the  pelvis  is- 
clearly  represented  in  this  figure.  The  bladder  is  almost  empty,  and  the  fold  of  peritoneum 
crossing  its  upper  surface  is  strongly  marked  (plica  transversa  vesicce).  The  paravesical  fosste 
also  are  very  evident.  It  will  be  observed  that  the  Fallopian  tube  first  takes  a  short  hori- 
zontal course  outwards,  then  curves  over  the  upper  pole  of  the  ovary  and  descends  in  contact 
with  its  posterior  free  border.  The  position  of  the  suspensory  ligament  of  the  ovary 
(ovarian  vessels)  is  seen  on  both  sides.  Observe  the  lower  part  of  the  pelvic  colon  and  the 
upper  segment  of  the  rectum  taking  a  sinuous  course  at  the  posterior  part  of  the  cavity.  A 
small  portion  of  the  sacro-genital  or  utero-sacral  fold  is  seen  between  the  uterus  and  rectum 
on  the  left  side,  and  the  deep  pararectal fossa  is  strikingly  represented  on  the  right. 

derived  from  the  wall  of  the  uterus.  It  is  traversed  by  the  uterine  artery,  by  the  veins  of  the  vesico- 
vaginal  and  utero-vaginal  plexuses,  by  the  uterine  nerves  and  lymphatics,  and  by  the  ureter.  In 
consequence  of  its  attachment  to  the  pelvic  wall  externally,  to  the  side  of  the  cervix  uteri  and  the 
lateral  fornix  of  the  vagina  internally,  it  acts  in  conjunction  with  the  uterine  vessels  in  helping 
to  support  the  uterus  in  its  normal  position  within  the  pelvis.  If  this  tissue  be  traced  in 
different  directions  it  will  be  found  to  extend  upwards  and  outwards  as  a  gradually  diminishing 
layer  between  the  folds  of  the  broad  ligament,  and  to  be  continuous  with  the  subperitoneal  tissue 
of  the  lateral  pelvic  wall  and  of  the  iliac  fossa.  It  ensheaths  the  visceral  branches  of  the  internal 
iliac  artery,  forming  with  them  an  intrapelvic  septum,  incomplete  no  doubt,  interposed  between 
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the  vesical  compartment  in  front  and  the  rectal  compartment  behind  (p.  513).  Followed  down- 
wards, the  parametritic  tissue  is  continuous  with  that  which  separates  the  bladder  and  vagina  in 
front,  the  vagina  and  rectum  behind.  It  is  traversed  by  the  ureter  as  it  passes  forwards  to  the 
base  of  the  bladder. 

The  Uterine  Blood-vessels.  — Arteries. — The  uterine  artery  usually  springs  directly  from  the 
anterior  division  of  the  internal  iliac  trunk  or  from  one  of  its  larger  branches,  such  as  the  internal 
pudic  or  obturator.  It  descends  at  first  in  contact  with  the  lateral  pelvic  wall,  a  little  in  front  of 
the  ureter,  and  having  reached  a  point  opposite  the  supravaginal  portion  of  the  cervix  uteri  it  runs 
inwards  in  the  parametrium,  and  as  it  does  so  it  crosses  over  the  ureter  a  short  distance  above  the 
lateral  fornix  of  the  vagina,  surrounded  by  the  veins  of  the  uterine  plexus  (fig.  151)'  It  now  bends 
upwards  and  forwards  and  runs  close  beside  the  lateral  border  of  the  uterus,  and  having  reached  the 
level  of  the  ovarian  ligament  it  divides  into  its  terminal  branches,  which  are  distributed  respectively 
to  the  ovary,  the  Fallopian  tube  and  round  ligament,  some  terminal  branches  also  going  to  the 
uterus.  As  the  artery  runs  beside  the  uterus  it  is  very  tortuous,  it  is  associated  with  numerous 
veins  and  gives  off  a  large  number  of  branches  which  traverse  the  uterine  wall  transversely  and 
anastomose  with  corresponding  branches  from  the  opposite  side.  Close  to  where  the  vessel 
crosses  the  ureter  it  usually  gives  off  a  vesico-uterine  branch.  Of  the  remaining  branches,  that  to 
the  ovary  is  the  largest  and  anastomoses  freely  with  the  ovarian  artery,  a  branch  of  the  abdominal 
aorta.  The  branch  to  the  round  ligament  anastomoses  with  a  branch  of  the  deep  epigastric  artery. 

The  uterine  branch  of  the  ovarian  artery  is  an  important  vessel,  which  reaches  the  side  of 
the  organ  between  the  layers  of  the  broad  ligament,  where  it  anastomoses  freely  with  the  uterine 
artery. 

The  Uterine  Veins  originate  in  large  cavernous  venous  spaces  in  the  middle  layer  of  the 
uterine  wall,  and  leave  the  lateral  aspect  of  the  organ  for  the  most  part  in  the  cervical  region  where 
they  form  a  large  plexus  of  thin-walled  anastomosing  vessels  which  surround  the  ureter  and  are 
closely  connected  below  with  those  issuing  from  the  vagina — utero-vaginal  plexus  (fig.  151).  The 
uterine  veins  converge  to  form  two  trunks,  one  of  which  lies  in  front,  the  other — occasionally 
double — behind  the  ureter.  They  usually  unite  to  form  a  common  trunk,  which  terminates  in  the 
internal  iliac  vein  or  in  one  of  its  larger  tributaries. 

Lymphatics. — The  uterine  lymphatics  are  classified  in  three  main  groups,  which  ramify 
respectively  in  the  mucous  membrane,  in  the  muscular  coat,  and  in  the  subperitoneal  tissue.  Those 
which  belong  to  the  mucous  membrane  originate  in  lymphatic  spaces  which  are  arranged  principally 
around  the  coats  of  the  blood-vessels  and  beneath  the  basement  membrane  of  the  uterine  glands  ; 
they  communicate  freely  with  the  lymphatic  vessels  throughout  the  uterine  wall.  The  main 
trunks  which  leave  the  uterus  issue  at  the  level  of  the  cervix  and  are  directed  to  the  glands  which 
are  grouped  around  the  bifurcation  of  the  common  iliac  artery.  Some  of  the  lymphatics  which 
issue  from  the  body  of  the  uterus  higher  up  pass  upwards  and  outwards  with  the  ovarian  vessels 
and  join  the  lumbar  glands  which  are  arranged  along  the  aorta  below  the  level  of  the  renal  arteries. 
A  few  lymphatic  vessels  travel  along  the  round  ligament  and  accompany  it  through  the  inguinal 
canal  ;  these  establish  connections  with  the  inguinal  glands. 

Nerves. — Cerebro-spinal  nerves  reach  the  uterus  from  the  third  and  fourth  sacral  nerves  ; 
some,  in  addition,  appear  to  come  from  the  second  sacral  nerve.  Sympathetic  fibres  reach  the 
organ  on  each  side  from  the  hypogastric  plexus  and  run  forwards  mainly  in  the  utero-sacral 
folds  ;  some  have  been  traced  to  a  small  ganglion  beneath  the  bend  of  the  uterine  artery  beside 
the  cervix. 

THE  VAGINA. — The  vagina  is  the  mucous-lined  passage  which  leads  from  the  cervix 
uteri  to  the  bottom  of  the  vulvar  cleft.  Its  opening  here  is  found  within  the  vestibule,  and  in 
young  females  or  in  those  who  have  not  borne  children  the  orifice  is  partially  concealed  by  a  fold 
of  mucous  membrane  of  variable  extent,  known  as  the  hymen. 

The  vagina  is  obliquely  directed  from  above  and  behind,  downwards  and  forwards  with  a 
slight  backward  curve,  its  long  axis  meeting  that  of  the  uterus  usually  at  an  obtuse  angle.  On  an 
average  the  length  of  the  passage  is  about  three  or  three  and  a  half  inches.  As  it  descends 
through  the  pelvic  floor  the  vagina  is  closely  related  to  the  bladder  and  urethra  in  front,  the 
rectum  behind,  with  the  exception  of  its  lower  extremity,  where  the  anal  canal  is  directed  backwards 
(fig.  149).  The  relationship  of  the  cervix  uteri  to  the  vagina  has  been  already  studied.  The  vaginal 
mucous  membrane  is  closely  applied  to  the  cervix,  and  the  recess  or  linear  space  between  the  two 
has  received  the  name  of  the  vaginal  fornix — or,  anterior,  posterior,  and  lateral  vaginal  fornices. 
Below  the  cervix  the  anterior  and  posterior  vaginal  walls  lie  in  contact ;  they  are  not  quite  flatly 
opposed,  however,  especially  at  the  lower  part  of  the  passage,  but  present  an  anterior  and  a 
posterior  longitudinal  bulging,  in  consequence  of  which  a  cross  section  of  the  vagina  presents  an 
H -shaped  outline.  The  mucous  membrane  in  females  who  have  not  borne  children  is 
arranged  in  such  a  way  as  to  form  a  series  of  folds  running  transversely — the  vaginal  rugse. 

The  relations  of  the  Vagina. — By  its  anterior  aspect  the  vagina  is  related  to  the 
bladder  and  urethra.  The  ureters  are  also  in  direct  relation  to  it  immediately  before  they  pierce 
the  bladder  wall  at  the  level  of  the  external  os  uteri.  The  bond  of  connection  with  the  bladder 
is  effected  by  means  of  fairly  lax  tissue,  but  in  the  case  of  the  urethra  the  connecting  tissue  is  of  a 
much  denser  character.  The  parts  of  the  bladder  in  relation  to  the  anterior  vaginal  wall  are  the 
trigonal  area  and  a  small  portion  of  the  fundus  above  and  behind  this.  By  its  posterior  aspect 
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the  vagina  is  related  above,  for  a  vertical  depth  of  half  an  inch,  to  the  peritoneum  of  Douglas's 
pouch.  Lower  down  it  is  related  to  the  anterior  aspect  of  the  rectal  ampulla,  a  thin  layer  of 
connective  tissue  only  intervening.  The  lower  extremity  of  the  vagina  is  separated  from  the  anal 
canal  by  an  interval,  triangular  on  sagittal  section,  which  is  occupied  by  a  mass  of  dense  tissue, 
viz.,  'the  perineal  body,' to  which  certain  of  the  perineal  muscles  obtain  attachment.  By  its 
lateral  aspect  the  vagina  is  related  from  above  downwards  to  the  parametrium,  the  vaginal  plexus 
of  veins,  the  ureter  (at  the  level  of  the  lateral  fornix),  and  the  levator  ani  muscle,  in  addition  to 
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P'lG.  151. — Dissection  of  the  ureters  and  uterine  blood-vessels  in  the  female  pelvis — from  the  same 
subject  as  the  last  illustration.  Observe  the  course  of  the  uterine  artery  as  it  extends 
inwards  from  the  pelvic  wall  to  the  cervix,  and  that  in  doing  so  it  takes  a  bend  a  short 
distance  above  the  ureter.  On  the  left  side  the  ureter  has  been  traced  forwards  to  the 
bladder  by  removing  the  large  veins  of  the  utero-vaginal  plexus  and  the  tissue  of  the  para- 
metrium. The  reader  will  note  that  in  passing  forwards  it  inclines  at  the  same  time  in- 
wards towards  the  side  of  the  cervix  and  also  downwards.  The  ovarian  vessels  are  repre- 
sented on  the  right  side  travelling  downwards  along  the  suspensory  ligament.  The  lateral 
inflexions  of  the  rectum  are  deserving  of  note,  and  also  the  strongly  developed  sacro-genital 
or  utero-sacral  fold  which  has  been  retained  upon  the  left  side. 

which  it  is  also  related  at  its  lower  extremity  to  the  bulb  of  the  vagina,  the  sphincter  vaginae 
muscle  and  Bartholin's  gland.  As  the  ureter  possesses  very  important  relationships  to  the  uterus 
and  vagina,  it  is  desirable  that  a  brief  account  of  it  should  be  included  here. 

THE  URETER. — A  description  of  the  ureter  in  its  abdominal  stage  will  be  found  on 
p.  511. 

The  ureter  enters  the  pelvis  at  the  level  of  the  sacro-iliac  articulation.  Having  crossed  the 
common  iliac  artery  close  to  its  bifurcation,  or  the  external  iliac  artery  immediately  beyond  this, 
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it  suddenly  bends  downwards  and  backwards  (flexura  marginalis),  and  descends  along  the 
posterior  part  of  the  side  wall  of  the  pelvis  to  a  point  a  short  distance  above  the  pelvic  floor. 
At  this  level  it  curves  forwards  (pelvic  curve)  and  passes  beneath  the  posterior  peritoneal  layer  of 
the  broad  ligament  and  enters  trie  parametrium,  through  which  it  is  directed  forwards  beside  the 
cervix  uteri,  inclining  at  the  same  time  downwards  and  inwards,  and  approximates  its  fellow 
of  the  opposite  side.  Having  reached  the  bladder  it  traverses  its  wall  very  obliquely  ;  the 
vesical  orifice  of  the  ureter  is  consequently  of  a  valvular  nature. 

The  pelvic  segment  of  the  ureter  just  outlined  is  readily  divided,  in  the  female,  into  two 
stages  :  ( I )  from  the  pelvic  brim  to  the  point  where  it  passes  beneath  the  posterior  layer  of  the 
broad  ligament,  (2)  from  the  latter  point  to  its  termination  in  the  bladder. 

In  its  first  intrapelvic  stage,  which  measures  about  three  inches,  the  ureter  descends  in  front 
and  to  the  inner  side  of  the  internal  iliac  vessels,  immediately  subjacent  to  the  peritoneum.  In 
its  downward  course  it  forms  the  posterior  boundary  of  the  obturator  fossa  (p.  516).  At  this  level 
the  parietal  peritoneum  in  front  of  the  ureter  is  usually  somewhat  depressed,  and  forms  a  small 
excavation  in  which  the  ovary  and  the  fimbriated  extremity  of  the  Fallopian  tube  are  lodged, 
and  has  consequently  been  named  the  ovarian  fossa  (fig.  149).  Throughout  this  stage  the 
uterine  artery  lies  in  front  of  the  ureter  but  on  a  somewhat  deeper  plane,  i.e.  further  removed 
from  the  peritoneum.  In  its  second  intrapelvic  stage,  which  measures  about  two  inches,  the 
ureter  lies  at  first  between  the  base  of  the  broad  ligament  and  the  pelvic  floor.  As  it  traverses 
the  parametrium  it  is  separated  from  the  supravaginal  portion  of  the  cervix  uteri  by  a  distance  of 
three-quarters  of  an  inch,  and  just  at  this  level  it  is  situated  about  half  an  inch  above  the 
lateral  vaginal  fornix,  closely  enveloped  by  the  veins  of  the  utero-vesical  and  utero-vaginal 
plexuses,  and  is  crossed  superiorly  by  the  uterine  artery  as  it  passes  inwards  from  the  pelvic  wall 
to  the  uterus  (fig.  151).  Owing  to  the  obliquity  of  the  ureter  in  this  stage  it  is  somewhat 
nearer  the  cervix  in  front  than  behind.  From  the  side  of  the  cervix  onwards  the  ureter  con- 
verges strongly  towards  its  fellow,  and  as  it  runs  forwards  and  inwards  it  lies  first  beside  the  lateral 
fornix  of  the  vagina  and  subsequently  between  the  base  of  the  bladder  and  the  anterior  vaginal 
wall,  still  surrounded  by  the  tissue  of  the  parametrium.  Its  orifice  within  the  bladder  is  situated 
at  the  upper  or  posterior  limit  of  the  trigonal  area,  about  one  inch  below  the  level  of  the  os 
uteri  externum.  Its  course  through  the  bladder  wall  measures  about  three-quarters  of  an 
inch. 

Deviations  from  the  normal  position  of  the  Uterus. — From  the 
description  just  given  of  the  connections  of  the  uterus  it  is  evident  that 
the  organ  is  maintained  in  its  position  within  the  pelvic  cavity  mainly  by 
the  broad  ligaments,  the  utero-sacral  folds,  the  blood-vessels  which  enter 
and  leave  the  organ  surrounded  by  the  parametrium,  and  the  vagina. 
In  addition  it  rests  upon  the  upper  surface  of  the  bladder  as  upon  a 
water-cushion,  and  is  connected  to  it  below  the  utero-vesical  reflexion  of 
the  peritoneum  by  some  loose  connective  tissue.  Indirectly  also  it  is 
supported  below  by  the  levatores  ani  muscles  which  enter  into  the 
composition  of  the  pelvic  floor  and  are  closely  applied  against  the  sides 
of  the  vagina.  The  uterus  is  maintained  in  its  normal  position  partly 
by  this  supporting  mechanism  and  partly  by  the  intra-abdominal 
pressure  exerted  through  the  coils  of  intestine  which  are  applied  against 
its  posterior  surface.  Anything  which  tends  to  disturb  the  equilibrium 
between  the  supporting  mechanism  on  the  one  hand,  and  the  intra- 
abdominal  pressure  on  the  other,  will  be  calculated  to  make  the  uterus 
deviate  from  its  normal  position. 

A  large  part  of  the  uterus  lies  free  within  the  pelvis,  and  few  organs 
in  the  body  possess  such  a  wide  range  of  mobility.  The  extent  to  which 
it  can  be  moved  in  different  directions  in  the  course  of  an  ordinary 
bimanual  examination,  and  without  causing  any  distress,  is  very  striking. 
The  entire  organ  may  be  raised  until  its  fundus  is  brought  into  direct 
contact  with  the  anterior  abdominal  parietes  midway  between  the  pubic 
symphysis  and  the  umbilicus.  It  may  be  also  drawn  in  a  downward 
direction  until  the  external  os  lies  just  within  the  vaginal  entrance,  and 
it  may  be  moved  freely  from  side  to  side  or  back  into  the  concavity 
of  the  sacrum.  Although  the  typical  position  of  the  uterus  just 
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described  is  that  of  anteversion  combined  with  moderate  anteflexion,  yet 
it  may  deviate  from  this  considerably  without  its  altered  attitude  being 
considered  pathological.  The  principal  agent  by  which  its  position  is 
thus  modified  within  normal  limits  is  the  bladder.  When  this  viscus 
becomes  distended  the  uterus  is  displaced  backwards  and  its  long  axis 
is  rendered  much  straighter ;  the  entire  organ  may  in  fact  become  retro- 
verted,  but  it  returns  to  its  original  position  when  the  bladder  is 
emptied. 

The  uterus  is  by  no  means  invariably  situated  accurately  in  the 
middle  line,  but  very  often  inclines  to  one  or  other  side — sinistro-  or 
dextro-version.  It  would  appear  to  incline  more  frequently  to  the  right 
than  to  the  left  side,  probably  in  consequence  of  the  influence  exerted 
upon  it  by  the  pelvic  colon  and  the  rectum,  which  mainly  occupy  the  left 
posterior  segment  of  the  pelvis. 

As  the  cervix  is  comparatively  fixed  by  its  attachments  while  the 
body  of  the  uterus  is  freely  movable,  the  organ  usually  presents  a  certain 
degree  of  flexion  where  its  two  segments  meet.  In  consequence  of 
certain  pathological  conditions  this  attitude  of  flexion  of  the  uterus  may 
show  not  only  a  marked  increase,  but  it  may  take  place  in  different 
directions,  viz.,  not  only  forwards,  but  also  backwards,  or  to  either  side. 
Forward  flexion  carried  to  excess  is  known  as  pathological  anteflexion 
and,  according  to  Schultze,  is  likely  to  be  caused  by  the  retractile  influence 
exerted  upon  the  cervix  by  the  shortening  and  thickening  of  the  recto- 
genital  or  utero-sacral  ligaments  which  succeed  intrapelvic  inflammation. 

Retro  version  of  the  uterus  associated  with  retroflexion  is  an  ex- 
ceedingly common  form  of  uterine  displacement.  The  degree  of  flexion 
is  sometimes  so  great  that  the  body  and  cervix  meet  at  an  acute  angle, 
and  the  fundus  becomes  lodged  in  Douglas's  pouch  in  front  of  the  rectum. 
Enlargement  of  the  uterus  combined  with  a  relaxed  condition  of  its 
tissues  and  of  the  structures  by  which  it  is  supported,  predisposes  to  retro- 
flexion  by  allowing  the  organ  to  descend  below  its  normal  level  to  such 
an  extent  that  the  pressure  exerted  upon  it  by  the  intestinal  mass  forces 
the  fundus  backwards,  and  the  retroflexion  of  the  latter  which  occurs 
simultaneously  is  largely  due  to  its  own  relaxed  state.  Such  an  abnormal 
position  interferes  with  the  normal  physiological  processes  which  take 
place  within  the  uterus  at  each  menstrual  period,  and  should  conception 
occur  it  may  be  impossible  for  the  organ  as  it  enlarges  to  right  itself 
and  ascend  from  beneath  the  sacral  promontory.  It  not  infrequently 
happens  also  that  the  retroflexed  uterus  becomes  fixed  by  adhesions 
which  interfere  with  its  reposition.  It  has  been  asserted  that  the  dis- 
placed fundus  may  exert  a  serious  degree  of  compression  upon  the 
rectum  and  upon  the  nerves  of  the  sacral  plexus. 

Prolapse  of  the  Uterus  (procidentia).  The  uterus  occasionally 
attains  an  abnormally  low  level  in  the  pelvis  ;  it  may  descend  even  beyond 
the  pelvic  outlet,  and  protrude  for  a  varying  extent  beyond  the  vaginal 
orifice.  For  this  to  occur  it  is  evident  that  the  supporting  mechanism 
of  the  organ  is  inadequate  to  resist  the  strain  thrown  upon  it,  the  intra- 
abdominal  pressure  probably  being  increased  at  the  same  time.  Such 
favourable  predisposing  conditions  are  most  likely  to  exist  during  the 
period  which  immediately  succeeds  parturition.  The  parts  which  have 
been  stretched  fail  to  attain  their  normal  tonicity,  and  such  a  condition 
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will  be  all  the  more  likely  to  permit  of  a  prolapse  if  there  has  been  an 
extensive  laceration  of  the  perineum.  In  the  course  of  its  descent  the 
uterus  draws  the  bladder  with  it  and  causes  the  anterior  vaginal  wall  to 
protrude  at  the  vulva  (vaginal  cystocele).  The  cervix  uteri  meanwhile 
continues  to  descend,  and  eventually  appears  at  the  vaginal  orifice.  As 
this  is  taking  place,  the  posterior  vaginal  wall  becomes  folded  upon  itself 
opposite  the  posterior  fornix  and  makes  its  descent  from  above  down- 
wards, but  owing  to  its  lax  connection  with  the  rectum  it  does  not 
usually  draw  this  latter  with  it.  The  protrusion,  on  emerging  from  the 
vulva,  tends  to  increase  in  size  and  to  form  a  large  mass  between  the 
thighs,  the  summit  of  the  mass  being  formed  by  the  external  os  uteri. 
The  vagina  is  turned  completely  inside  out,  and  its  mucous  membrane 
forms  the  outer  investment  of  the  prolapsed  part. 

In  cases  of  extensive  prolapse  the  ureters  are  liable  to  be  stretched 
to  such  an  injurious  extent  as  to  be  unable  to  discharge  their  contents  into 
the  bladder  in  the  normal  manner.  They  become  dilated  in  conse- 
quence (hydro-ureter},  and  the  dilatation  may  spread  to  the  pelvis  of  each 
and  gradually  lead  to  the  development  of  double  hydronephrosis. 

Inflammation  of  the  Uterus,  or  Metritis,  developing  at  the  period 
of  the  puerperium  is  a  serious  condition,  and  one  liable  to  be  attended  by 
very  grave  complications.  Septic  matter  is  absorbed  by  the  uterine 
mucous  membrane  or  through  the  channels  opened  up  by  laceration  of  the 
cervix — an  accident  which  sometimes  occurs  during  delivery.  A  diffuse 
cellulitis  frequently  develops  in  these  cases  in  the  tissue  situated  beside  the 
cervix  (pelvic  cellulitis ;  parametritis).  Intrapelvic  abscesses  in  the 
female  most  commonly  originate  in  this  way,  and  owing  to  the  laxity 
of  the  parametrium  they  may  attain  very  large  dimensions  unless 
evacuated  by  surgical  means.  When  left  to  itself,  such  an  abscess  is 
liable  to  discharge  its  contents  spontaneously  into  the  vagina,  or  to 
burrow  outwards  from  the  pelvis  through  the  great  sacro-sciatic  foramen 
or  upwards  to  the  iliac  fossa  and  point  above  the  centre  of  Poupart's 
ligament,  in  the  vicinity  of  the  internal  abdominal  ring. 

Metritic  infection  may  also  implicate  the  large  intrauterine  veins, 
setting  up  a  spreading  thrombo-phlebitis  in  these  vessels,  which  not 
infrequently  extends  to  the  internal  iliac  and  common  iliac  veins.  This 
is  followed  by  obstructed  venous  return  from  the  entire  lower  limb 
and  a  diffuse,  painful  oedema,  the  condition  being  known  as  l phleg masia 
alba  dolens, '  or  '  milk  leg'  Particles  of  disintegrating  thrombi  also  are 
liable  to  become  detached  and  carried  upwards  along  the  inferior  vena 
cava  to  the  heart  and  disseminated  throughout  the  systemic  system 
(embolic pyoemid).  Inflammation  of  the  peritoneum  covering  the  uterus, 
or  perimetritis,  is  usually  followed  by  adhesions  which  render  the  organ 
more  or  less  fixed  and  retain  it  perhaps  in  a  faulty  position. 

Cancer  of  the  Uterus. — This  form  of  malignant  disease  is  en- 
countered more  frequently  in  the  uterus  than  in  any  other  organ  of  the 
body,  with  the  exception  of  the  mammary  gland.  It  has  its  origin 
usually  in  the  cervix,  especially  the  vaginal  portion  which  is  covered  by 
compound  squamous  epithelium  ;  it  may  also  originate,  however,  in  the 
columnar  epithelium  of  the  cervix,  or  in  that  which  lines  the  cervical 
glands — adeno-carcinoma.  It  rarely  has  its  commencement  in  the  body 
of  the  uterus.  As  the  disease  advances,  it  gradually  infiltrates  and 
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replaces  the  normal  structures  in  its  vicinity ;  it  invades  the  body  of  the 
uterus  above  and  the  vaginal  wall  below.  The  growth  very  commonly 
projects  into  the  vagina  in  the  form  of  prominent  fungating  masses  or 
cauliflower  excrescences.  The  disease  also  spreads  in  a  lateral  direction 
beyond  the  limits  of  the  uterine  wall  into  the  parametrium,  and  gradually 
invades  the  bladder  and  the  ureters,  the  relationships  of  which  have 
been  fully  described  above.  The  rectum  is  involved  occasionally  by 
the  backward  extension  of  the  growth,  and  subsequently  both  it  and 
the  bladder  may  be  brought  into  open  communication  with  the 
uterus  and  vagina  in  consequence  of  the  ulcerative  destruction  of  the 
tissues  which  takes  place.  In  addition  to  these  local  extensions  the 
growth  is  disseminated  to  distant  parts  by  the  uterine  lymphatics  and 
veins.  In  the  latter  case,  the  cancer  having  made  its  way  through  the 
vessel  wall,  sprouts  into  its  interior,  and  detached  particles  are  subse- 
quently carried  by  the  blood-stream  to  the  heart  and  lungs,  and  thence 
throughout  the  systemic  system.  Lymphatic  gland  infection  is  usually 
a  late  occurrence  with  cancer  of  the  uterus.  The  iliac  group  is  the  first 
to  become  infected,  but  later  on  the  disease  may  spread  to  and  infect 
the  lumbar  glands  which  are  scattered  along  the  aorta  below  the  origin 
of  the  renal  arteries. 

Uterine  Myomata. — The  most  common  benign  tumour  of  the 
uterus  is  the  myoma  (leiomyoma),  which  originates  in  the  unstriped 
muscular  tissue  which  enters  so  largely  into  the  composition  of  the 
uterine  wall.  These  tumours  are  very  frequently  multiple  and  tend  to 
assume  large  proportions,  sometimes  exceeding  even  those  of  the  normal 
uterus  at  full  term.  Myomata  of  the  uterus  have  been  subdivided  into 
three  main  groups,  depending  upon  the  part  of  the  organ  in  which  they 
originate,  viz.,  (i)  submucous,  (2)  interstitial,  and  (3)  subperitoneal.  These 
three  varieties  are  sufficiently  indicated  by  their  names.  For  fuller  in- 
formation respecting  them,  the  reader  must  consult  a  work  on  gynaecology. 

The  Vagina. — One  of  the  most  noteworthy  properties  of  the  vagina 
is  its  wonderful  capacity  for  dilatation.  This  attains  its  maximum  at  the 
puerperium,  and  the  extent  to  which  it  takes  place  is  determined  mainly 
by  the  resistance  offered  by  the  pelvic  wall.  The  lower  extremity  of 
the  passage,  i.e.  the  vaginal  outlet,  is  its  narrowest  part,  and  consequently 
it  is  not  rare  for  laceration  to  occur  here  during  the  descent  of  the  fcetal 
head.  In  cases  of  slow  delivery  the  long  continued  compression  of  the 
anterior  vaginal  wall  against  the  pubic  arch  is  apt  to  be  followed  by 
sloughing  of  its  tissue  and  of  the  contiguous  portion  of  the  bladder, 
with  the  establishment  subsequently  of  a  vesico-vaginal  fistula.  This 
is  a  source  of  much  distress  in  consequence  of  the  continuous  flow 
of  urine  from  the  vagina  which  inevitably  follows.  Unless  in  very 
extensive  cases  the  fistulous  opening  can  usually  be  closed  by  a  plastic 
operation. 

The  vaginal  mucous  membrane  is  characterised  by  its  rugosity, 
especially  in  females  who  have  not  borne  children,  but  after  parturition 
the  rugae  are  largely  effaced  and  the  surface  is  much  smoother.  The 
numerous  folds  of  mucous  membrane  with  the  intervening  furrows  offer 
a  considerable  impediment  to  the  treatment  of  vaginitis,  especially  the 
gonorrhceal  form,  owing  to  the  difficulty  of  removal  of  the  infective 
discharges,  and  consequently  thorough  disinfection  of  the  vagina  is  not 
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an  easy  matter.  As  the  vaginal  mucous  membrane  is  directly  continuous 
with  that  of  the  uterus  through  the  os  externum,  vaginitis  is  very  liable 
to  be  followed  by  endometritis. 

In  the  course  of  a  bimanual  examination  the  index  and  middle 
fingers  of  one  hand  are  introduced  into  the  vagina  and  upwards  into  the 
posterior  fornix  behind  the  cervix,  the  other  hand  meanwhile  depresses 
the  abdominal  wall  above  the  symphysis.  The  uterus  is  readily  grasped 
and  moved  to  and  fro,  and  at  the  same  time  it  is  possible  to  determine 
its  size,  direction,  degree  of  tenderness,  and  its  mobility. 

The  utero-sacral  or  sacro-genital  folds,  and  even  the  ovaries  and  the 
Fallopian  tubes  (p.  583),  are  also  capable  of  being  palpated.  As  the 
terminal  stage  of  the  ureter  has  a  direct  relationship  to  the  anterior 
vaginal  wall  for  a  distance  of  one  to  two  cms.  before  entering  the  bladder, 
it  will  be  felt,  especially  if  thickened  from  pathological  causes,  in  front  of 
the  lateral  fornix  and  at  the  level  of  the  os  externum. 

The  close  proximity  of  the  bladder  and  rectum  to  the  vagina  renders 
these  passages  easy  of  access  by  operative  means.  In  the  section  deal- 
ing with  the  bladder  it  was  stated  that  vaginal  cystotomy  was  performed 
in  certain  cases  for  the  removal  of  calculi.  The  rectum  has  been  exposed 
and  a  cancerous  segment  removed  by  means  of  a  vertical  incision 
through  the  posterior  vaginal  wall,  the  procedure  being  much  facilitated 
by  the  laxity  of  the  tissue  between  the  two  passages,  at  least  above  the 
level  of  the  perineal  body. 

The  upper  part  of  the  posterior  vaginal  wall  for  about  half  an  inch 
helps  to  form  the  anterior  limit  of  the  rectovaginal  or  Douglas's  pouch, 
within  which  blood  and  fluids  of  a  pathological  nature — serum  or  pus — 
have  a  tendency  to  collect,  and  from  which  their  evacuation  is  easily 
carried  out  by  means  of  a  small  incision  in  the  middle  line.  The  recto- 
vaginal  pouch  may  also  contain  the  fundus  of  a  retroflexed  uterus,  a 
uterine  fibro-myoma,  or  a  prolapsed  ovary. 

Hysterectomy — This  operation  has  for  its  object  the  partial  or 
complete  removal  of  the  uterus.  In  partial  hysterectomy  the  segment 
removed  usually  includes  the  body  of  the  organ  and  portion  of  the  cervix 
above  the  line  of  vaginal  attachment,  hence  its  name,  supravaginal 
hysterectomy.  Removal  of  the  cervix  alone  has  been  frequently  carried 
out,  especially  in  cases  of  malignant  disease,  but  it  is  generally  regarded 
nowadays  as  inadequate,  and  has  consequently  fallen  into  disfavour. 
Complete  hysterectomy  is  especially  indicated  in  cases  of  malignant 
disease  that  has  not  advanced  too  far,  and  may  be  carried  out  either 
through  an  abdominal  incision  or  through  the  vagina. 

In  addition  to  the  uterus,  the  broad  ligaments  are  either  partially  or 
completely  removed,  the  Fallopian  tubes  and  ovaries  being  included  in 
the  latter  procedure.  The  most  extensive  removal  is  demanded  if  the 
case  be  one  of  cancer,  as  the  operative  treatment  of  this  disease  at  the 
present  day  includes  not  only  the  removal  of  the  primary  focus  of 
the  disease,  but  in  addition  the  nearest  groups  of  lymphatic  glands  and 
the  connective  tissue  in  which  their  afferent  vessels  run.  Hence,  in  the 
performance  of  a  complete  hysterectomy  for  uterine  cancer,  it  is  de- 
sirable to  remove  the  parametrium  as  thoroughly  as  possible,  and  the 
lymphatic  glands  which  are  situated  in  the  vicinity  of  the  bifurcation  of 
the  common  iliac  artery,  and  between  this  and  the  pelvic  floor. 
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In  those  cases  where  the  removal  of  the  uterine  appendages  is  not 
considered  necessary,  the  broad  ligaments  are  divided  close  to  their 
uterine  attachments. 

The  most  important  relationships  of  the  uterus,  so  far  as  its  operative 
surgery  is  concerned,  are  those  which  it  effects  with  the  uterine  and 
ovarian  vessels  and  the  ureters,  both  of  which  have  been  described  in 
detail. 

Abdominal  Hysterectomy — Complete  hysterectomy  for  malignant 
disease. — The  abdominal  route  is  usually  selected  owing  to  the  much 
freer  access  which  it  affords  to  the  diseased  parts  ;  it  also  enables  the 
largest  tumours  to  be  removed.  During  the  operation  the  patient  is  placed 
in  the  Trendelenburg  position,  i.e.  with  the  pelvis  well  raised,  as  it  greatly 
facilitates  the  intrapelvic  manipulations  by  causing  the  small  intestines 
to  gravitate  towards  the  diaphragm  and  by  bringing  the  field  of  operation 
more  fully  into  view.  The  following  are  the  anatomical  steps  of  the 
operation  as  described  by  Howard  Kelly  (Operative  Gynaecology).  The 
broad  ligament  is  drawn  up  and  transfixed  by  an  aneurysm  needle  just 
below  the  point  at  which  the  suspensory  ligament  of  the  ovary  crosses 
the  pelvic  brim,  a  ligature  is  drawn  through,  and  this  part  of  the  broad 
ligament  which  includes  the  ovarian  vessels  is  tied.  The  ligament  is  now 
divided  close  to  the  uterine  aspect  of  the  ligature,  after  which  a  lower 
segment,  including  the  round  ligament,  is  secured  and  tied,  and  the 
division  of  the  broad  ligament  continued  further  downwards.  The  broad 
ligament  on  the  opposite  side  is  ligatured  in  sections  and  divided  in  the 
same  way.  An  incision  is  next  carried  across  the  front  of  the  uterus 
above  the  utero-vesical  reflexion  of  the  peritoneum  and  the  bladder  is 
carefully  separated  down  to  the  level  of  the  anterior  vaginal  fornix.  By 
drawing  forwards  the  bladder  and  the  peritoneum  at  the  anterior  aspect 
of  the  base  of  the  broad  ligament  on  each  side,  the  parametrium  is  freely 
exposed.  The  uterine  artery  is  identified,  traced  upwards  close  to  its 
origin,  ligatured  and  divided.  The  tissue  of  the  parametrium  is  separated 
cautiously  from  the  lateral  pelvic  wall,  and  drawn  in  towards  the  cervix 
and  the  lateral  fornix  of  the  vagina.  At  this  stage  the  ureters  are 
isolated  and  retracted  out  of  the  way.  By  some  operators  bougies  are 
passed  along  their  interior  from  within  the  bladder  with  the  object  of 
rendering  them  rigid  and  less  likely  to  be  wounded  (Pawlik  and  Kelly). 
The  large  uterine  veins,  which  are  closely  related  to  the  ureter,  are 
followed  outwards  and  divided  between  ligatures  close  to  the  pelvic  wall. 
Throughout  the  entire  procedure  enlarged  glands  are  carefully  sought 
and  removed.  When  the  dissection  just  described  has  been  carried  out 
on  both  sides  the  uterus  will  remain  connected  only  with  the  vagina. 
By  means  of  the  actual  cautery  the  wall  of  the  latter  is  divided  circularly, 
commencing  in  front,  the  line  of  division  being  at  least  three-quarters 
of  an  inch  below  the  limits  of  the  disease.  In  connection  with  the 
subject  of  abdominal  hysterectomy  the  reader  may,  with  advantage,  con- 
sider the  anatomy  of  hystero-myomectomy. 

Hystero-Myomectomy — This  operation  is  performed  in  cases  of 
extensive  myomatous  disease  of  the  uterus.  As  the  region  of  the  cervix 
is  not  usually  involved  in  the  enlargement  the  entire  uterus  need  not 
necessarily  be  removed,  but  may  be  divided  above  the  line  of  vaginal 
attachment  (supravaginal  hysterectomy).  The  following  is  a  brief 
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anatomical  resume  of  the  operation,  as  recommended  by  Kelly  {Operative 
Gyncecology.}  The  abdomen  is  opened  and  the  tumour  delivered  through 
the  incision.  The  broad  ligament  is  transfixed  on  one  side  between  the 
Fallopian  tube  and  the  ovary,  i.e.  through  the  mesosalpinx,  a  ligature 
is  drawn  through  and  tied  over  the  suspensory  ligament  of  the  ovary, 
outside  the  fimbriated  extremity  of  the  Fallopian  tube.  A  second 
ligature  is  carried  through  below  this,  taking  in  the  round  ligament,  after 
which  the  included  portion  of  the  broad  ligament  is  divided.  The  next 
step  consists  in  incising  the  peritoneum  on  the  anterior  aspect  of  the 
uterus  above  the  utero-vesical  reflexion,  the  bladder  being  subsequently 
separated  from  the  cervix  and  held  forwards.  The  parametrium  is  now 
exposed  at  the  side  of  the  cervix  together  with  the  uterine  artery  and 
the  uterine  veins  which  are  ligatured  close  to  the  cervix  so  as  to  avoid 
the  inclusion  of  the  ureter.  The  cervix  is  divided  at  this  stage  by  two 
incisions  which  slope  from  its  anterior  and  posterior  aspects  downwards  to 
the  cervical  canal.  The  broad  ligament  on  the  opposite  side,  which  is 
brought  into  view  by  tilting  the  mass  over  in  that  direction,  is  ligatured 
and  divided  in  sections  from  below  upwards ;  the  tumour  will  then  be 
found  free.  The  portion  of  the  cervix  which  is  left,  consisting  of  two 
flaps,  is  sutured  so  as  to  close  the  cervical  canal.  The  peritoneum  which 
was  detached  from  the  front  of  the  uterus  together  with  the  bladder  is 
drawn  back  over  the  uterine  stump  and  sutured  to  the  peritoneum  of 
Douglas's  pouch.  When  the  pelvic  portion  of  the  operation  is  complete 
a  continuous  line  of  peritoneal  suture  should  extend  across  the  pelvic 
cavity  from  the  level  of  the  suspensory  ligament  of  the  ovary  to  a 
corresponding  point  on  the  opposite  side,  and  the  appearance  presented 
will  be  found  to  correspond  closely  to  the  interior  of  the  male  pelvis. 

Vaginal  Hysterectomy. — The  patient  is  placed  in  the  lithotomy 
position  and  a  large  speculum  introduced  into  the  vagina  is  made  to 
retract  its  posterior  wall.  The  cervix  is  seized  with  forceps  and  drawn 
down  to  the  level  of  the  vaginal  orifice.  The  lateral  walls  of  the  vagina 
are  also  fully  retracted,  so  as  to  render  access  to  the  site  of  operation  as 
free  as  possible. 

The  steps  of  the  operation  are  as  follow.  The  mucous  membrane 
of  the  vagina  is  divided  circularly  close  to  its  junction  with  the  cervix, 
but  at  a  safe  distance  from  the  growth,  should  the  case  be  one  of  uterine 
cancer.  The  connections  between  the  bladder  and  the  uterus  are  now 
divided.  This  is  not  difficult  as  a  rule,  as  the  intervening  tissues  are  of 
a  loose  character.  The  finger  is  largely  used  in  effecting  the  separation, 
and  is  kept  in  contact  with  the  firm  uterus,  all  forcible  pressure  in  the 
direction  of  the  bladder  being  avoided  for  fear  of  its  wall  being  perforated. 
The  next  step  consists  in  the  division  of  the  posterior  vaginal  wall  and 
the  opening  of  the  rectovaginal  pouch.  By  introducing  the  two  index 
fingers  through  the  opening  and  separating  them  forcibly  the  gap  is  made 
as  wide  as  possible.  The  base  of  the  right  broad  ligament  is  now 
transfixed  by  a  curved  needle,  not  more  than  half  an  inch  out  from  the 
side  of  the  cervix,  and  a  stout  ligature  is  carried  through  and  tied.  The 
bridge  of  tissue  between  the  ligature  and  the  cervix  is  snipped  through 
with  scissors,  and  a  second  ligature  is  inserted  into  the  broad  liga- 
ment immediately  above  this,  after  which  a  second  section  is  made, 
the  uterine  vessels  being  probably  included  at  this  stage.  By  passing 
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the  finger  upwards  beside  the  uterus,  the  upper  border  of  the  broad 
ligament  is  caught,  hooked  down,  and  ligatured.  When  the  included 
portion  is  divided,  the  uterus  on  that  side  will  be  found  completely  free. 
The  broad  ligament  on  the  left  side  is  next  divided,  the  procedure  being 
much  facilitated  by  drawing  down  the  uterus  broadside  into  the  vagina. 
This  brings  the  ligament  well  under  command,  and  its  ligature  and 
division  are  proceeded  with  as  before,  after  which  the  uterus  is  removed. 

The  more  immediate  risks  attending  this  operation  are,  ( i)  haemorrhage 
through  slipping  of  one  or  more  of  the  ligatures,  and  (2)  the  inclusion 
of  one  or  both  ureters. 

One  of  the  disadvantages  of  the  operation  is  that  the  free  removal  of 
the  broad  ligaments  is  impossible,  and  in  cases  of  cancer  some  diseased 
tissue  is  very  apt  to  be  left  behind. 

The  introduction  of  bougies  into  the  ureters  has  been  strongly 
recommended,  in  order  to  safeguard  their  integrity  while  the  broad 
ligaments  are  being  ligatured  and  divided. 

THE  OVARY. — The  ovary  or  germinal  gland  of  the  female  corresponds  to  the  testis 
in  the  male  (testis  muliebris).  In  shape  it  is  somewhat  ovoid,  flattened  from  side  to  side,  and 
directed  more  or  less  vertically.  Its  long  axis  measures  about  one  to  one  and  a  half  inches,  and  it 
is  about  half  an  inch  across  at  its  widest  part.  By  its  anterior  border  it  is  attached  to  the  posterior 
aspect  of  the  broad  ligament  by  a  fold  of  serous  membrane,  described  above  (p.  571)  as  the 
mesovarium.  Its  posterior  border,  which  is  round  and  convex,  is  directed  backwards  and 
inwards  facing  the  rectum.  The  upper  extremity  or  pole  of  the  ovary  is  blunt  and  rounded, 
and  is  the  larger  of  the  two ;  it  is  connected  to  the  pelvic  brim  by  the  peritoneal  fold  which 
surrounds  the  ovarian  vessels,  and  which  has  been  already  described  as  the  '  suspensory  ligament 
of  the  ovary' ;  it  constitutes  the  upper  and  outer  part  of  the  broad  ligament  (fig.  571).  The 
upper  pole  of  the  ovary  also  lies  within  the  loop  formed  by  the  ampulla  of  the  Fallopian  tube, 
and  is  situated  but  a  short  distance  below  the  external  iliac  vessels.  The  lower  pointed  extremity 
or  pole  of  the  ovary  is  in  close  proximity  to  the  pelvic  floor  ;  it  is  connected  to  the  lateral  angle 
of  the  uterus  by  a  fibre-muscular  cord  from  one  to  one  and  a  half  inches  in  length,  the  ligament 
of  the  ovary.  The  outer  surface  is  in  contact  as  a  rule  with  that  part  of  the  lateral  pelvic  wall 
which  forms  the  posterior  part  of  the  obturator  fossa  (p.  516),  i.e.  immediately  in  front  of  the 
ureter  and  below  the  external  iliac  vessels  (fig.  149).  The  pelvic  peritoneum  is  often  somewhat 
depressed  for  a  variable  depth  at  this  level,  constituting  what  is  known  as  the  ovarian  fossa. 
The  inner  surface  of  the  ovary  in  the  vicinity  of  the  attached  border  of  the  gland  is  closely 
related  to  the  ascending  segment  of  the  Fallopian  tube  (fig.  150);  the  tube  and  the  adjoining 
part  of  the  broad  ligament  (mesosalpinx)  may,  in  fact,  overlap  the  ovary  very  considerably,  so 
as  almost  to  conceal  it  after  the  manner  of  a  hood  (see  broad  ligament ;  '  bursa  ovarii ').  This 
inner  aspect  of  the  ovary  is  also  related  to  the  coils  of  intestine  which  lie  within  the  pelvis. 

The  surface  of  the  ovary  differs  from  that  of  the  adjoining  peritoneum  in  being  somewhat 
nodular  and  covered  by  a  layer  of  columnar  epithelium  and  not  by  an  extension  of  the  serous 
membrane,  which  is  lined  by  flat  endothelial  cells.  The  outer  covering  of  the  ovary  in  reality 
resembles  more  a  mucous  than  a  serous  membrane,  and  is  brought  into  connection  indirectly  with 
the  mucous  lining  of  the  Fallopian  tube  by  the  fimbrise  of  the  latter  which  are  spread  out  over  it, 
but  more  especially  by  the  '  ovarian  fimbria'  which  is  attached  to  its  upper  surface. 

The  Arteries  which  supply  the  ovary  are  (i)  the  ovarian  branch  of  the  abdominal  aorta  and 
(2)  the  ovarian  branch  of  the  uterine  artery.  Both  reach  their  destination  by  passing  backwards 
between  the  layers  of  the  mesovarium  into  the  central  or  medullary  portion  of  the  ovary. 

The  Ovarian  Veins  having  emerged  from  the  ovary,  form  a  plexus  between  the  layers  of  the 
mesosalpinx.  The  majority  run  in  company  with  the  ovarian  artery  ;  a  few  associate  themselves 
with  the  uterine  veins. 

The  Ovarian  Lymphatics  ascend  in  the  suspensory  ligament  of  the  ovary  and  terminate  in 
the  lumbar  glands. 

The  Ovarian  Nerves  are  derived  from  the  ovarian  plexus  which  is  an  offshoot  from  the  aortic 
plexus.  Some  filaments  reach  the  ovary  also  from  the  uterine  plexus. 

THE  FALLOPIAN  TUBE.— The  Fallopian  tube  measures  about  four  and  a  half 
inches  in  length.  By  its  inner  extremity  it  opens  into  the  upper  and  outer  part  of  the  uterine 
cavity  by  a  minute  orifice  about  one  mm.  in  diameter  (ostium  titerinutn).  By  its  outer  or  free 
extremity  it  communicates  directly  with  the  general  peritoneal  cavity  through  the  ostium  ab- 
dominale.  This  latter  is  situated  at  the  bottom  of  a  funnel-like  expansion  of  the  tube  known  as 
the  infandibulum,  which  is  surrounded  by  the  fimbrise,  and  is  from  four  to  six  mm.  in  diameter. 
Different  names  have  been  applied  to  different  segments  of  the  Fallopian  tube.  That  part 
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which  traverses  the  uterine  wall  is  termed  its  titerine  segment ;  it  is  succeeded  by  a  short  portion, 
the  isthmus,  beyond  which  the  tube  widens  somewhat,  and  for  the  remainder  of  its  extent  is 
known  as  the  ampulla.  Between  the  lateral  ?ngle  of  the  uterus  and  its  fimbriated  extremity 
the  tube  is  enveloped  in  the  greater  part  of  its  extent  by  the  peritoneum  of  the  broad  ligament 
which  forms  for  it  a  sort  of  mesentery,  the  mesosalpinx.  The  direction  followed  by  the  tube 
under  normal  conditions  is  as  follows.  Proceeding  from  the  lateral  angle  of  the  uterus,  it  passes 
outwards  almost  horizontally  for  a  short  distance,  but  at  the  level  of  the  junction  between  the 
isthmus  and  ampulla  it  bends  suddenly  opposite  the  lower  or  uterine  pole  of  the  ovary  and 
ascends  almost  vertically  along  the  inner  side  of  the  latter  in  close  relationship  to  its  anterior 
attached  border  and  to  the  mesovarium.  Having  gained  the  upper  pole  of  the  ovary  it  arches 
backwards  over  it  (fig.  149),  pursuing  at  the  same  time  a  wavy  flexuous  course,  and  descends 
along  the  upper  part  of  its  posterior  border  and  the  adjoining  portion  of  its  inner  surface  with 
which  the  fimbrise  lie  in  contact.  One  of  these,  larger  than  the  others,  is  attached  to  the  upper 
pole  of  the  ovary,  and  has  been  named  the  ovarian  fimbria. 

Structure  of  the  Tube. — In  addition  to  its  outer  or  serous  investment,  the  Fallopian  tube 
is  surrounded  by  a  stratum  of  loose  subserous  connective  tissue,  rich  in  blood-vessels.  This  is 
succeeded  by  the  muscular  coat  which  is  continuous  with  that  of  the  uterus,  and  consists  of  an 
-outer  longitudinal  and  an  inner  circular  layer.  Most  internally  the  tube  is  lined  by  mucous 
membrane  which  is  peculiar  in  being  arranged  in  a  number  of  folds  directed  longitudinally. 
Each  of  the  larger  folds  is  provided  with  a  number  of  minor  folds  or  reduplications,  especially 
in  the  ampulla,  which  encroach  upon  the  lumen  of  the  tube  and  present  a  very  beautiful 
arborescent  appearance  on  cross  section.  The  mucous  membrane  which  is  lined  by  columnar 
ciliated  epithelium  is  continuous  with  that  of  the  uterus  internally,  and  at  the  outer  extremity  of 
the  tube  it  lines  the  inner  surfaces  of  the  fimbrise,  ending  abruptly  at  their  free  margins,  where 
it  meets  the  peritoneum. 

THE  ROUND  LIGAMENT.— The  round  ligament  is  a  fibro-muscular  cord  from  five 
to  six  inches  in  length  which  extends  from  the  lateral  angle  of  the  uterus  to  the  exterior  of  the 
inguinal  canal  where  it  breaks  up  in  a  fan-shaped  manner  into  a  number  of  minute  bands  which 
are  connected  with  the  subcutaneous  tissue  and  skin  in  front  of  the  pubis. 

At  first  the  round  ligament  passes  outwards  almost  horizontally  from  the  uterus  to  the 
lateral  pelvic  wall,  across  which  it  is  directed  forwards  and  upwards  to  the  trigonum  femorale 
(p.  409)  and  the  internal  abdominal  ring.  In  its  pelvic  stage  it  forms  the  anterior  boundary 
of  the  obturator  fossa,  and  crosses  the  obturator  vessels  and  nerve,  the  obliterated  hypogastric 
artery  and  the  external  iliac  vessels.  It  curves  round  the  deep  epigastric  vessels,  and  as  it 
traverses  the  inguinal  canal  it  is  accompanied  by  the  ilio-inguinal  nerve  and  is  surrounded  by  an 
ensheathing  layer  of  the  transversalis  fascia.  Occasionally  it  is  accompanied  also  by  a  process 
•of  the  peritoneum,  which  is  known  as  the  canal  of  Nuck.  Along  the  course  of  the  round 
ligament  communications  are  established  between  branches  of  the  deep  epigastric  and  uterine 
blood-vessels,  and  between  the  iliac  and  inguinal  groups  of  lymphatic  glands. 

Palpation  of  the  Ovary. — The  ovary  may  be  palpated  in  the  course 
of  a  bimanual  examination  in  the  following  way.  Supposing  the  right 
ovary  is  being  examined,  the  index  and  middle  fingers  of  the  right 
hand  having  been  introduced  into  the  posterior  cul-de-sac  of  the  vagina, 
are  made  to  press  outwards  and  upwards  in  the  direction  of  the  lateral 
pelvic  wall.  The  fingers  of  the  left  hand  applied  flat  above  the  centre 
of  Poupart's  ligament  depress  the  abdominal  parietes,  which  should  be 
fully  relaxed,  so  that  the  finger-tips  may  approximate  those  of  the  other 
hand  below  the  level  of  the  pelvic  brim.  The  ovary  will  be  recognised 
as  a  small  firm  body  which  slips  between  the  fingers  and  can  be  freely 
moved  backwards  and  forwards. 

The  Fallopian  tube  is  difficult  to  palpate  in  its  normal  condition, 
but  when  enlarged  its  recognition  is  easy,  and  it  can  be  rolled 
between  the  fingers.  The  readiest  way  to  identify  it  is  to  trace  it  out- 
wards from  the  lateral  angle  of  the  uterus. 

Deviations  from  the  normal  position  of  the  Ovary. — Although  the 
ovary  possesses  a  considerable  range  of  movement,  yet  its  position 
within  the  pelvis,  especially  in  nulliparous  females,  is  fairly  constant  and 
has  been  fully  described  above.  In  the  foetus  the  ovary,  like  the  testis, 
has  its  origin  in  the  lumbar  region,  but  in  the  course  of  development  it 
comes  to  occupy  the  iliac  fossa,  and  at  birth  is  found  at  the  inner  border 
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of  the  psoas  muscle,  from  which  point  it  subsequently  migrates  to  its 
permanent  site.  The  principal  structure  by  which  it  is  supported 
is  the  suspensory  ligament,  at  the  upper  and  outer  extremity  of  the 
broad  ligament,  between  the  layers  of  which  the  ovarian  vessels  are 
contained.  Suspended  by  this  structure  in  contact  with  the  lateral 
pelvic  wall,  the  ovary  oscillates  within  certain  normal  limits  forwards  or 
backwards  beyond  the  confines  of  the  '  ovarian  fossa,'  and  slight  move- 
ments of  this  nature  are  being  constantly  caused  by  the  alternating 
phases  of  the  bladder  and  rectum  as  regards  fulness  or  emptiness. 

The  principal  conditions  which  tend  to  make  the  ovary  assume  a 
pathological  position  are  retroversion  and  retroflexion  of  the  uterus,  and 
furthermore  the  peritoneum  of  the  broad  ligament  and  pelvic  parietes 
which  becomes  overstretched  during  pregnancy  may  be  slow  in  return- 
ing to  its  normal  state  after  parturition.  Enlargement  of  the  ovary  also 
predisposes  to  its  displacement,  the  direction  of  which  is  usually  back- 
wards and  downwards.  The  ovary  may  come  to  lie  behind  the  ureter 
and  the  internal  iliac  vessels,  in  close  relationship  to  the  utero-sacral  fold, 
a  displacement  by  no  means  uncommon  in  multiparae,  or  it  may  gravitate 
further  and  occupy  the  pouch  of  Douglas,  lying  in  front  of  the  rectum 
(prolapse  of  the  ovary).  In  addition  to  being  displaced,  the  ovary  may 
acquire  adhesions  which  render  it  more  or  less  fixed  in  its  abnormal 
situation.  Under  such  conditions  it  very  often  becomes  tender  and 
painful,  and  it  is  the  presence  of  these  symptoms  which  as  a  rule  draws 
attention  to  its  abnormal  position. 

Hernia  of  the  ovary  has  been  already  alluded  to,  p.  410. 

Ovarian  Tumours. — A  section  of  the  ovary  directed  radially  pre- 
sents for  examination  two  distinct  parts,  viz.,  (i)  an  outer  cortical  and 
(2)  an  inner  medullary  zone.  The  cortex  contains  the  ova  embedded  in 
a  connective-tissue  stroma.  The  majority  of  these  are  in  an  immature 
state  and  are  situated  for  the  most  part  near  the  periphery  of  the  ovary. 
The  remaining  ova  present  all  stages  in  the  evolution  of  the  fully 
developed  Graafian  follicle.  The  cortex  of  the  ovary  is  covered  externally 
by  a  single  layer  of  low  columnar  cells,  the  representatives  of  the  original 
epithelium  of  the  germinal  ridge  of  the  embryo.  The  medullary  zone 
consists  of  connective  tissue  with  some  unstriped  muscle  which  is  con- 
tinuous with  that  of  the  mesovarium.  The  larger  branches  of  the  ovarian 
vessels  and  lymphatics  are  also  found  at  this  level. 

In  the  earlier  stage  of  its  development  there  is  a  close  resemblance 
between  the  follicles  of  the  ovary  and  an  ordinary  tubular  gland. 
Columns  of  cells  grow  inwards  from  the  surface  of  the  germinal  ridge ; 
some  of  these  cells  represent  the  ova,  others  constitute  the  epithelium  of 
the  follicles.  Subsequently  the  ingrowing  columns  of  cells  are  separated 
from  the  surface  and  lie  embedded  in  the  stroma. 

Tumours  of  the  ovary  are  very  common  and  present  marked  differences 
in  character,  depending  upon  their  original  starting-point.  The  majority 
have  their  origin  either  in  the  epithelium  of  the  follicles  or  in  the  connec- 
tive-tissue elements  of  the  ovary.  The  cystic  forms,  which  include  by  far 
the  greater  number  of  ovarian  tumours,  appear  to  develop  for  the  most 
part  from  the  Graafian  follicles,  and  therefore  in  the  cortical  zone  of  the 
ovary.  It  is  beside  the  scope  of  this  work  to  enter  into  a  detailed 
account  of  these  tumours  ;  fuller  information  regarding  them  will  be 
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found  in  works  on  gynaecology.  The  commonest  form,  however,  of  ovarian 
cyst  is  that  which  is  known  as  the  proliferating  adeno-cystoma.  In 
the  course  of  its  growth  it  usually  develops  a  pedicle  of  varying  propor- 
tions, which  includes  the  ovary  and  its  ligament,  the  Fallopian  tube,  and 
the  adjoining  portion  of  the  broad  ligament,  more  especially  the  sus- 
pensory ligament  of  the  ovary  which  contains  the  ovarian  vessels,  often 
much  enlarged.  Sometimes  the  pedicle  is  long  drawn  out,  and  in  such 
cases  it  has  a  very  marked  tendency  to  become  twisted  upon  itself 
(torsion  of  the  pedicle).  These  proliferating  adenomatous  cysts  of  the 
ovary  are  capable  of  attaining  an  enormous  size,  occupying  the  greater 
part  of  the  pelvic  and  abdominal  cavities  and  displacing  the  movable 
viscera  in  different  directions. 

Dermoid  Cysts  of  the  Ovary  possess  considerable  developmental 
interest  and  various  theories  have  been  put  forward  to  account  for 
their  mode  of  origin.  In  a  typical  case  the  wall  of  the  tumour  resembles 
the  skin  in  structure,  and  contains  hairs,  sebaceous  and  sweat  glands  ; 
in  some  cases  these  dermoids  contain  teeth,  and  even  rudimentary 
mammae  (Bland  Sutton).  Occasionally  the  arrangement  of  the  constit- 
uent tissues  which  enter  into  these  tumours  is  of  a  highly  irregular  or 
atypical  character ;  it  consists,  in  short,  of  an  indiscriminate  conglomera- 
tion of  epithelium,  glands,  bone,  muscle,  cartilage,  and  nerve  tissue. 
Tumours  of  this  kind  are  known  as  teratomata,  and  are  of  a  malignant 
character.  As  dermoids  have  usually  been  regarded  as  epiblastic  in  origin 
their  presence  in  the  ovary  has  been  difficult  of  explanation,  as  the  latter 
is  developed,  independently  of  the  epiblast,  from  the  mesothelial  lining 
of  the  germinal  ridge  which  is  situated  in  the  dorsal  part  of  the  ccelom 
or  body  cavity,  bounded  by  the  body  wall  (somatopleure)  externally,  by 
the  primitive  intestine  and  its  mesentery  (splanchnopleure)  internally 
(fig.  109).  There  is  reason  to  believe,  however,  that  ovarian  dermoids 
are  capable  of  originating  independently  of  the  epiblastic  layer  of  the 
embryo,  viz.,  from  the  ovum  and  the  epithelium  of  the  Graafian  follicle. 

Solid  tumours  of  the  ovary  have  as  a  rule  a  connective-tissue  origin, 
and  develop  either  in  the  stroma  or  in  the  tissue  of  the  medullary  zone  ; 
the  more  common  are  fibromata,  myomata,  and  sarcomata.  They  are 
much  less  common  than  the  cystic  variety. 

The  Fallopian  Tube. — The  direct  continuity  of  the  mucous  lining  of 
the  tube  with  that  of  the  uterus  helps  to  explain  the  frequency  with  which 
infection  travels  from  the  one  to  the  other ;  in  fact,  inflammation  of  the 
tubes,  or  salpingitis,  is  usually  caused  in  this  way.  Gonorrhoea  is 
perhaps  the  most  frequent  source  of  the  trouble,  but  it  may  originate 
also  in  a  staphylococcus  or  streptococcus  infection  ;  occasionally  it  is 
tubercular.  One  of  the  most  frequent  results  of  salpingitis  is  the 
sealing  up  of  the  abdominal  ostium  of  the  tube  by  adhesions.  These 
prevent  the  entrance  of  infective  matter  into  the  peritoneal  cavity,  and 
the  secretions  which  collect  within  the  tube,  not  being  able  to  escape  into 
the  uterus  with  sufficient  freedom,  cause  the  tube  to  become  distended 
(pus  tube),  and  render  it  capable  of  being  palpated  with  facility.  Leakage 
of  its  infective  contents  into  the  peritoneal  cavity  does  nevertheless 
occur  sometimes,  and  sets  up  a  pelvic  peritonitis  of  the  adhesive  variety. 
In  such  cases  it  is  not  uncommon  to  find  the  tube,  ovary,  adjoining 
portion  of  the  broad  ligament,  the  lower  part  of  the  great  omentum,  and 
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perhaps  one  or  more  neighbouring  coils  of  intestine  firmly  glued  together 
and  to  the  pelvic  wall  (adnex  tumor). 

In  certain  examples  of  catarrhal  inflammation  of  the  tube  the 
abdominal  ostium  becomes  closed  and  its  interior  filled  by  a  clear  fluid, 
so  that  it  resembles  to  a  large  extent  a  retention  cyst ;  the  condition  is 
known  as  hydrosalpinx. 

The  tube  may  also  be  distended  by  blood,  constituting  a  hcemo- 
salpinx.  The  haemorrhage  probably  has  its  orgin  in  the  majority  of 
instances  in  a  tubal  pregnancy. 

Owing  to  the  close  proximity  of  the  Fallopian  tube  on  the  right 
side  to  the  vermiform  appendix,  the  symptoms  resulting  from  salpingitis 
often  bear  a  close  resemblance  to  those  of  appendicitis,  and  it  is  well  to 
remember  that  these  two  diseased  states  are  liable  to  be  confounded  with 
each  other. 

Tubal  Pregnancy. — The  consensus  of  opinion  nowadays  points  to 
the  fact  that  the  ovum  undergoes  fertilisation  within  the  Fallopian  tube 
and  that  it  subsequently  passes  onwards  to  the  uterine  cavity,  its  passage 
being  assisted  no  doubt  partly  by  the  cilia  of  the  epithelial  cells  which 
invest  the  mucous  membrane,  and  partly  by  the  peristaltic  action  of  the 
muscular  coat  of  the  tube.  It  sometimes  happens,  however,  that  the 
ovum  is  retained  in  the  tube  after  impregnation  has  been  effected  and 
proceeds  to  develop  in  this  situation.  While  this  is  taking  place  there 
is  apparently  no  corresponding  hypertrophy  of  the  wall  of  the  tube  ;  it 
stretches  up  to  a  certain  point  to  accommodate  the  steadily  increasing 
volume  of  its  contents,  but  usually  at  some  period  between  the  seventh 
and  the  twelfth  week — it  may,  however,  be  delayed  to  the  fourth 
month — rupture  takes  place  and  the  embryo  is  extruded  into  the  peri- 
toneal cavity.  The  rupture  is  succeeded  usually  by  very  free  haemor- 
rhage from  that  part  of  the  tube  to  which  the  ovum  was  attached,  and 
a  fatal  result  is  very  apt  to  occur  unless  the  haemorrhage  is  promptly 
checked  by  surgical  means.  Sometimes  the  tube  ruptures  in  a  down- 
ward direction,  viz.,  between  the  layers  of  the  broad  ligament  and  not 
into  the  general  peritoneal  cavity,  an  extensive  haematoma  of  the  broad 
ligament  being  the  consequence.  Apart  from  rupture  of  the  tube  the 
embryo  may  escape  through  the  abdominal  ostium  into  the  peritoneal 
cavity  (tubal  abortion],  and  should  it  survive,  the  placenta  becomes 
attached  to  some  neighbouring  surface  and  continues  to  grow  (abdominal 
fetation),  but  much  more  commonly  the  ovum  perishes. 

It  is  probable  that  various  causes  conspire  to  retain  the  ovum  in  the 
tube.  Among  those  which  appear  most  deserving  of  notice  are,  (i)  the 
labyrinthine  system  of  folds  within  the  tube  in  which  the  ovum  might 
readily  become  entangled,  especially  if  these  folds  were  at  all  swollen ; 
(2)  excessive  tortuosity  of  the  tube ;  (3)  abnormal  length  of  the  tube  ; 
(4)  atresia ;  and  (5)  adhesions  which  exert  a  distorting  influence  upon 
the  tube. 

Vestigial  Structures — In  the  female  the  Fallopian  tube,  uterus,  and 
vagina  are  developed  from  the  Miillerian  ducts  ;  the  Wollfian  ducts, 
on  the  other  hand,  remain  in  an  undeveloped  or  rudimentary  condition, 
and  in  course  of  time  almost  completely  disappear.  Should  the  Wollfian 
duct  persist,  it  would  be  represented  by  a  tube  commencing  close  to  the 
fimbriated  extremity  of  the  Fallopian  tube,  extending  inwards  between  the 
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layers  of  the  broad  ligament  to  the  uterus,  and  downwards  in  the  superficial 
tissues  of  the  cervix  and  the  lateral  aspect  of  the  vagina  to  an  opening 
at  the  vaginal  orifice  close  to  the  duct  of  Bartholin's  gland.  There  is 
usually  no  trace  left  of  the  lower  or  utero-vaginal  segment  of  this  duct 
in  the  human  subject.  Vestiges,  however,  of  its  upper  or  mesosalpingeal 
part  are  found  between  the  layers  of  the  mesosalpinx,  and  are  known  as 
{i)  the  hydatid  of  Morgagni,  (2)  the  epoophoron  or  parovarium,  and 
(3)  the  paroophoron. 

The  Hydatid  of  Morgagni  is  a  small  pedunculated  cystic  structure  situated  in  close 
proximity  to  the  fimbrise  of  the  Fallopian  tube  ;  it  represents  the  anterior  or  cephalic  extremity 
of  the  Wolltian  duct. 

The  Epoophoron  or  Parovarium  (Organ  of  Rosenmiiller}  is  situated  in  the  outer  third  of 
the  mesosalpinx  between  the  Fallopian  tube  and  the  ovary,  and  is  best  seen  when  the  broad 
ligament  is  held  between  the  observer  and  the  light.  It  consists  of  a  number  of  blind  tubes 
lined  by  columnar  ciliated  epithelium.  One  of  these  is  directed  parallel  to  the  Fallopian  tube  ; 
it  is  known  as  the  duct  of  Gartner  and  is  the  representative  of  the  Wollfian  duct.  The  remain- 
ing tubes,  six  to  twelve  in  number,  appear  like  fine  threads,  which  radiate  from  the  mesovarial 
attachment  of  the  ovary  and  join  the  tube  just  mentioned  at  right  angles.  They  represent 
the  genital  tubules  which  are  in  connection  with  the  Wollfian  duct  and  are  homologous  with 
the  vasa  efferentia  and  the  epididymis  in  the  male. 

The  Paroophoron  is  also  situated  between  the  layers  of  the  mesosalpinx,  but  more 
internally,  viz.,  in  the  angle  between  the  Fallopian  tube  and  the  ovary.  It  consists  of  a 
collection  of  coiled  tubes  which  are  arranged  in  glomerular  fashion  and  represent  the  renal 
tubules  (mesonephros)  which  are  connected  with  the  Wollfian  duct.  They  are  best  seen  in  the 
infant  up  to  the  end  of  the  first  year,  but  are  usually  indistinguishable  at  a  later  period  ;  they 
are  homologous  with  the  paradidymis  or  the  organ  of  Giraldes  in  the  male. 

Parovarian  Tumours. — Certain  forms  of  cystic  tumour  which  are 
sometimes  found  between  the  layers  of  the  broad  ligament  would  appear 
to  have  their  origin  in  the  foetal  structures  just  described.  As  it  is  not 
always  possible  to  say  whether  they  are  derived  from  the  epoophoron 
or  paroophoron  they  have  been  collectively  termed  'parovarian  cysts.' 
They  vary  much  in  size,  but  as  a  rule  do  not  attain  large  proportions. 
They  are  encapsuled  between  the  peritoneal  layers  of  the  broad  ligament 
(intraligamentary  cysts),  are  usually  unilocular,  and  contain  clear  watery 
fluid.  In  the  course  of  their  growth  they  displace  the  ovary,  and  the 
Fallopian  tube  is  elongated  and  curved  around  their  periphery. 

The  Round  Ligament. — One  of  the  methods  employed  in  the  treat- 
ment of  retroversion  and  retroflexion  of  the  uterus  consists  in  shortening 
the  round  ligaments  (Alexander's  operation).  An  incision  is  made  on 
each  side  from  a  point  a  little  above  the  centre  of  Poupart's  ligament  to 
the  pubic  spine,  the  superficial  tissues  being  divided  as  in  the  operation 
of  herniotomy  (p.  414).  The  aponeurosis  of  the  external  oblique 
muscle  is  exposed  and  divided  in  the  direction  of  its  fibres,  com- 
mencing at  the  summit  of  the  external  abdominal  ring.  The  round 
ligament  is  easily  recognised  within  the  inguinal  canal  as  a  round  slender 
cord,  surrounded  by  loose  fatty  tissue,  and  emerging  from  beneath  the 
internal  oblique  muscle.  It  is  carefully  isolated  from  the  surrounding 
structures,  including  the  ilio-inguinal  nerve,  up  to  the  internal  abdominal 
ring  and  drawn  outwards  by  gentle  steady  traction  from  the  abdominal 
cavity.  As  this  is  being  done  on  both  sides  the  uterus  is  raised  and 
drawn  forwards  towards  the  anterior  abdominal  wall.  When  the  round 
ligaments  have  been  drawn  forwards  to  the  required  extent  they  are 
fixed  by  sutures  to  the  tissues  bounding  the  inguinal  canal. 
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The  Canal  of  Nuck. — It  has  been  already  stated  (p.  410)  that  a  small 
pouch  of  peritoneum  sometimes  extends  within  the  inguinal  canal  in  the 
female  and  that  its  presence  here  is  a  predisposing  cause  of  congenital 
inguinal  hernia,  resembling  in  this  respect  the  patent  condition  of  the 
funicular  process  which  is  met  with  in  the  male. 

Another  pathological  condition  occasionally  observed  in  connection 
with  this  serous  pouch  in  the  female  is  hydrocele  (hydrocele  of  the 
canal  of  Nuck}.  It  results  usually  from  obliteration  of  the  little  sac  at 
one  or  more  points,  the  pervious  part  gradually  becoming  distended 
with  clear  serous  fluid.  A  congenital  hydrocele  is  one  in  which  the 
serous  sac  retains  its  connection  with  the  general  peritoneal  cavity ;  it 
has  an  impulse  on  coughing  and  is  reducible  on  pressure. 


PART    V 

THE    LOWER    EXTREMITY. 

PELVI-FEMORAL    REGION. 

THE  lower  extremity  is  connected  with  the  pelvic  segment  of  the  trunk 
by  a  large  number  of  powerful  muscles  which  are  grouped  around  the 
hip-joint  or  pelvi-femoral  region  ;  it  is  customary,  however,  to  subdivide 
this  large  district  into  three  minor  regions,  viz.,  the  gluteal  region  behind, 
the  upper  and  anterior  part  of  the  thigh  or  the  subinguinal  region  in 
front,  and  the  adductor  region  internally. 

The  Gluteal  Region  corresponds  in  the  greater  part  of  its  extent 
with  the  buttock  or  prominence  of  the  nates,  and  the  large  amount  of 
surgical  interest  which  centres  around  it  depends  not  only  upon  its  close 
relationship  to  the  hip-joint,  but  also  upon  the  fact  that  it  constitutes  a 
district  common  to  the  pelvis  and  the  lower  limb.  It  is  bounded  above 
by  the  iliac  crest,  which  separates  it  from  the  lateral  abdominal  and 
lumbar  regions;  below,  it  is  limited  by  the  deep  horizontal  furrow 
known  as  the  fold  of  the  nates  ;  internally,  by  the  lateral  margins  of  the 
sacrum  and  coccyx  and  by  the  intergluteal  sulcus ;  and  externally,  by  a 
line  drawn  from  the  anterior  superior  spine  of  the  ilium,  in  front 
of  the  tensor  fasciae  femoris  muscle,  to  the  summit  of  the  great 
trochanter. 

The  iliac  crest  varies  much  in  distinctness  in  different  individuals. 
When  the  muscles  are  strongly  developed  or  the  subcutaneous  fat 
abundant  its  outline  is  somewhat  difficult  to  determine,  but  in  those  of 
spare  build,  or  who  are  in  an  emaciated  condition,  it  is  easily  defined  by 
palpation ;  its  contour  may  indeed  be  quite  evident  to  the  eye.  It 
terminates  in  front  at  the  anterior  superior  spine  which  is  a  valuable 
landmark  in  taking  comparative  measurements  of  the  two  lower  limbs. 
The  crest  terminates  behind  in  the  posterior  superior  spine  (fig.  153), 
the  position  of  which  can  best  be  made  out  by  following  the  outer 
margin  of  the  bone  from  before  backwards  with  the  finger-tip ;  it  lies 
somewhat  less  than  a  hand's-breadth  from  the  middle  line,  at  the 
bottom  of  a  shallow  dimple  in  the  overlying  skin.  Its  position  closely 
corresponds  also  with  the  centre  of  the  posterior  part  of  the  sacro-iliac 
articulation  which  lies  to  its  inner  side  at  the  bottom  of  the  sacro-iliac 
recess ;  its  level  coincides  too  with  that  of  the  second  sacral  spine. 

The  fold  of  the  nates  at  its  inner  extremity  is  continuous  with  the 
intergluteal  sulcus  and  lies  from  three  to  four  inches  below  the  lower 
margin  of  the  gluteus  maximus  muscle.  It  extends  outwards  horizontally 
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below  the  tuber  ischii,  about  half-way  across  the  back  of  the  thigh 
it  becomes  very  indistinct,  and  is  lost  beneath  the  level  of  the  great 
trochanter.  As  it  passes  outwards  it  crosses  the  line  of  the  lower  border 
of  the  gluteus  maximus  a  little  beyond  its  mid-point,  and  terminates 


Posterior  Superior  Spine. 


Fold  of  the  Nates 


Adductor  Tubercle.  _. 


--Iliac  Crest. 


Trochanteric  Fossa. 


Tendon  of  the  Biceps  M. 


Head  of  the  Fibula. 


FIG.  152. — The  buttock  and  posterior  aspect  of  the  thigh  and  knee. 

over  the  muscle  some  two  or  three  inches  above  its  lower  border.  The 
distinctness  of  the  fold  of  the  nates  is  greatest  in  the  erect  attitude.  If 
the  thigh  be  slightly  flexed  the  fold  on  that  side  becomes  less  evident 
and  inclines  obliquely  downwards  and  outwards.  If  flexion  be  still 
further  increased  the  distinctness  of  the  fold  diminishes  still  more,  and 
it  is  no  longer  discernible  when  the  thigh  forms  a  right  angle  with  the 
trunk. 
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The  tuber  ischii  is  covered  by  the  lower  part  of  the  gluteus  maximus 
in  the  erect  attitude,  but  is  quite  uncovered  by  this  muscle  in  the  sitting 
posture.  The  subcutaneous  tissue  which  overlies  it  is  peculiar  in  being 
for  the  most  part  of  a  tough,  stringy  character,  and  evidently  plays  the 
part  of  a  cushion  beneath  this  bony  prominence. 

The  great  trochanter  is  another  important  landmark;  its  summit  lies 
about  a  hand's-breadth  below  the  iliac  crest,  and  very  nearly  midway 
between  the  anterior  superior  spine  and  the  tuber  ischii.  When  the 
thigh  is  very  slightly  flexed  the  summit  of  the  trochanter  just  touches  a 
line  connecting  these  two  points — Nelatons  Line.  Whenever  the  sum- 
mit of  the  trochanter  is  higher  than  this  line  it  may  be  taken  for 
granted  that  some  pathological  condition  is  present,  the  more  common 
being  dislocation  of  the  head  of  the  femur  backwards  and  upwards  on  to 
the  dorsum  ilii,  and  fractures — intra-  or  extra-capsular — of  the  femoral 
neck. 

Bryant's  Line  represents  the  vertical  distance  between  a  circum- 
ferential line  passing  around  the  pelvis  at  the  level  of  the  anterior 
superior  spine  and  the  summit  of  the  great  trochanter.  The  ilio- 
trochanteric  line  of  Farabceuf  is  found  by  connecting  the  posterior  superior 
spine  of  the  ilium  with  the  posterior  superior  angle  of  the  great  trochanter. 
It  corresponds  fairly  accurately  with  the  interspace  between  the  gluteus 
medius  and  pyriformis  muscles  (fig.  153),  and  the  junction  of  its  inner  and 
middle  thirds  forms  a  reliable  surface  guide  to  the  point  at  which  the 
gluteal  artery  emerges  from  the  pelvis.  Another  guide  to  this  artery  is 
obtained  by  connecting  the  posterior  superior  spine  of  the  ilium  to  the 
middle  point  of  the  interval  which  separates  the  tuber  ischii  from  the 
great  trochanter  (Lizars,  Harrison).  The  junction  of  the  upper  and 
middle  thirds  of  this  line  overlies  the  artery  ;  the  junction  of  its  lower 
and  middle  thirds  corresponds  to  the  point  of  emergence  of  the  great 
sciatic  nerve  from  the  great  sacro-sciatic  foramen.  Under  normal 
conditions  the  great  trochanter  can  be  grasped  between  the  fingers  and 
thumb  and  its  anterior  and  posterior  borders  defined,  especially  the  latter. 

The  trochanteric  fossa  or  surface  depression  behind  the  trochanter 
overlies  the  posterior  aspect  of  the  neck  of  the  femur  and  the  hip-joint. 
As  a  rule  the  tips  of  the  fingers  can  be  thrust  in  deeply  in  the  direction 
of  this  fossa,  but  in  some  cases  of  fracture  of  the  neck  of  the  femur, 
notably  those  which  are  '  extracapsular '  and  impacted,  the  trochanteric 
mass  is  greatly  increased  in  size,  and  the  fossa  just  mentioned  is  more  or 
less  obliterated. 

Between  the  summit  of  the  trochanter  and  the  iliac  crest  the  tissues 
are  normally  tense  and  cannot  be  easily  depressed  as  the  fascia  lata  is 
tightly  stretched  across  the  interval.  By  abducting  the  thigh,  however, 
this  structure  is  relaxed,  and  the  upper  extremity  of  the  trochanter  is 
more  readily  defined. 

The  fulness  of  the  buttock  varies  with  the  age,  sex,  and  general 
development  of  the  individual.  In  infants  and  young  children  the  nates 
are  not  at  all  prominent.  In  adult  males  they  are  moderately  full, 
broad  and  firm  to  the  touch,  especially  when  the  gluteus  maximus  is 
made  to  contract.  In  females,  but  particularly  in  certain  dark  races,  the 
nates  are  very  prominent,  often  excessively  so,  in  consequence  of  the 
great  local  development  of  the  subcutaneous  fat. 
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The  degree  of  fulness  of  the  nates  is  modified  also  by  disease.  In 
the  course  of  arthritis  of  the  hip-joint  (inorbus  cox(B)  the  gluteal  muscles 
waste,  the  prominence  of  the  nates  is  much  diminished,  and  the  affected 
side  appears  flattened  ;  the  fold  of  the  nates  is  to  a  large  extent  obliter- 
ated also.  This  last  is  due,  no  doubt,  mainly  to  the  flexed  attitude  of  the 
thigh,  which  is  a  characteristic  feature  of  the  disease,  but  it  is  probably 
accounted  for  to  some  extent  also  by  the  atrophy  of  the  gluteal  muscles. 

An  abnormal  fulness  of  the  nates  is  occasionally  a  manifestation  of 
some  pathological  state,  such  as  an  abscess  beneath  the  gluteus  maximus, 
the  dislocated  head  of  the  femur,  or  a  new  growth. 

The  skin  in  the  gluteal  region  is  thick  and  coarse,  it  contains  a  large 
number  of  sebaceous  glands  and  is  a  not  uncommon  site  for  boils  or 
furuncles.  The  subcutaneous  tissue  in  this  locality  shows  a  greater 
development  of  fat  than  elsewhere  throughout  the  body.  Below  and 
internally  it  sends  a  deep  prolongation  inwards  which  occupies  the 
ischio-rectal  fossa,  and  it  is  in  direct  continuity  with  the  fatty  stratum 
which  separates  the  gluteus  maximus  from  the  deeper  muscles.  This 
latter,  in  turn,  communicates  with  the  intrapelvic  cellular  tissue  through 
the  great  sacro-sciatic  foramen,  and  with  the  deep  connective  tissue 
planes  at  the  back  of  the  thigh  along  the  course  of  the  great  sciatic 
nerve.  Through  the  lesser  sacro-sciatic  foramen,  also,  a  communication 
is  established  between  the  deep  gluteal  connective  tissue  and  that  of  the 
ischio-rectal  fossa  and  pelvic  cavity. 

The  subcutaneous  stratum  is  succeeded  by  one  which  is  partly 
muscular  and  partly  aponeurotic  in  character.  The  muscular  part  consists 
of  the  gluteus  maximus  and  the  tensor  fasciae  femoris ;  the  aponeurotic 
part  coincides  with  the  upper  part  of  the  fascia  lata  of  the  thigh. 

The  Gluteus  Maximus  Muscle  has  a  rhomboidal  outline  and  is  the  most  massive  layer 
of  muscle  in  the  body.  It  takes  origin  from  the  posterior  part  of  the  outer  lip  of  the  iliac  crest 
and  from  the  outer  aspect  of  the  ilium  between  this  and  the  superior  curved  line,  from  the 
aponeurosis  of  the  erector  spinse,  from  the  side  of  the  sacrum  and  coccyx,  and  from  the  posterior 
aspect  of  the  great  sacro-sciatic  ligament.  Its  large  fleshy  fasciculi  are  directed  downwards  and 
outwards  and  obtain  insertion  superiorly  into  the  fascia  lata  of  the  thigh — this  tendinous  part  of 
the  muscle  overlies  the  outer  surface  of  the  great  trochanter.  Its  lower  part  is  inserted  into  a 
rough  area  on  the  back  of  the  femur  between  the  great  trochanter  and  the  linea  aspera,  and  to 
some  extent  also  into  the  fascia  lata. 

The  Tensor  Fasciae  Femoris  arises  from  the  anterior  part  of  the  outer  lip  of  the  iliac  crest 
and  from  part  of  the  bone  below  this.  Its  fibres  pass  obliquely  downwards  and  backwards  and 
are  inserted  into  the  fascia  lata,  which  splits  to  receive  them  a  short  distance  below  the  level  of  the 
summit  of  the  great  trochanter.  This  part  of  the  fascia  lata,  which  is  very  strong,  is  known  as 
the  ilio-tibial  band  and  is  attached  below  to  the  outer  tuberosity  of  the  head  of  the  tibia. 

The  Fascia  Lata,  — The  interval  between  these  muscles,  which  is  greatest  at  the  iliac  crest, 
quickly  narrows,  the  adjacent  margins  of  the  muscles  eventually  meeting  in  front  of  the 
trochanter  at  an  angle  of  about  60°,  and  it  is  occupied  by  the  upper  part  of  the  fascia  lata,  which  is 
very  strong  here  and  of  a  pearly  white  colour.  This  fascia  is  attached  above  to  the  outer  border 
of  the  iliac  crest ;  in  front,  it  splits  to  enclose  the  fleshy  fibres  of  the  tensor  fasciae  femoris,  and 
is  continued  inferiorly  into  the  ilio-tibial  band.  Behind,  it  fuses  in  part  with  the  tendon  of  the 
gluteus  maximus,  and  in  part  splits  into  two  laminae  which  enclose  the  fleshy  mass  of  this  muscle. 
By  its  deep  aspect  it  gives  origin  to  certain  of  the  fibres  of  the  gluteus  medius  muscle. 

Structures  beneath  the  Gluteus  Maximus. — The  removal  of  the  gluteus  maximus  muscle 
entails  the  division  of  the  vessels  and  nerves  which  pierce  its  deep  surface.  The  blood-vessels 
are  branches  of  the  gluteal  and  sciatic  arteries,  and  the  nerves  proceed  in  part  direct  from  the 
sacral  plexus  —  inferior  gluteal  nerve  —  and  in  part  from  the  small  sciatic  nerve  —  inferior 
ghiteal  branches, 

In  addition  to  a  quantity  of  loose  fatty  and  areolar  tissue,  the  following  parts  are  exposed  on 
turning  aside  the  muscle,  (i)  Two  bony  prominences,  viz.,  the  great  trochanter  and  the  tuber 
ischii,  between  each  of  which  and  the  muscle  a  bursa  is  situated.  Another  bursa  intervenes 
between  the  gluteus  maximus  and  the  outer  tendinous  surface  of  the  vastus  externus  muscle. 
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FIG.  153. — Dissection  of  the  gluteal  region  and  the  ischio-rectal  fossa  on  the  leftside.  Thegluteus 
maximus  muscle  has  been  reflected  in  the  greater  part  of  its  extent,  and  the  structures 
related  to  its  deep  aspect  are  represented  in  the  figure.  Observe  the  superficial  division  of 
the  gluteal  artery  emerging  from  the  pelvis  above  the  pyriformis,  also  the  great  and  lesser 
sciatic  nerves,  the  sciatic  artery,  the  internal  pudic  nerve,  the  internal  pudic  artery,  and 
the  nerve  to  the  obturator  internus  appearing  in  the  angular  interval  between  this  muscle 
and  the  great  sacro-sciatic  ligament.  The  fatty  tissue  has  been  removed  from  the  ischio- 
rectal  fossa  in  order  to  show  the  inferior  hsemorrhoidal  vessels  and  nerves.  Note  the 
summit  of  the  great  trochanter  and  the  arrangement  of  the  muscles  which  are  attached  to  it. 
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(2)  A  series  of  muscles  which  are  arranged  in  the  following  order  from  above  downwards  :  (a) 
part  of  the  gluteus  medius — the  upper  part  of  this  muscle  lies  subjacent  to  the  dense  fascia  lata 
described  above — which  in  tuin  overlies  the  gluteus  minimus  muscle  (figs.  153  and  154);  (6)  the 
pyriformis  muscle,  which  is  directed  downwards  and  outwards  from  the  great  sacro-sciatic 
foramen  to  the  great  trochanter,  tapering  rapidly  into  a  small  round  tendon.  Below  this  muscle, 
and  upon  a  somewhat  deeper  plane,  come  (c )  the  obturator  internus,  flanked  by  the  two  gemelli, 
(cf)  the  quadratus  femoris,  (e)  the  hamstring  muscles  arising  from  the  tuber  ischii,  (/)  the  upper  part 
of  the  adductor  magnus  muscle,  and  (g)  the  vastus  externus  muscle.  (3)  The  great  sacro-sciatic 
ligament.  This  structure  is  situated  at  the  lower  and  inner  part  of  the  gluteal  region,  and  con- 
sists of  a  stout  flattened  ligamentous  band,  broad  at  its  two  extremities,  but  somewhat  constricted 
at  its  centre.  It  is  attached  above  and  internally  to  the  posterior  part  of  the  iliac  crest,  the 
posterior  superior  spine,  and  the  back  of  the  sacrum  and  coccyx.  Below  and  externally  it  is 
attached  to  the  sharp  bony  margin  on  the  inner  aspect  of  the  tuber  ischii  and  to  the  ramus  of 
the  ischium.  In  conjunction  with  the  lesser  sacro-sciatic  ligament,  which  stretches  from  the 
spine  of  the  ischium  to  the  lower  part  of  the  side  of  the  sacrum  and  the  side  of  the  coccyx,  it  helps 
to  convert  the  deep  notch  between  the  sacrum  and  coccyx  on  the  one  hand,  and  the  os  in- 
nominatum  on  the  other,  into  two  ring-like  apertures,  termed  respectively  the  great  and  lesser 
sacro-sciatic  foramina. 

The  Great  Sacro-Sciatic  Foramen  is  bounded  above  and  in  front  by  the  lower  border  of  the 
ilium,  behind  by  the  anterior  border  of  the  great  sacro-sciatic  ligament,  below  by  the  upper 
border  of  the  lesser  sacro-sciatic  ligament  and  the  ischial  spine. 

The  Lesser  Sacro-Sciatic  Foramen  is  bounded  behind  by  the  upper  border  of  the  great 
sacro-sciatic  ligament,  above  by  the  lower  border  of  the  lesser  sacro-sciatic  ligament,  and  in 
front  by  the  ischium. 

(4)  Certain  blood-vessels  and  nerves.  The  greater  number  of  these  traverse  the  great 
sacro-sciatic  foramen  on  their  way  to  and  from  the  pelvic  cavity,  and  as  the  pyriformis  also 
escapes  through  this  large  aperture  it  is  usual  to  divide  the  vessels  and  nerves  into  two  groups, 
one  of  which  is  situated  above,  the  other  below  this  muscle. 

(A)  Above  the  pyriformis  are  situated  the  gluteal  vessels  and  the  superior  gluteal  nerve.    The 
gluteal  artery  is  the  largest  of  the  branches  of  the  posterior  division  of  the  internal  iliac.     Having 
emerged  through  the  upper  part  of  the  great  sacro-sciatic  foramen  it  breaks  up  into  a  superficial 
and  a  deep  division.     The  former   is  distributed  to  the  deep  surface  of  the  gluteus  maximus, 
the  latter  is  found  between  the  gluteus  medius  and  minimus,  and  is  usually  represented  by  two 
stout  branches  which  are  directed  outwards  between   these  muscles  (fig.   154).     The   branches 
of  the  gluteal  artery  anastomose  freely  with  the  other  arteries  in  the  neighbourhood,  viz. ,  with 
the  deep  circumflex  iliac  (external  iliac)  in  the  vicinity  of  the  iliac   crest,  with  the  external 
circumflex  (profunda  femoris)  in  front,  beneath  the  tensor  fasciae  femoris,  and  with  the  sciatic 
artery  below. 

The  superior  gluteal  nerve  comes  from  the  sacral  plexus  and  is  derived  from  the  fourth  and 
fifth  lumbar  and  first  sacral  nerves ;  it  supplies  the  gluteus  medius  and  minimus  and  the  tensor 
fasciae  femoris  muscle. 

(B)  Below  the  pyriformis  muscle.     The  important  vessels  and  nerves  which  are  closely 
grouped  together  at  this  level  emerge  from  the  pelvis  at  the  apex  of  a  triangular  interval  which  is 
bounded  internally  by  the  falciform  edge  of  the  great  sacro-sciatic  ligament,  externally  by  the 
lower  margin  of  the  pyriformis  muscle,  and  below  by  the  lower  margin  of  the  quadratus  femoris 
(fig.   153).     They  are  the  sciatic  artery  with  its  companion  veins,  the  great  and  small  sciatic 
nerves,  and  the  nerve  to  the  quadratus  femoris.     In  addition  to  these,  but  hidden  to  some  extent 
beneath  the  outer  border  of  the  great  sacro-sciatic  ligament,  the  internal  pudic  vessels  and  nerve 
and  the  nerve  to  the  obturator  internus  muscle,  having  emerged  from  the  great  sacro-sciatic 
foramen,  cross  the  spine  of  the  ischium  and  the  lesser  sacro-sciatic  ligament,  and  re-enter  the 
pelvis  through  the  lesser  sacro-sciatic  foramen.     This  part  of  their  course  is  clearly  represented  in 
fig.  154,  in  which  the  great  sacro-sciatic  ligament  has  been  divided. 

The  Sciatic  Artery  is  the  largest  of  the  branches  of  the  anterior  division  of  the  internal  iliac 
artery.  In  the  gluteal  region  its  main  portion,  which  is  accompanied  by  two  large  veins,  is 
directed  with  the  great  sciatic  nerve  to  the  interval  between  the  great  trochanter  and  the 
tuber  ischii.  Its  principal  branches  are  distributed  to  the  muscles  in  its  immediate  vicinity,  and 
it  forms  a  series  of  anastomoses  with  the  gluteal,  internal  circumflex,  external  circumflex,  and  first 
perforating  arteries.  A  slender  branch — comes  nervi  ischiadici — accompanies  the  great  sciatic 
nerve  down  the  back  of  the  thigh  and  anastomoses  with  the  two  circumflex  arteries  and  with  the 
perforating  branches  of  the  profunda  femoris  artery. 

The  Great  Sciatic  Nerve.  The  nerves  which  enter  into  the  composition  of  the  sacral  plexus, 
viz.,  part  of  the  4th  lumbar  N,  the  5th  lumbar  N,  and  the  1st,  2nd,  and  3rd  sacral  nerves,  converge 
and  fuse  near  the  lower  part  of  the  great  sacro-sciatic  foramen,  the  result  being  a  broad  flattened 
band,  somewhat  triangular  in  outline.  The  apical  portion  of  this  band  becomes  the  great 
sciatic  nerve,  which  is  the  largest  nerve  in  the  body,  and  in  its  downward  course  to  the  back 
of  the  thigh  it  .is  situated  very  nearly  midway  between  the  tuber  ischii  and  the  great  trochanter. 
A  little  below  the  middle  of  the  thigh  it  divides  into  the  internal  and  external  popliteal 
nerves. 
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The  Internal  Pudic  Vessels  and  nerve  have  been  already  dealt  with  in  connection  with  the 
applied  anatomy  of  the  perineum.  .  , 

The  tendon  of  the  Obturator  Externus  muscle  is  found  deeply  hidden  m  the  interval  which 
separates  the  inferior  gemellus  from  the  quadratus  femoris,  its  direction  being  towards  the 

Pyriformis  M.  Gluteal  Art.  (Superficial  Division). 
Gluteal  Art.  (Deep  Division).       |  1 
Gluteus  Minimus  M. 
Gluteus  Medius  M. 

Great  Sacro-sciatic  Ligament. 


Pad  of  Fat  in  the  Ischio-rectal  Fossa. 
Branch  of  the  Internal  Circumflex  Art.        !  '     i    .        . 

First  perforating  Artery.  !     '    Inferior  Haemorrhoidal  Art. 

Lesser  Trochanter.    .'  ,    •      Inferior  Haemorrhoidal  N. 

Obturator  Externus  M.  \\\  Internal  Pudic  Art. 

Obturator  Internus  M.  XTInternal  Pudic  N" 

Nerve  to  Obt.  Internus  M. 

FIG.  154. — Deep  dissection  of  the  gluteal  region  and  the  ischio-rectal  fossa.  Both  the  gluteus 
maximus  and  gluteus  medius  muscles  have  been  removed,  and  the  great  sacro-sciatic  liga- 
ment has  been  divided  in  order  to  provide  an  uninterrupted  view  of  the  ischio-rectal  fossa 
in  the  posterior  part  of  its  extent,  and  the  vessels  and  nerves  which  are  in  relation  to  it. 
The  extent  of  the  pelvic  diaphragm  in  the  backward  direction,  too,  is  clearly  represented 
here.  It  is  seen  to  consist  from  above  downwards  of  the  lesser  sacro-sciatic  ligament, 
the  coccygeus  and  levator  ani  muscles.  Note  the  position  of  the  lesser  trochanter,  also  the 
branch  of  the  internal  circumflex  artery  and  the  deeply  hidden  obturator  externus  muscle  at 
its  upper  border.  The  first  perforating  artery  is  seen  lower  down.  The  outward  sweep  of 
the  obturator  internus  muscle  from  the  pelvis,  and  the  gemelli  muscles  by  which  its  tendon 
is  flanked  should  also  be  noted. 

trochanteric  fossa  upon  the  inner  aspect  of  the  great  trochanter,  into  the  bottom  of  which  it  is 
inserted. 

A   small   artery,    the  ascending  branch   of  the   internal  circumflex,  appears  between   the 
quadratus  femoris  and  the  inferior  gemellus,  while  still  further  down,  viz.,  between  the  contiguous 
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margins  of  the  quadratus  femoris  and  the  adductor  magnus,  the  terminal  branch  of  the  internal 
circumflex  artery  makes  its  appearance  at  the  back  of  the  limb.  An  important  communication 
between  the  arteries  at  this  level,  i.e.  the  sciatic,  internal  and  external  circumflex,  and  first 
perforating,  is  sometimes  referred  to  as  the  '  crucial  anastomosis. ' 

The  superior  and  posterior  aspects  of  the  hip-joint  and  neck  of  the  femur  are  overlaid  by  the 
gluteus  minimus,  pyriformis,  obturator  internus  and  gemelli  muscles,  and  by  the  tendon  of  the 
obturator  externus. 

The  muscular  attachments  of  the  Great  Trochanter. — A  brief  allusion  to  the  muscular 
attachments  of  the  great  trochanter  is  necessary,  in  view  of  the  importance  which  they  possess  in 
connection  with  the  operative  surgery  of  the  hip-joint,  (i)  The  glutens  medius  is  inserted  into- 
an  oblique  ridge  which  extends  in  diagonal  fashion  from  the  posterior  superior  to  the  anterior 
inferior  angle  on  the  outer  surface  of  the  trochanter.  (2)  The  glutens  miniums  is  inserted  into 
an  irregular  impression  upon  the  anterior  aspect  of  the  trochanter.  (3)  The  pyriformis  tendon 
is  inserted  into  a  small  facet  near  the  front  part  of  the  upper  border  of  the  trochanter.  (4)  The 
obturator  interims  and  the  gemelli  are  inserted  by  means  of  a  stout  tendon  into  a  depression 
upon  the  inner  aspect  of  the  trochanter,  close  to  the  upper  border  of  the  neck  of  the  femur,  above 
and  in  front  of  the  digital  or  trochanteric  fossa.  This  tendon  is  closely  connected  with  that  of 
the  pyriformis  muscle  close  to  its  insertion.  (5)  The  obturator  externus  muscle  ends  in  a  tendon 
which,  as  it  passes  to  its  insertion  into  the  digital  fossa  upon  the  inner  surface  of  the  trochanter, 
is  successively  related  to  the  lower  and  back  part  of  the  capsule  of  the  hip-joint  and  the  posterior 
aspect  of  the  neck  of  the  femur.  (6)  The  quadratus  femoris  muscle  is  inserted  into  a  vertical 
ridge,  the  upper  part  of  which  coincides  with  the  mid-point  of  the  posterior  intertrochanteric 
crest. 

The  gluteus  maximus  muscle  obtains  its  bony  insertion  into  the  upper  and  posterior  part  of 
the  shaft  of  the  femur  immediately  below  the  great  trochanter.  The  upper  division  of  the  muscle, 
which  is  inserted  into  the  fascia  lata  of  the  thigh,  is  closely  applied  against  the  outer  surface  of 
the  trochanter,  the  trochanteric  bursa  intervening. 

Wounds  in  the  Gluteal  Region. — Deep  wounds  in  thegluteal  region, 
produced  by  sharp  penetrating  instruments  or  resulting  from  gunshot 
injuries,  may  readily  implicate  certain  of  the  intrapelvic  structures.  The 
path  of  the  wound  in  these  cases  is  usually  directed  from  behind  the 
great  trochanter  through  the  great  sacro-sciatic  foramen  into  the  pelvis, 
and  the  parts  most  liable  to  injury  are  the  ureter  and  the  bladder. 
Attention  has  been  drawn  to  this  fact  already  in  connection  with  the 
applied  anatomy  of  this  viscus — the  close  proximity  of  both  the  bladder 
and  ureter  to  the  great  sacro-sciatic  foramen  is  strikingly  demonstrated 
in  fig.  143.  A  urinary  fistula  in  the  gluteal  region  is  readily  explained 
by  these  relationships.  A  wound  of  the  rectum  followed  by  a  faecal  fistula 
is  also  a  possibility.  Should  the  gluteal  artery  be  partially  divided,  the 
inevitable  result  will  be  a  diffuse  haemorrhage  beneath  the  gluteus 
maximus  muscle  and  the  subsequent  development  of  a  traumatic 
aneurysm.  Wound  of  the  great  sciatic  nerve  is  also  a  possibility  and 
will  be  manifested  by  paralysis  and  loss  of  sensation  of  the  parts 
which  it  supplies. 

Gluteal  Abscesses. — Apart  from  the  limited  degree  of  suppuration 
which  attends  boils  in  the  gluteal  region,  collections  of  pus  originating 
primarily  in  the  subcutaneous  tissue  of  this  region  are  rare.  Much  more 
commonly  they  are  situated  beneath  the  gluteus  maximus  muscle,  having 
made  their  way  outwards  from  the  pelvis  through  the  great  sacro-sciatic 
foramen,  or  from  the  hip-joint  through  an  opening  in  the  back  of  the 
capsule.  Occasionally  the  abscess  has  its  origin  in  the  deeper  planes  of 
tissue  which  separate  the  gluteal  muscles  and  may  possibly  be  the  result 
of  a  penetrating  wound.  Such  collections  of  pus  cause  a  prominence 
of  the  gluteus  maximus  and  of  the  superficial  tissues,  the  nates  appearing 
fuller  than  normal  on  that  side  and  the  skin  smooth  and  glossy.  These 
deep  abscesses  tend  as  a  rule  to  gravitate  downwards  and  point  beneath 
the  lower  border  of  the  gluteus  maximus,  obliterating  the  fold  of  the 
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nates  and  projecting  beside  the  anus.  The  pus  has  been  observed  in 
some  instances  to  follow  the  course  of  the  great  sciatic  nerve  down  the 
back  of  the  thigh  and  eventually  to  point  at  the  back  of  the  knee. 

Sciatic  Herniae. — Hernial  protrusions  occasionally  make  their  way 
from  the  pelvis  through  the  great  or  lesser  sacro-sciatic  foramen,  and  may 
give  rise  to  an  alteration  in  the  contour  of  the  gluteal  region,  varying 
from  a  slight  fulness  to  a  tumour  of  considerable  proportions  overhanging 
the  upper  part  of  the  thigh.  The  most  frequent  site  for  a  sciatic  hernia 
is  at  the  upper  border  of  the  pyriformis  muscle,  beneath  the  highest  part 
of  the  rim  of  the  great  sacro-sciatic  foramen.  A  hernia  through  the 
lower  part  of  the  foramen,  i.e.  below  the  pyriformis  muscle,  would  appear 
to  be  an  accident  of  extreme  rarity  ;  some  few  undoubted  examples  have 
been  observed,  however,  at  the  site  of  the  lesser  sacro-sciatic  foramen. 
In  the  latter  case  the  hernia  first  bulges  between  the  fibres  of  the  levator 
ani  muscle  and  occupies  the  deep  posterior  recess  of  the  ischio-rectal 
fossa  ;  it  then  has  its  further  course  directed  with  the  obturator  internus 
muscle  through  the  lesser  sacro-sciatic  foramen  to  the  giuteal  region. 

As  a  rule  sciatic  herniae  do  not  attain  large  dimensions,  in  fact  there 
may  not  be  any  external  fulness  to  indicate  their  presence.  The  hernial 
sac  is  deeply  placed  beneath  the  gluteus  maximus,  and  when  situated,  as 
is  usual,  above  the  pyriformis  muscle  it  has  the  branches  of  the  gluteal 
artery  spread  out  over  its  exterior,  the  superior  gluteal  nerve  being  pushed 
to  one  side.  Should  the  protrusion  continue  to  increase  in  size  it  will 
eventually  emerge  from  beneath  the  lower  border  of  the  gluteus  maximus, 
and  may  even  project  as  a  pedunculated  mass  at  the  root  of  the 
thigh. 

The  contents  of  these  herniae  vary  ;  they  have  been  observed  to  consist 
of  the  ovary,  or  of  the  ovary  with  the  Fallopian  tube,  a  diverticulum  of 
the  bladder,  or  a  coil  of  intestine. 

The  neck  of  the  sac  is  usually  situated  in  the  angle  between  the 
internal  iliac  artery  and  its  obturator  branch,  viz.,  at  that  part  of  the  side 
wall  of  the  pelvis  which  in  the  female  has  been  described  as  the  fossa 
ovarica  (Waldeyer).  Sciatic  hernias,  too,  are  more  common  in  females — 
multiparae  especially — than  in  males,  and  upon  the  right  than  upon  the 
left  side. 

In  view  of  the  anatomical  relationships  of  these  herniae,  the  proper 
course  to  adopt  in  the  event  of  herniotomy  being  called  for  is  (i)  to  make 
the  superficial  incision  in  the  direction  of  the  fibres  of  the  gluteus 
maximus,  viz.,  downwards  and  outwards  along  the  '  ilio-trochanteric  line,' 
to  separate  the  fibres  of  the  muscle  and  retract  them  as  fully  as  possible ; 
(2)  to  define  the  sac  by  a  process  of  careful  dissection ;  (3)  to  free  any 
constriction  that  exists  sufficient  to  cause  strangulation,  or  interfere  with 
the  reduction  of  the  contents  of  the  sac,  downwards  and  outwards, 
parallel  to  the  fibres  of  the  pyriformis  muscle,  this  being  the  direction 
in  which  one  is  least  liable  to  encounter  the  larger  branches  of  the  blood- 
vessels and  the  nerves  which  emerge  from  the  great  sacro-sciatic 
foramen. 

Bursae  beneath  the  Gluteus  Maximus.— Of  the  bursae  which  are 
related  to  the  deep  aspect  of  the  gluteus  maximus,  those  which  overlie 
the  tuber  ischii  and  the  outer  surface  of  the  great  trochanter  are  most 
deserving  of  note. 
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The  bursa  beneath  the  tuber  ischii  is  sometimes  enlarged  in  men 
whose  occupation  entails  constant  sitting  upon  a  hard  surface — coachmen, 
draymen.  The  enlargement  in  this  case  appears  to  be  due  most 
commonly  to  excessive  thickening  of  the  bursal  wall  by  layers  of  tough 
fibrous  tissue  arranged  in  concentric  laminae,  the  bursal  cavity  itself 
presenting  but  little  increase  in  size.  Should  the  swelling  be  so  large  as 
to  cause  inconvenience,  its  removal  would  be  indicated,  the  entire  mass 
being  freely  excised. 

The  trochanteric  bursa  is  not  infrequently  the  seat  of  inflammation — 
peritrochanteritis — of  a  chronic  nature,  and  probably  tubercular  in  origin. 
It  may  terminate  in  suppuration,  i.e.  a  chronic  abscess,  the  subsequent 
evacuation  of  which  is  very  apt  to  be  followed  by  a  persisting  sinus.  The 
probable  cause  of  the  latter  is  the  incessant  movement  which  takes  place 
between  the  strap-like  tendon  of  the  gluteus  maximus  and  the  outer 
surface  of  the  trochanter,  for  it  is  found  that  healing  proceeds  rapidly, 
as  a  rule,  if  the  tendon  be  divided  and  the  parts  kept  at  rest.  Disease  of 
this  bursa  has  been  followed  by  caries  of  the  great  trochanter,  and  vice 
versa. 

Blood-vessels  and  Anastomoses  in  the  Gluteal  Region. — Owing  to 
the  free  anastomoses  which  take  place  between  the  arteries  in  the  gluteal 
region  and  those  of  the  adjoining  districts,  a  series  of  inosculations  is 
established  between  the  branches  of  the  external  and  internal  iliac 
arteries  above,  and  those  of  the  femoral  and  profunda  below.  Thus,  in  the 
vicinity  of  the  iliac  crest,  the  ilio-lumbar  (int.  iliac],  deep  circumflex  iliac 
(ext.  iliac),  and  superficial  circumflex  iliac  arteries  {femoral)  anastomose 
with  the  gluteal  (int.  iliac}.  The  gluteal  artery,  in  turn,  anastomoses  with 
the  sciatic,  and  this  latter  vessel  with  the  external  circumflex,  the  internal 
circumflex,  and  the  first  perforating  branch  of  the  profunda  femoris  artery 
— crucial  anastomosis.  An  extremely  rare  abnormality  is  that  in  which 
the  femoral  artery  extends  from  the  gluteal  region  down  the  posterior 
aspect  of  the  thigh.  It  is  probable  that  in  these  cases  the  vessel  is  a 
greatly  enlarged  sciatic  artery.  A  small  branch  of  this  latter — comes 
arteria  nervi  ischiadici — normally  accompanies  the  great  sciatic  nerve 
down  the  back  of  the  thigh,  and  an  unusual  development  of  this  minute 
vessel  may  possibly  account  for  the  condition  just  described. 

A neurysms  of  the  gluteal  and  sciatic  arteries  may  be  either  traumatic 
or  spontaneous  in  origin.  The  gluteal  is  the  vessel  much  more  commonly 
affected,  the  usual  site  for  the  aneurysm  being  the  upper  part  of  the  great 
sacro-sciatic  foramen.  It  may  attain  very  considerable  dimensions, 
approaching  in  volume  that  of  a  child's  head,  being  accompanied  at  the 
same  time  by  strong  pulsation. 

Further  references  to  the  applied  anatomy  of  the  gluteal  region  will 
be  found  included  in  the  section  dealing  with  the  hip-joint. 
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THE  THIGH. 

Topography  and  Superficial  Anatomy. — Thej  upper  limit  of  the 
thigh  is  indicated  in  front  by  the  fold  of  the  groin,  the  direction  of 
which  coincides  with  that  of  Poupart's  ligament,  which  it  immediately 
overlies,  and  which  can  usually  be  recognised  by  touch ;  behind,  it 


Anterior  Superior  Spine  of  the  Ilium. i_- 


Centre  of  Poupart's  Ligament. 


Vastus  Externus  M 


Outer  Tuberosity  of  the  Tibia JH 

Head  of  the  Fibula. 


Tendon  of  Rectus  Femoris''M. 
Vastus  Internus  M. 


Ligamentum  Patellae. 
Tubercle  of  the  Tibia. 


FlG.  155. — Anterior  aspect  thigh  and  knee. 

corresponds  to  the  fold  of  the  nates;    below,  it  passes  insensibly  into 
the  region  of  the  knee. 

The  general  outline  of  this  segment  of  the  limb  is  conical,  and  the 
direction  of  its  long  axis  somewhat  oblique  from  above  downwards  and 
inwards.  The  degree  of  obliquity  varies  in  different  individuals,  but  is 
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usually  greater  in  females  than  in  males  owing  to  the  greater  propor- 
tional width  of  the  pelvis  (fig.  155).  In  females,  too,  the  general 
surface  of  the  thigh  is  smoother  and  more  uniformly  rounded  in  con- 
sequence of  the  large  amount  of  fatty  tissue  beneath  the  skin.  In  adult 
males  of  a  vigorous  type,  on  the  other  hand,  the  well  developed  muscles 
stand  out  in  relief,  rendering  the  surface  somewhat  uneven.  Their  contour 
is  sometimes  very  distinct  at  the  upper  and  anterior  part  of  the  thigh 
(subinguinal  region],  especially  when  the  limb  is  slightly  flexed  and 
rotated  outwards.  In  this  attitude  the  surface  for  some  few  inches  below 
Poupart's  ligament  presents  a  flattened  appearance,  it  may  even  be 
slightly  depressed  at  its  centre.  From  the  lower  part  of  this  flattened 
area  two  muscular  prominences  gradually  diverge  in  an  upward  direction  ; 
the  inner  corresponds  to  the  pectineus  and  adductor  muscles,  the 
adductor  longus  especially,  the  inner  margin  of  which  is  very  distinct 
and  will  be  found  to  terminate  above  in  a  round  tendon  close  to  the 
pubic  spine.  The  outer  projection  is  caused  by  the  sartorius  muscle, 
which  inclines  upwards  and  outwards  across  the  ilio-psoas  muscle  to  the 
anterior  superior  spine  of  the  ilium  and  is  rendered  very  distinct  when 
a  forcible  effort  is  made  to  lift  the  limb  while  it  is  in  the  position  of 
outward  rotation.  The  area  included  between  these  muscles  is  commonly 
known  as  Scarpds  Triangle  or  the  subinguinal  region  of  the  thigh  ;  it  is 
sometimes  crossed  by  a  superficial  groove  or  furrow,  which,  commencing 
internally  at  the  level  of  the  pubic  spine,  passes  outwards  with  a  hori- 
zontal direction,  and  disappears  about  midway  between  the  anterior 
superior  spine  and  the  summit  of  the  great  trochanter  (Holden) ;  it 
crosses  in  front  of  the  hip-joint,  opposite  the  lower  ^margin  of  the  head 
of  the  femur,  but  is  not  always  very  evident.  Within  the  confines 
of  Scarpa's  triangle,  also,  the  pulsations  of  the  femoral  artery  can  be 
felt,  and  in  spare  individuals  they  are  usually  quite  visible ;  the  super- 
ficial lymphatic  glands,  too,  are  often  recognisable  to  touch,  even 
though  they  present  no  enlargement.  In  forced  extension  of  the  thigh, 
but  more  especially  if  this  attitude  is  combined  with  outward  rota- 
tion, the  head  of  the  femur  projects  against  the  front  of  the  capsule, 
and  a  slight  fulness  appears  below  and  to  the  outer  side  of  the  centre  of 
Poupart's  ligament. 

Outside  the  area  of  Scarpa's  triangle  a  second  triangular  interval 
may  sometimes  be  made  out  upon  the  front  of  the  thigh  ;  in  contrast 
with  the  former,  however,  its  base  is  directed  downwards,  and  its  apex 
upwards  towards  the  anterior  superior  spine.  It  is  bounded  by  the  outer 
margin  of  the  sartorius  muscle  internally,  by  the  anterior  margin  of  the 
tensor  fasciae  femoris  externally,  and  its  floor  is  formed  by  the  rectus 
femoris  muscle  —  the  relative  positions  of  these  muscles  are  clearly 
indicated  in  fig.  158.  The  outer  of  these  triangular  spaces  possesses 
some  surgical  importance,  as  it  is  here  that  the  incision  is  usually  made 
when  the  hip-joint  is  approached  from  the  front — see  Excision  of  the 
Hip,  p.  630. 

A  shallow  groove  may  often  be  seen  extending  from  the  apical 
extremity  of  Scarpa's  triangle  along  the  inner  aspect  of  the  thigh  in  the 
direction  of  the  inner  condyle  of  the  femur,  especially  in  the  flexed  and 
abducted  position  of  the  limb ;  it  indicates  the  interval  between  the 
vastus  internus  on  the  outside,  the  adductor  longus  and  magnus  on  the 
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inside.  The  second  or  vertical  stage  of  the  sartorius  muscle  descends 
within  this  groove,  and  its  direction  corresponds  also  to  that  part  of  the 
femoral  artery  which  is  contained  within  Hunter's  Canal. 

The  central  segment  of  the  thigh  is  not  characterised,  as  a  rule, 
by  any  very  evident  degree  of  distinctness  in  the  outlines  of  its  muscles. 
The  contour  of  its  lower  segment,  however,  is  very  markedly  influenced 
by  the  rectus  in  front  as  it  approaches  the  upper  border  of  the  patella, 
and  by  the  vastus  internus  and  externus,  which  project  respectively  upon 
its  antero-internal  and  antero-external  aspects  (fig.  156).  At  the  back 
of  the  thigh,  the  hamstring  muscles  are  closely  grouped  together  in  its 


Vastus  Internus  M. 
Inner  Condyle  of  the  Femur. 


Tendon  of  Tibialis 
Tendon  of  Tibialis  Po 


FIG.  156. — The  inner  aspect  of  the  lower  limb. 

upper  two-thirds  and  form  a  prominent  mass,  but  as  they  approach 
the  knee  they  diverge,  and  the  tendon  of  the  biceps  especially  becomes 
very  distinct,  forming,  as  it  does,  the  upper  and  outer  boundary  of  the 
popliteal  space. 

A  shallow  vertical  groove  is  often  seen  on  the  outer  and  posterior 
aspect  of  the  thigh,  extending  from  the  insertion  of  the  gluteus  maximus 
to  the  outer  side  of  the  knee-joint ;  it  indicates  the  interval  between 
the  short  head  of  the  biceps  and  vastus  externus  muscles  (fig.  162). 
Along  this  line,  also,  the  skin  is  slightly  more  adherent  to  the  fascia  lata 
than  elsewhere,  and  the  latter,  in  addition,  sends  a  deep  process  inwards 
to  the  linea  aspera  of  the  femur — external  intermusadar  septum — 
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separating  the  flexor  from  the  extensor  group  of  muscles  (fig.  161). 
Along  this  outer  surface  of  the  thigh,  too,  the  depressibility  of  the  tissues 
is  very  slight,  especially  in  front  of  the  line  of  the  external  intermuscular 
septum ;  this  is  due  to  the  tension  of  the  very  strong  and  tendinous 
portion  of  the  fascia  lata,  which  stretches  from  the  crest  of  the  ilium  to 
the  outer  tuberosity  of  the  head  of  the  tibia,  and  is  known  as  the  ilio- 
tibial  band. 

The  skin  on  the  inner  surface  of  the  thigh  is  very  thin  and  smooth  ; 
in  front  and  externally,  however,  it  is  much  thicker  and  coarser.  It 
moves  freely  with  the  subcutaneous  tissue  over  the  deep  fascia,  but  is 
slightly  adherent  along  the  line  of  the  external  intermuscular  septum. 
The  lines  of  cleavage  of  the  skin  on  the  front  of  the  thigh  have  a  sloping 
direction  from  without  inwards,  parallel  to  Poupart's  ligament.  Incisions 
made  in  this  direction  consequently  are  easy  of  adjustment,  while  those 
which  pursue  a  more  vertical  course  show  a  marked  tendency  to  gape. 

The  Subcutaneous  Tissue  of  the  thigh  usually  contains  within  its  meshes  a  considerable 
amount  of  fat.  In  the  vicinity  of  Poupart's  ligament  it  is  arranged  in  two  strata,  which  are 
continuous  with  those  already  described  as  existing  over  the  lower  part  of  the  anterior  abdominal 
wall,  p.  385.  In  the  greater  part  of  its  extent  the  subcutaneous  tissue  can  be  separated  without 
difficulty  from  the  deep  fascia  or  fascia  lata,  which  is  much  more  dense  and  more  aponeurotic  in 
character.  At  one  point,  however,  the  difference  is  very  slight,  and  both  layers  resemble  each 
other  so  closely  that  they  are  very  apt  to  be  removed  together  by  mistake,  viz.,  over  a  small 
elliptical  area  at  the  upper  and  inner  part  of  the  thigh,  about  one  and  a  half  inches  below  and  to 
the  outer  side  of  the  pubic  spine,  where  the  long  saphenous  vein  passes  through  the  deep  fascia 
to  join  the  femoral  vein.  The  superficial  branches  of  the  femoral  artery  also  emerge  here,  and 
numerous  lymphatics  pass  from  the  superficial  to  the  deep  region  of  the  thigh.  This  loose  and 
somewhat  ill-defined  portion  of  the  fascia  lata  is  consequently  pierced  by  numerous  apertures  ;  it 
is  commonly  known  as  the  cribriform  fascia,  and  the  area  which  it  covers  as  the  saphenous 
opening.  It  should  be  understood,  however,  that  an  opening  in  the  strict  sense  of  the  term  does 
not  exist ;  it  is  entirely  an  artificial  production,  and  only  rendered  evident  by  dissection. 

The  superficial  branches  of  the  femoral  artery  are — ( I )  the  superficial  circumflex  iliac,  (2)  the 
superficial  epigastric,  and  (3)  the  superficial  external  pudic  (fig.  158).  These  small  arteries  are 
accompanied  by  corresponding  veins  which  join  the  long  saphenous  close  to  its  termination  and 
have  been  described  in  connection  with  the  superficial  anatomy  of  the  anterior  abdominal  wall, 

P-  385. 

The  Internal  or  Long  Saphenous  Vein  has  its  origin  at  the  inner  part  of  a  venous  arch 
which  is  found  upon  the  dorsum  of  the  foot.  It  ascends  in  front  of  the  inner  malleolus  and  along 
the  inner  aspect  of  the  leg  to  the  knee,  at  which  level  it  is  situated  opposite  the  posterior  part  of 
the  internal  condyle  of  the  femur  in  close  company  with  the  long  saphenous  nerve  (anterior  crural). 
From  this  it  extends  upwards  and  at  the  same  time  inclines  slightly  forwards  and  outwards  to  the 
saphenous  opening,  where,  having  pierced  the  cribriform  fascia  and  the  anterior  wall  of  the  femoral 
sheath,  it  joins  the  femoral  vein.  In  its  course  up  the  limb  it  receives  tributaries  on  all  sides,  and 
communicates  freely  with  the  deep  intermuscular  veins  by  branches  which  traverse  apertures  in 
the  deep  fascia.  In  the  thigh  two  of  its  tributaries,  larger  than  the  rest,  have  been  termed  the 
superficial  femoral  veins.  The  outer  of  these  ascends  from  the  outer  aspect  of  the  knee  and 
joins  the  saphenous  vein  close  to  the  apex  of  Scarpa's  triangle.  The  inner  superficial  femoral  or 
accessory  saphenous  vein  ascends  along  the  posterior  and  inner  aspects  of  the  thigh,  and  like  the 
former,  joins  the  saphenous  trunk  near  its  junction  with  the  femoral.  The  small  veins  which 
correspond  to  the  superficial  branches  of  the  femoral  artery  also  join  the  long  saphenous 
vein  opposite  the  saphenous  opening,  fig.  158. 

This  large  superficial  vein  contains  in  its  interior  from  eight  to  twenty  valves,  each  of  which 
is  made  up  of  two  segments  (bicuspid). 

The  Femoral  Lymphatic  Vessels  and  Glands. — The  larger  superficial  lymphatic  trunks 
accompany  the  long  saphenous  vein  and  join  the  superficial  femoral  glands  which  are  arranged  in 
a  vertical  direction  at  the  level  of  the  saphenous  opening  and  below  the  inguinal  glands  which  lie 
more  horizontally  just  below  and  parallel  to  the  line  of  Poupart's  ligament,  p.  389.  The  super- 
ficial femoral  glands  receive  the  greater  number  of  the  superficial  lymphatic  vessels  of  the  lower 
limb.  Some  of  the  lymphatics  from  the  front  and  outer  part  of  the  thigh,  however,  join  the 
outer  glands  of  the  inguinal  group,  and  the  superficial  lymphatics  of  the  upper  and  inner  part  of 
the  thigh  join  the  inner  or  pubic  glands  belonging  to  the  inguinal  group. 

The  deep  lymphatic  vessels  of  the  thigh  are  principally  directed  to  the  deep  femoral  glands. 
These  vary,  as  a  rule,  from  three  to  four  in  number,  and  are  situated  at  the  inner  side  of  the  femoral 


THE  THIGH  .  603 

vein  within  the  saphenous  opening  and  in  the  crural  ring.  They  receive  the  greater  number  of 
the  efferent  vessels  from  the  superficial  femoral  glands,  also  the  efferent  vessels  from  the  popliteal 
glands  and  the  deep  lymphatic  vessels  of  the  thigh  and  knee.  The  efferent  vessels  which 
proceed  from  the  deep  femoral  glands  traverse  the  crural  ring  and  join  the  iliac  glands. 

Structures  situated  between  Poupart's  Ligament  and  the  Innominate  Bone. — 
Poupart's  ligament,  as  already  stated,  forms  the  boundary  line  between  the  abdomen  and  the  front 
of  the  thigh.  It  consists  of  a  stout  ligamentous  cord  which  extends  with  a  slight  downward 
curve  from  the  anterior  superior  spine  of  the  ilium  to  the  spine  of  the  pubis,  at  which  point 
some  of  its  deeper  fibres  are  reflected  backwards  and  outwards  along  the  ilio-pectineal  line  for 
about  an  inch  and  become  continuous  with  a  band  of  ligamentous  fibres  which  overlies  this  part 
of  the  innominate  bone  and  is  known  as  the  pubic  ligament  of  Sir  Astley  Cooper.  That  portion 
of  Poupart's  ligament  which  obtains  attachment  to  the  ilio-pectineal  line  has  a  triangular  outline 
and  is  known  as  Gimbernaf  s  ligament.  Its  outer  or  basal  margin  is  concave  and  free,  and  forms 
the  inner  boundary  of  the  crural  ring.  For  further  details  concerning  this  ligament  see  p.  6ll. 

The  space  included  between  Poupart's  ligament  and  the  innominate  bone  is  triangular,  and 
in  the  erect  attitude  of  the  body  is  directed  downwards,  forwards,  and  inwards  (fig.  157).  The 
ligament  forms  the  base  of  the  triangle ;  its  lower  and  outer  boundary  is  represented  by  the 
anterior  border  of  the  ilium,  which  terminates  below  in  the  anterior  inferior  spine  ;  its  lower  and 
inner  boundary  is  formed  by  the  upper  margin  of  the  acetabulum,  the  ilio-pectineal  eminence,  and 
the  upper  surface  of  the  horizontal  ramus  of  the  os  pubis,  which  in  the  recent  state  gives  attachment 
to  the  pectineus  muscle  and  the  pubic  portion  of  the  fascia  lata,  and  is  limited  above  by  the  ilio- 
pectineal  ridge  and  Cooper's  ligament.  This  large  space,  however,  is  subdivided  into  two  minor 
compartments  by  a  band  of  the  fascia  iliaca  which  is  attached  in  front  and  externally  to  the  deep 
aspect  of  Poupart's  ligament  at  the  outer  side  of  the  femoral  artery,  behind  and  internally  to  the 
ilio-pectineal  eminence  (ilio-pectineal  ligament).  The  outer  compartment,  somewhat  oval  in 
outline,  is  occupied  by  the  ilio-psoas  muscle  and  the  anterior  crural  nerve,  and  has  received  the 
name  lacuna  musculorum.  The  inner  smaller  compartment  which  is  roughly  triangular  in  outline, 
is  mainly  occupied  by  the  femoral  vessels,  and  consequently  has  been  named  the  lactma  vasorum. 
The  basal  margin  of  this  aperture  lies  in  front  and  is  formed  by  Poupart's  ligament ;  it  is  bounded 
behind  and  externally  by  the  ilio-pectineal  ligament  just  described,  behind  and  internally  by  the 
pubic  ramus  and  the  pectineus  muscle  covered  by  the  pubic  fascia.  The  upper  and  outer  angle  of 
the  aperture  is  narrow  and  pointed,  its  lower  and  inner  angle  formed  by  the  free  margin  of 
Gimbernat's  ligament  is  blunt  and  rounded,  and  its  posterior  or  apical  angle,  which  is  very  widely 
opened  out,  corresponds  to  the  ilio-pectineal  eminence  or  point  of  meeting  of  the  pectineus  and 
iho-psoas  muscles,  which  are  respectively  invested  by  the  pubic  portion  of  the  fascia  lata  and  the 
fascia  iliaca.  These  latter  boundaries  of  the  lacuna  vasorum  represent  the  upper  limits  of  the  two 
sloping  planes  which  together  form  the  floor  of  Scarpa's  triangle  (fig.  158). 

The  Femoral  Sheath. — The  upper  and  outer  angle  of  the  lacuna  vasorum  is  occupied  by 
the  femoral  artery  and  the  crural  branch  of  the  genito-ctural  nerve.  The  femoral  vein  lies  more 
internally  and  upon  a  slightly  deeper  plane,  while  most  internally  a  small  oval  space  is  left  which 
serves  as  a  passage  of  communication  between  the  thigh  and  the  abdominal  cavity  and  is  known 
as  the  femoral  or  crural  ring.  It  is  usually  occupied  by  some  fatty  tissue  and  is  traversed  by  a 
number  of  lymphatic  vessels  ;  it  may  also  contain  one  or  two  small  lymphatic  glands.  Within 
the  lacuna  vasorum,  and  for  about  one  and  a  half  inches  below  this,  the  femoral  vessels  are 
provided  with  a  membranous  investment  known  as  the  femoral  sheath.  The  anterior  wall  of  the 
sheath  is  very  thin  and  is  continuous  with  the  fascia  transversalis  which  lines  the  deep  surface  of 
the  anterior  abdominal  wall ;  its  posterior  wall  is  constituted  in  part  by  the  fascia  iliaca  which  is 
prolonged  down  over  the  ilio-psoas  muscle,  in  part  by  the  pubic  portion  of  the  fascia  lata  covering 
the  pectineus.  The  peripheral  limits  of  the  sheath  at  its  commencement  coincide  exactly  with 
those  of  the  lacuna  vasorum,  and  furthermore  it  is  subdivided  into  three  compartments  by  two 
feebly  developed  septa  which  stretch  from  its  anterior  to  its  posterior  wall.  These  have  been 
named,  according  to  their  contained  structures,  the  arterial,  venous,  and  lymphatic  compartments 
of  the  femoral  sheath.  In  a  downward  direction  the  sheath  extends  as  far  as  the  origin  of  the 
profunda  artery,  at  which  point,  having  narrowed  very  considerably  in  a  funnel-shaped  manner, 
it  fuses  with  the  outer  coats  of  the  vessels. 

The  Fascia  Lata  is  a  well  defined  aponeurotic  membrane  which  forms  a  complete 
investment  for  the  muscles  of  the  thigh  ;  it  is  not  of  uniform  strength,  however,  but  varies  a  good 
deal  in  thickness  and  density  in  different  parts  of  its  extent.  Externally  it  is  strongest,  especially 
that  part  of  it  which  has  been  already  described  as  the  ilio-tibial  band,  and  stretches  from 
the  outer  margin  of  the  iliac  crest  to  the  outer  tuberosity  of  the  head  of  the  tibia.  Over  the 
lower  part  of  the  front  of  the  thigh  and  along  its  inner  surface  the  fascia  is  comparatively 
thin.  From  its  deep  aspect  processes  of  an  ensheathing  character  extend  between  the  muscles. 
Two  of  these  demand  special  notice  ;  they  extend  from  the  deep  aspect  of  the  fascia  lata  to  the 
linea  aspera  on  the  posterior  surface  of  the  shaft  of  the  femur,  and  are  known  as  the  external  and 
internal  intermuscular  septa.  The  external  septum  commences  above  at  the  level  of  the  inser- 
tion of  the  gluteus  maximus  beneath  the  great  trochanter,  and  ends  below  at  the  outer  aspect  of  the 
knee-joint ;  it  separates  the  vastus  externus  from  the  short  head  of  the  biceps,  i.e.  the  extensor 
from  the  flexor  muscles.  The  internal  intermuscular  septum  is  not  so  well  defined  ;  it  extends 
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FIG.  157. — Dissection  of  the  parts  passing  beneath  Poupart's  ligament,  and  the  anterior  aspect 
of  the  capsule  of  the  hip-joint — formalin  preparation.  The  three  compartments  of  the 
femoral  sheath  are  clearly  defined,  the  femoral  artery  lying  most  externally,  the  femoral  canal 
internally,  and  the  vein  occupying  the  intermediate  position.  The  space  which  these  occupy 
beneath  Poupart's  ligament  is  known  as  the  lacuna  vasorum.  The  relation  of  the  pectineus 
muscle  to  the  femoral  canal  is  distinct.  Note  the  sharp  margin  of  Gimbernat's  ligament 
bounding  the  femoral  ring  internally.  The  fascia  iliaca  which  forms  the  posterior  boundary 
of  the  femoral  sheath  extends  over  the  ilio-psoas  muscle  and  the  anterior  crural  nerve,  the 
space  which  these  occupy  beneath  Poupart's  ligament  extending  from  the  anterior  superior 
spine  of  the  ilium  to  the  ilio-pectineal  eminence.  This  compartment  situated  between  the 
fascia  iliaca  and  the  bone  is  known  as  the  lacuna  musctilorum.  The  capsule  of  the  hip-joint 
is  observed  to  possess  great  strength,  and  its  thickened  portions,  viz. ,  the  ilio-trochanteric,  ilio- 
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from  the  level  of  the  lesser  trochanter  to  the  adductor  tubercle  on  the  inner  condyle  of  the  femur, 
and  separates  the  adductor  longus  and  magnus  from  the  vastus  internus,  i.e.  the  adductor  from  the 
extensor  muscles.  A  third  but  rather  indistinct  septum  may  be  traced  between  the  adductors  and 
flexors.  The  muscles  of  the  thigh,  accordingly,  are  confined  within  three  osteo-fascial  compart- 
ments, and  furthermore,  each  has  its  own  special  nerve  ;  thus,  there  is  an  anterior  or  extensor 
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FiG.  158. — Dissection  of  Scarpa's  triangle.  Note  the  position  of  the  femoral  sheath  with  regard 
to  Poupart's  ligament  and  the  septa  in  its  interior  separating  the  femoral  artery  from  the 
femoral  vein,  and  the  latter  vessel  from  the  tissue  which  occupies  the  femoral  canal. 
Observe  that  the  pectineus  muscle  lies  behind  the  femoral  canal,  and  that  the  spermatic 
cord  is  situated  above  and  to  the  inner  side  of  this  passage. 

group  supplied  by  the  anterior  crural  nerve,  a  posterior  or  flexor  group  supplied  by  the  great 
sciatic  nerve,  and  an  inner  or  adductor  group  supplied  by  the  obturator  nerve.  At  the  lower  part 
of  the  thigh  the  fascia  lata  extends  downwards  over  the  patella,  the  quadriceps  tendon,  and  the 
capsule  of  the  knee-joint,  and  is  continuous  with  the  deep  fascia  of  the  leg  ;  behind,  it  covers  in 
the  popliteal  space  and  securely  binds  together  the  muscles  which  form  its  lateral  boundaries. 
At  the  upper  part  of  the  thigh  the  fascia  is  attached  in  front  to  Poupart's  ligament,  internally  to 
the  pubic  spine,  the  rami  of  the  pubes  and  ischium,  and  the  tuberosity  of  the  ischium  ;  behind,  it 


femoral,  and  pectineo-fenioral  bands,  are  clearly  defined.  The  portion  of  the  capsule  between 
the  ilio-femoral  and  pectineo-femoral  bands  is  comparatively  thin,  the  head  of  the  bone  is 
discernible  through  it  at  this  level,  and  a  bursa  invariably  lies  between  it  and  the  ilio-psoas 
muscle.  The  lesser  trochanter  was  unduly  prominent  in  this  subject ;  its  prominence,  how- 
ever, is  explained  to  some  extent  by  the  outward  rotation  of  the  limb. 
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is  continuous  with  the  gluteal  aponeurosis,  and  obtains  attachment  to  the  side  of  the  sacrum  and 
coccyx  and  to  the  posterior  superior  spine  ;  externally,  it  is  attached  to  the  outer  margin  of  the 
iliac  crest  along  its  entire  length. 

At  the  upper  and  anterior  part  of  the  thigh  the  arrangement  of  the  fascia  lata  is  somewhat 
peculiar  and  needs  special  mention.  That  portion  which  covers  the  commencement  of  the 
sartorius  and  the  ilio-psoas  muscles  is  known  as  the  iliac  portion  of  the  fascia  lala  ;  that  portion 
which  overlies  the  pectineus  at  the  upper  and  inner  aspect  of  the  thigh  is  known  as  \he  pubic 
portion.  The  iliac  portion  is  attached  to  Poupart's  ligament  along  its  entire  length  ;  below  the 
inner  part  of  the  ligament,  however,  viz.,  at  the  level  at  which  the  fascia  is  pierced  by  the  long 
saphenous  vein,  it  becomes  very  loose  and  cellular  in  texture  and  fuses  internally  with  the  pubic 
portion  of  the  fascia  lata  ;  this  part  has  already  been  described  as  the  cribriform  fascia.  The  pubic 
portion  of  the  fascia  lata  immediately  below  Poupart's  ligament  closely  invests  the  adductor  longus 
and  pectineus  muscles,  and  as  these  occupy  an  oblique  plane  which  slopes  backwards  and  outwards, 
this  portion  of  the  fascia  lata  gradually  recedes  from  the  anterior  surface  of  the  thigh  and  passes 
outwards  beneath  the  femoral  vessels,  where  it  fuses  with  the  fascia  iliaca  investing  the  ilio-psoas 
muscle,  both  together  forming  the  posterior  wall  of  the  femoral  sheath.  The  pubic  fascia  is 
attached  above  to  the  ilio-pectineal  line,  and  helps  to  form  the  lower  and  inner  boundary  of 
the  lacuna  vasorum. 

Scarpa's  Triangle. — The  reader  is  now  in  a  position  to  review  the  boundaries  of  this 
important  triangular  area  at  the  root  of  the  thigh.  Its  peripheral  limits,  as  already  stated,  are 
formed  by  Poupart's  ligament  above,  by  the  inner  margin  of  the  sartorius  externally,  and  by  the 
inner  margin  of  the  adductor  longus  internally.  Its  roof  is  formed  by  the  iliac  portion  of  the 
fascia  lata  which  completely  covers  in  the  space  in  front.  Its  floor  is  not  horizontal,  however, 
but  is  made  up  of  two  inclined  planes,  which  at  their  junction  form  a  well  marked  median  groove — 
fossa  ilio-pectinea.  The  outer  inclined  plane  which  is  formed  by  the  ilio-psoas  muscle  invested  by 
the  thin  downward  prolongation  of  the  fascia  iliaca  slopes  backwards  and  inwards.  The  inner 
inclined  plane  is  formed  by  the  adductor  longus  and  pectineus  muscles,  both  of  which  are  invested 
by  the  pubic  portion  of  the  fascia  lata  ;  this  plane  inclines  backwards  and  outwards. 

The  prismatic  space  included  between  the  fascial  roof  and  the  floor  of  Scarpa's  triangle 
contains,  in  addition  to  a  quantity  of  loose  fatty  tissue,  the  femoral  vessels  and  their  main 
tributaries,  the  termination  of  the  long  saphenous  vein,  the  anterior  crural  nerve,  the  crural 
branch  of  the  genito-crural  nerve,  and  the  deep  femoral  lymphatic  vessels  and  glands  ;  furthermore, 
at  its  upper  or  basal  extremity,  it  communicates  with  the  abdomen  through  the  triangular  aperture 
beneath  Poupart's  ligament  just  described  as  the  lacuna  vasorum. 

The  saphenous  opening  is  an  aperture  in  the  fascia  lata  produced  artificially  by  the 
removal  of  the  cribriform  fascia  which  surrounds  the  termination  of  the  long  saphenous  vein.  It 
is  somewhat  oval  in  shape,  and  measures  on  an  average  one  and  a  half  inches  in  the  vertical,  half  an 
inch  in  the  transverse  direction,  and  its  centre  lies  about  one  and  a  half  inches  below  and  the  same 
distance  outside  the  pubic  spine.  Its  outer  margin  or  falciform  edge  has  a  crescentic  outline,  and, 
as  a  rule,  overlies  the  middle  or  venous  compartment  of  the  femoral  sheath.  Superiorly  this 
margin  curves  inwards — cms  superius ;  Bey's  ligament — and  obtains  attachment  to  the  pubic 
spine  and  Gimbernat's  ligament.  Inferiorly,  it  curves  inwards  beneath  the  long  saphenous  vein 
— crus  inferius ;  Sums'  ligament — bringing  the  iliac  and  pubic  portions  of  the  fascia  lata  into 
direct  continuity  (fig.  112).  Internally  a  definite  margin  to  the  saphenous  opening  is  wanting  ; 
the  aperture  presents  instead,  at  this  level,  the  sloping  surface  formed  by  the  pubic  portion  of  the 
fascia  lata  as  it  passes  backwards  and  outwards  behind  the  femoral  vessels. 

The  saphenous  opening  connects  the  superficial  stratum  of  the  thigh  with  the  innermost  or 
lymphatic  compartment  of  the  femoral  sheath.  This  latter  is  also  known  as  \hefemoral  or  crural 
canal,  as  it  represents  the  usual  path  taken  by  a  femoral  hernia  after  its  exit  from  the  abdominal 
cavity. 

FEMORAL  HERNIA. 

The  detailed  account  just  given  of  the  structures  related  to  the 
deep  aspect  of  Poupart's  ligament  and  of  those  which  belong  to  the 
adjoining  portion  of  the  thigh  was  rendered  necessary  by  reason  of  the 
fact  that  herniae  not  infrequently  make  their  appearance  in  this  region, 
and  that  abscesses  originating  in  the  retroperitoneal  district  of  the 
posterior  abdominal  wall,  i.e.  beneath  the  fascia  iliaca,  show  a  tendency 
to  gravitate  downwards  behind  Poupart's  ligament  and  invade  the  deep 
intermuscular  planes  of  the  thigh  ;  the  region  of  Scarpa's  triangle,  too,  is 
of  special  interest,  on  account  of  its  important  vascular  relationships  and 
its  close  proximity  to  the  capsule  of  the  hip-joint 
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A  Femoral  Hernia  is  one  which,  as  a  rule,  leaves  the  abdomen  by 
way  of  the  femoral  or  crural  ring  which  is  situated  behind  Poupart's 
ligament  at  the  inner  side  of  the  femoral  vein,  i.e.  at  the  innermost  part 
of  the  lacuna  vasorum,  and  is  of  course  preceded  by  the  peritoneum 
which  constitutes  the  hernial  sac.  No  sooner  has  it  traversed  this 
aperture  and  entered  the  lymphatic  compartment  of  the  femoral  sheath 
than  it  curves  forwards  in  the  direction  of  the  saphenous  opening, 
pushing  before  it  the  thin  anterior  wall  of  the  femoral  sheath,  the  loose 
cribriform  fascia,  and  the  superficial  tissues,  and  gives  rise  to  a  perceptible 
swelling  at  the  inner  part  of  the  root  of  the  thigh,  below  and  to  the  outer 
side  of  the  pubic  spine.  Should  the  protrusion  increase  still  further  in 
size,  instead  of  advancing  down  the  thigh  as  might  a  priori  be  expected, 
it  almost  invariably  curves  upwards  over  Poupart's  ligament  and 
outwards  in  the  direction  of  the  anterior  superior  spine. 

The  abdominal  aspect  of  the  femoral  ring  is  situated  within  the  limits 
of  a  small  triangular  area  known  as  the  trigonum  femorale.  This  latter  is 
bounded  below  and  in  front  by  the  inner  part  of  Poupart's  ligament, 
internally  by  the  ilio-pectineal  ridge  or  pelvic  brim,  and  externally  by  the 
external  iliac  vein — see  p.  409.  The  peritoneum  which  covers  the  floor  of 
this  triangle  is  sometimes  depressed  at  its  lower  and  inner  part,  present- 
ing the  appearance  of  a  dimple  or  shallow  fossa  just  capable  of  admitting 
the  finger-tip  ;  it  has  been  termed  the  fovea  femoralis,  as  it  overlies 
the  femoral  ring,  but  it  is  separated  from  the  latter  by  some  loose 
subperitoneal  fatty  tissue.  The  ring  itself  is  closed  by  a  feebly 
developed  membrane  derived  from  the  fascia  transversalis  (septum 
crurale),  which  forms  the  upper  limit  of  the  lymphatic  compartment  of 
the  femoral  sheath,  and  is  traversed  by  the  deep  femoral  lymphatics 
which  ascend  to  join  the  external  iliac  chain  of  glands. 

The  Femoral  or  Crural  Ring  is  a  very  unyielding  aperture,  which  is 
bounded  in  front  by  Poupart's  ligament,  behind  by  the  pubic  bone,  the 
origin  of  the  pectineus  muscle,  the  pubic  portion  of  the  fascia  lata  and 
the  pubic  ligament,  internally  by  the  sharp  crescentic  margin  of 
Gimbernat's  ligament,  and  externally  by  the  femoral  vein,  together  with 
the  inner  of  the  two  septa  within  the  femoral  sheath. 

The  Femoral  or  Crural  Canal. — A  definite  canal  can  hardly  be 
said  to  exist,  seeing  that  the  inner  part  of  Poupart's  ligament  which 
limits  in  front  the  femoral  ring  or  the  commencement  of  the  passage  forms 
also  the  upper  limit  of  the  saphenous  opening  or  outlet  of  the  passage. 
What  is  usually  described  as  the  femoral  canal  is  in  reality  a  narrow 
prismatic  space,  bounded  in  front  by  the  cribriform  fascia,  behind  by 
the  pubic  portion  of  the  fascia  lata  and  the  pectineus  muscle,  externally 
by  the  femoral  vein.  Its  upper  aperture  or  inlet  (femoral  ring)  is 
directed  downwards,  its  lower  aperture  or  outlet  (saphenous  opening) 
faces  directly  forwards  ;  the  intervening  space  must  consequently  present 
a  very  decided  forward  curve,  and  it  is  this  which  is  supposed  to  de- 
termine the  course  of  the  hernia,  viz.,  forwards  and  upwards  :  possibly  also 
the  movement  of  flexion  of  the  thigh  may  play  a  contributory  part. 
The  space  just  described  is  occupied  by  some  loose  fatty  tissue, 
the  deep  femoral  lymphatic  vessels,  and  one  or  two  lymphatic 
glands  ;  it  corresponds  to  the  lymphatic  compartment  of  the  femoral 
sheath. 
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Additional  Relationships  of  the  Femoral  Ring. — In  the  male  the 
spermatic  cord  is  situated  in  front  and  to  the  inner  side  of  the  femoral 
ring,  resting  upon  a  grooved  surface  formed  for  it  by  the  junction  of 
the  fascia  transversalis  with  Poupart's  ligament  (fig.  114).  The  easily 
recognised  spine  of  the  pubis  is  an  important  landmark  interposed 
between  the  spermatic  cord  at  its  point  of  emergence  from  the  external 
abdominal  ring  and  the  femoral  ring.  With  herniae  of  doubtful  nature 
in  this  locality,  the  tip  of  the  finger  placed  in  contact  with  the  spine  is 
a  ready  means  of  differentiating  the  inguinal  from  the  femoral  variety. 
If  the  protrusion  lie  in  front  and  to  the  inner  side  of  the  finger  the 
hernia  evidently  emerges  from  the  external  abdominal  ring  (inguinal 
hernia},  whereas  if  it  lie  below  and  to  the  outer  side  of  the  finger  it  will 
be  found  almost  certainly  to  have  made  its  way  through  the  femoral 
ring  (femoral  hernia). 

Another  important  relationship  of  the  femoral  ring  is  that  which  it 
forms  with  the  obturator  artery,  but  more  particularly  when  this  vessel 
takes  an  abnormal  course.  In  fig.  159  the  obturator  artery  pursues 
its  normal  course,  i.e.  it  arises  from  the  internal  iliac  and  proceeds 
forwards  in  relation  to  the  side  wall  of  the  pelvis  above  the  obturator 
nerve;  its  pubic  branch,  too,  is  seen  forming  an  anastomosis  with  the 
corresponding  branch  of  the  deep  epigastric  artery.  Very  commonly, 
however,  about  once  in  every  three  cases,  the  obturator  artery  follows 
an  abnormal  course  ;  instead  of  coming  off  from  the  internal  iliac  it 
springs  from  the  deep  epigastric,  and  descends  behind  the  pubis  to  the 
obturator  foramen,  but  not  always  in  the  same  direction.  In  fig.  159 
it  is  represented  by  a  double  dotted  line,  curving  -at  first  horizontally 
inwards  in  front  of  the  femoral  ring,  and  subsequently  downwards  along 
the  inner  aspect  of  the  ring  behind  Gimbernat's  ligament.  It  may,  how- 
ever, take  a  more  direct  course  to  the  obturator  foramen,  viz.,  by  passing 
downwards  in  close  relationship  to  the  inner  aspect  of  the  external  iliac 
vein,  and  at  the  outer  aspect  of  the  femoral  ring.  Should  a  femoral 
hernia  then  coexist  with  an  abnormal  obturator  artery,  it  follows,  that 
in  the  former  of  the  two  varieties  just  mentioned  the  vessel  would  first 
lie  in  front  and  subsequently  to  the  inner  side  of  the  neck  of  the  sack ; 
in  the  latter  case  the  vessel  would  lie  in  close  relationship  with  the  outer 
side  of  the  neck  of  the  sack. 

The  deep  epigastric  artery,  near  its  origin  from  the  external  iliac,  is  in 
close  proximity  to  Poupart's  ligament  above  and  to  the  outer  side  of  the 
femoral  ring ;  it  is  usually  accompanied  by  two  companion  veins  (fig  1 59). 

The  Hernial  Sac  and  its  Contents. — In  many  cases  the  sac 
contains  a  thin  tongue-like  process  of  the  great  omentum,  but  sometimes 
the  portion  of  the  latter  lodged  within  the  sac  is  found  to  have  lost  its 
normal  appearance  and  to  be  converted  into  a  voluminous  mass  of  fibro- 
fatty  tissue.  The  sac  may  also  contain  intestine,  but  the  amount  of  this 
which  is  herniated  is  very  variable ;  it  may  consist  of  a  coil  of  consider- 
able dimensions,  but  not  infrequently  the  portion  of  bowel  engaged 
within  the  femoral  ring  is  very  small ;  it  may  merely  consist  of  the 
convex  portion  of  a  loop,  its  entire  circumference  not  being  involved 
(partial  enterocele — Richters  Hernia),  or  of  a  small  knuckle  in  which  the 
entire  periphery  of  the  gut  has  just  passed  within  the  ring  (Littre's 
Hernia).  It  should  not  be  forgotten  also  that  the  bladder  may  form 
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part  of  the  contents  of  a  femoral  hernia.  The  portion  of  its  wall  which 
is  included  in  the  hernia  will  probably  be  preceded  through  the  femoral 
ring  by  a  mass  of  the  prevesical  fat  and  may  not  be  recognised.  The 
viscus  consequently  is  very  apt  to  be  wounded  in  the  course  of 


Spermatic  Vessels.      External  Iliac  Artery. 
Vas  Deferens. 

Internal  Abdominal  Ring.      , 
Deep  Epigastric  Vessels. 


Direction  of  the  Abnormal  Obturator  Artery.  ! 
Femoral  Ring. 


Obturator  Vessels. 
Pubic  Branch  of  the  Obturator  Artery. 


FIG.  159. — Dissection  of  the  posterior  aspect  of  the  anterior  abdominal  wall  to  show  the  inguinal 
and  femoral  rings.  The  femoral  ring  lies  below  and  slightly  internal  to  the  internal 
abdominal  (inguinal)  ring,  and  the  deep  epigastric  vessels  are  related  to  it  in  front  and 
externally.  The  more  usual  course  followed  by  the  abnormal  obturator  artery  is  represented 
by  a  double  dotted  line.  It  will  be  observed  to  form  an  anterior  and  internal  relationship 
of  the  femoral  ring,  and  also  of  the  neck  of  a  femoral  hernia,  should  such  exist.  The  vas 
deferens  with  its  small  artery  is  seen  parting  company  with  the  spermatic  vessels  at  the 
internal  abdominal  ring.  Note  the  external  iliac  vein  lying  behind  as  well  as  internal  to  its 
companion  artery. 

ligaturing   the  neck  of  the  sac.     Such  an  accident  would  probably  be 
followed  some  days  later  by  a  urinary  fistula  at  the  site  of  the  wound. 

In  femoral  herniae  of  old  standing  the  layers  of  tissue  which  invest 
the  sac  become  very  distinctly  modified.  In  some  instances  they  acquire 
considerable  thickness  from  a  large  accumulation  of  fat,  so  that  it  is  quite 
impossible  to  recognise  them  individually,  but,  on  the  other  hand,  they  may 
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be  very  much  attenuated  in  consequence  of  the  great  stretching  to  which 
they  have  been  subjected.  The  irregularly  lobulated  appearance  which 
femoral  herniae  sometimes  present  is  probably  due  to  small  protrusions 
of  the  sac  and  its  contents  which  have  forced  their  way  through 
apertures  in  the  cribriform  fascia. 

In  contrast  with  the  inguinal  form,  femoral  hernia  is  always  acquired 
and  can  never  be  congenital ;  it  occurs  also  with  much  greater  frequency 
in  the  female  than  in  the  male  sex,  the  ratio  being  about  four  to  one. 
This  is  accounted  for  probably  by  the  greater  proportional  width  of 
the  pelvis  in  females,  the  greater  size  of  the  femoral  ring,  and  the  effects 
of  pregnancy  in  producing  an  overstretched  and  atonic  condition  of  the 
tissues  of  the  abdominal  parietes. 

Conditions  resembling  a  femoral  hernia. — The  pathological  con- 
ditions most  likely  to  cause  confusion  in  diagnosis  are — (i)  An  enlarged 
and  acutely  inflamed  lymphatic  gland  within  the  femoral  ring.  Such 
indeed  has  been  mistaken  more  than  once  for  a  strangulated  femoral 
hernia.  (2)  A  varicose  condition  of  the  long  saphenous  vein  just  before 
it  joins  the  femoral.  (3)  A  cystic  tumour  of  lymphatic  origin  (cavernous 
lymphangiomd)  at  the  upper  and  inner  part  of  the  thigh.  (4)  A  psoas 
abscess  which  had  gravitated  downwards  beneath  Poupart's  ligament.  In 
this  case,  however,  the  swelling  is  situated  invariably  to  the  outer  side  of 
the  femoral  sheath  as  the  pus  usually  enters  the  thigh  through  the  lacuna 
musculorum,  guided  probably  by  the  anterior  crural  nerve  (fig.  157).  (5) 
An  inguinal  hernia.  The  diagnosis  between  the  two  forms  of  hernia  is  by 
no  means  always  as  simple  a  matter  as  might  be  expected.  The 
relationship  of  the  swelling  to  the  pubic  spine  is  perhaps  the  most 
reliable  differential  test.  Furthermore,  an  inguinal  hernia  of  large 
dimensions  will  be  certain  to  cause  considerable  enlargement  of  the 
scrotum  or  labium  on  the  same  side ;  a  femoral  hernia,  on  the  other 
hand,  never  invades  these  parts. 

Strangulation  is  much  more  common  with  femoral  than  with 
inguinal  herniae,  and  this  is  not  very  greatly  to  be  wondered  at  consider- 
ing the  narrowness  and  unyielding  character  of  the  aperture  through 
which  the  hernia  leaves  the  abdomen.  For  an  account  of  the  manner 
in  which  taxis  should  be  employed  the  reader  is  referred  to  p.  414. 
The  attitude  of  the  limb  during  the  manipulative  process  is  a  matter  of 
considerable  importance.  The  thigh  should  be  slightly  flexed,  rotated 
inwards,  and  made  to  cross  its  fellow,  as  by  that  means  Poupart's  liga- 
ment together  with  the  fascia  lata  and  the  transversalis  fascia  are  made 
to  undergo  the  most  complete  relaxation. 

Opinions  have  been  somewhat  divided  as  to  what  particular 
structure  strangulation  is  most  frequently  due  ;  there  can  be  little  doubt, 
however,  that  in  a  large  percentage  of  cases  Gimbernat's  ligament  is 
responsible  for  the  trouble,  but  it  is  quite  certain,  nevertheless,  that  it 
may  be  caused  by  condensation  and  thickening  of  the  tissues  which 
surround  the  neck  of  the  sac,  by  the  unyielding  margin  of  an  aperture 
in  the  cribriform  fascia  through  which  the  hernia  has  forced  its  way,  or 
even  by  the  margin  of  an  unduly  rigid  saphenous  opening. 

Herniotomy  for  Strangulation.— In  undertaking  this  operation  the 
surgeon  should  clearly  understand  the  arrangement  of  blood-vessels  in  the 
immediate  vicinity  of  the  femoral  ring,  those  which  are  most  endangered 
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being  the  long  saphenous  vein,  the  femoral  vein,  and  the  obturator  artery 
when  it  pursues  an  abnormal  course.  Presupposing  that  in  a  given 
case  the  hernia  has  been  exposed  through  a  vertical  or  obliquely- 
directed  incision  over  the  femoral  ring,  the  sac  opened  and  its  contents 
carefully  inspected,  and  that  there  is  good  reason  for  considering  Gim- 
bernat's  ligament  the  cause  of  the  constriction,  the  operator  insinuates 
his  index  finger,  right  or  left  as  the  case  may  be,  between  the  inner 
surface  of  the  sac  and  its  contents,  and  as  the  finger  pulp  glides  onwards  in 
contact  with  the  inner  wall  of  the  sac  it  feels  for  the  sharp  free  margin 
of  Gimbernat's  ligament.  A  blunt-pointed  bistoury  or  hernia  knife  is 
now  guided  on  the  flat  along  the  palmar  aspect  of  the  finger  down  to 
and  beneath  the  free  margin  of  the  ligament,  damage  to  the  intestine 
being  meanwhile  prevented  by  the  finger-tip.  The  cutting  edge  of 
the  knife  is  now  turned  inwards  slightly,  pressed  against  the  bone, 
and  the  attachment  of  Gimbernat's  ligament  incised  just  to  a  sufficient 
extent  to  relieve  the  strangulation.  This  method  of  incising  Gimbernat's 
ligament  appears  to  be  the  safest,  as  it  entails  the  minimum  degree  of 
risk  to  the  obturator  artery  in  the  event  of  it  arching  over  the  anterior 
and  inner  aspects  of  the  neck  of  the  hernial  sac.  An  incision  carried 
upwards  and  inwards  through  Gimbernat's  ligament,  as  commonly 
recommended,  might  in  certain  cases  result  in  a  wound  of  this  vessel. 

In  some  instances  it  may  possibly  be  found  that  the  structure  causing 
the  strangulation  is  situated  in  advance  of  Gimbernat's  ligament — • 
cribriform  fascia  or  saphenous  opening — and  it  follows  as  a  matter  of 
course  that  if  this  structure  can  be  preserved  intact  an  important 
advantage  is  gained ;  its  division  means  the  enlargement  of  the 
femoral  ring,  and  with  this  an  undoubted  predisposition  to  a  recurrence 
of  the  hernia. 

The  Radical  Cure  of  Femoral  Hernia. — As  in  other  forms  of  hernia, 
the  aim  of  this  operation  is — (i)  to  obliterate  the  sac  of  the  hernia  by 
applying  a  ligature  at  its  neck  and  cutting  away  its  fundus,  or  by  some 
other  means  ;  (2)  to  close  or  greatly  diminish  the  passage,  i.e.  the  femoral 
ring,  through  which  the  hernia  leaves  the  abdomen.  The  first  of  these 
is  comparatively  simple,  but  the  second  is  attended  by  considerable 
difficulty  owing  to  the  unyielding  character  of  the  structures  which 
bound  the  ring,  especially  behind  and  internally  ;  this  difficulty,  too,  is 
greatly  increased  when  the  ring  has  become  stretched  in  herniae  of  long 
standing,  or  when  it  has  been  artificially  enlarged  in  effecting  the  relief 
of  strangulation. 

The  following  procedures  among  others  have  been  carried  out  by 
different  surgeons: — (i)  The  neck  of  the  sac  having  been  ligatured  and 
the  stump  returned  well  within  the  femoral  ring,  a  horseshoe  incision  is 
made  through  the  pubic  portion  of  the  fascia  lata  and  the  pectineus  muscle 
in  the  interval  between  the  femoral  vein  and  the  pubic  spine  and  a  musculo- 
fascial  flap  is  detached  and  turned  upwards ;  it  should  just  be  sufficiently 
large  to  fill  the  femoral  ring  without  tension.  Two  sutures  are  passed 
through  the  flap  near  its  free  margin  and  through  the  abdominal  wall  from 
behind  forwards  above  the  level  of  Poupart's  ligament  and  slightly  to  the 
outer  side  of  the  femoral  ring  so  as  to  avoid  the  inguinal  canal  and  its  con- 
tained structures.  When  these  sutures  are  tied  the  flap  is  drawn  up  into 
the  ring  and  securely  fixed  in  this  position  (Watson  Cheyne).  (2)  One 
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or  more  deep  sutures  of  silk  are  passed  through  Poupart's  ligament  in 
front  of  the  femoral  ring,  and  through  the  pubic  ligament  and  the  fascia 
covering  the  pectineus  muscle  behind.  When  these  sutures  are  tightened 
the  inner  part  of  Poupart's  ligament  is  doubled  backwards,  i.e.  the  anterior 
and  posterior  boundaries  of  the  ring  are  brought  into  contact  (Bassini ; 
Kocher;  Lockwood).  In  addition  to  these,  one  or  more  accessory  deep 
sutures  may  be  passed  through  the  falciform  edge  of  the  saphenous 
opening  and  the  pubic  portion  of  the  fascia  lata :  they  provide  an 
additional  source  of  strength  by  bracing  up  the  tissues  immediately 
in  front  of  the  ring.  (3)  One  or  more  holes  are  drilled  through 
the  horizontal  ramus  of  the  os  pubis,  and  through  these  sutures  are 
passed  and  made  to  connect  the  inner  part  of  Poupart's  Kgament  with 
the  bone  (M'Nicholl).  (4)  Another  procedure  which  has  been  devised 
and  extensively  practised  by  Roux  of  Lausanne  consists  in  introducing 
a  metallic  staple  obliquely  through  Poupart's  ligament  and  across  the 
femoral  ring  to  its  posterior  wall,  and  hammered  gently  into  the  pubic 
ramus,  care  being  taken  meanwhile  of  the  femoral  vein ;  the  staple  should 
not  be  hammered  in  very  deeply  for  fear  of  injury  to  Poupart's  ligament. 
It  remains  permanently  in  situ,  it  does  not  cause  irritation  and  does  not 
injure  the  bone  (Crawford  Renton).  It  will  be  observed  that  in  all  these 
procedures,  with  the  exception  of  the  first,  the  object  in  view  is  the 
same,  viz.,  to  bring  the  anterior  and  posterior  walls  of  the  femoral  ring 
together  and  maintain  them  permanently  in  close  contact. 

OBTURATOR  HERNIA.— The  obturator  or  adductor  region  of  the  thigh  is  limited 
internally  by  the  pubic  arch  and  the  perineum,  externally  by  the  hip-jprnt,  above  by  the  horizontal 
ramus  of  the  pubis,  and  below  by  the  tuberosity  of  the  ischium.  It  consists  for  the  most  part 
of  a  mass  of  muscle,  the  particular  muscles  which  collectively  enter  into  its  constitution  being 
the  gracilis,  pectineus,  adductor  longus,  add.  brevis,  and  add.  magnus,  and  the  obturator  externus. 
This  last-named  muscle  overlies  the  obturator  membrane  which  closes  in  the  greater  part  of  the 
obturator  or  thyroid  foramen  ;  it  has  been  fully  exposed  in  the  dissection  which  is  represented  in 
fig.  157. 

The  gap  which  exists  at  the  upper  and  outer  part  of  this  foramen  forms  in  reality  a  short 
oblique  tunnel,  directed  forwards  and  inwards,  and  is  known  as  the  obturator  canal ;  its  length  is 
from  one-half  to  three-quarters  of  an  inch,  and  it  is  about  half  an  inch  in  breadth.  This  narrow 
passage  is  bounded  above  by  the  obturator  groove  of  the  pubic  bone,  below  by  the  obturator 
membrane  and  the  two  obturator  muscles  ;  by  its  inner  or  pelvic  orifice  it  is  surrounded  by  the 
parietal  pelvic  fascia  and  is  invested  by  the  pelvic  subperitoneal  tissue  ;  it  is  overlaid  on  this 
aspect  also  by  the  distended  bladder.  The  outer  or  superficial  orifice  of  the  canal  is  related  to  the 
deep  aspect  of  the  pectineus  muscle  below  and  slightly  internal  to  the  femoral  vein  ;  it  is  occupied 
by  some  loose  fatty  tissue  and  is  traversed  by  the  obturator  vessels  and  nerve.  The  artery,  as  a 
rule,  occupies  the  outer  part  of  the  canal ;  it  lies  beneath  the  nerve  and  divides  into  two  branches, 
an  outer  and  an  inner.  The  former  of  these  sends  a  small  offshoot  through  the  cotyloid  notch 
to  the  hip-joint,  and  subsequently  with  its  fellow  helps  to  form  an  arterial  arch  surrounding  the 
obturator  membrane  beneath  the  obturator  externus  muscle ;  the  ultimate  branches  of  these  vessels 
are  distributed  to  the  adductor  muscles. 

The  obturator  nerve,  which  is  a  branch  of  the  lumbar  plexus  (second,  third,  and  fourth 
lumbar  nerves),  divides  within  the  obturator  canal  into  two  branches.  The  anterior  passes  over 
the  upper  border  of  the  obturator  externus  muscle  and  descends  in  front  of  the  adductor  brevis, 
behind  the  pectineus  and  adductor  longus.  The  posterior  branch,  before  entering  the  thigh, 
pierces  the  upper  border  of  the  obturator  externus,  and  descends  between  the  adductor  brevis  and 
adductor  magnus  muscles.  The  branches  of  the  obturator  nerve  supply  the  obturator  externus, 
the  three  adductor  muscles,  and  the  gracilis.  Its  anterior  division  sends  a  small  articular  twig  to 
the  hip-joint  through  the  cotyloid  notch,  while  from  the  posterior  division  another  twig  proceeds 
to  the  knee-joint  (geniculate  branch). 

A  hernia  may  traverse  the  obturator  canal  and  make  its  appearance 
at  the  upper  and  inner  aspect  of  the  thigh,  but  such  an  occurrence  is  rare. 
The  incidence  of  this  form  of  hernia,  as  with  the  femoral  variety  just 
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described,  is  most  marked  in  the  female  sex,  and  in  some  cases  at 
least  its  origin  seems  to  be  determined  by  wasting  of  the  fatty  tissue 
within  the  canal,  coupled  with  the  inability  of  the  walls  of  this  passage 
to  contract.  When  the  conditions  for  the  onset  of  such  a  hernia  are 
favourable,  forcible  straining  efforts  are  very  apt  to  cause  a  piece  of 
intestine  to  become  engaged  within  this  narrow  outlet,  which,  according 
to  some  authorities,  is  more  subjected  to  the  pressure  of  the  superjacent 
viscera  in  females  than  in  males  owing  to  the  more  marked  inclination 
of  the  female  pelvis  in  a  forward  direction. 

Although  the  contents  of  the  sac  of  the  hernia  would  appear  to 
consist  most  frequently  of  a  piece  of  small  intestine,  nevertheless  one 
may  find  within  it  a  diverticulum  from  the  bladder,  a  piece  of  omentum, 
or  even  the  ovary  and  Fallopian  tube. 

An  obturator  hernia  is  usually  small,  and  as  the  anterior  aperture  of 
the  canal  is  deeply  placed  beneath  the  pectineus  and  adductor  longus 
muscles  no  perceptible  tumour  may  be  noted  externally,  and  consequently 
the  presence  of  a  hernia  is  liable  to  be  unsuspected,  in  fact  a  strangulated 
obturator  hernia  is  a  condition  not  to  be  lost  sight  of  when  considering 
the  possible  causes  of  acute  intestinal  obstruction.  Certain  diagnostic 
signs,  however,  may  be  noted  in  some  cases,  viz.,  pain  over  the  obturator 
canal  at  the  inner  side  of  the  femoral  artery,  or  down  along  the  inner 
aspect  of  the  thigh.  Possibly  a  slight  fulness  may  be  detected  over  the 
site  of  the  obturator  canal.  It  is  a  noteworthy  fact  that  the  pelvic 
aspect  of  this  passage  may  be  examined  in  females  by  the  finger  in  the 
vagina  in  the  course  of  a  bimanual  examination ;  in  the  male  this 
mode  of  examination  is  conducted  by  the  aid  of  a  finger  in  the  rectum. 
Reduction  of  an  obturator  hernia  has  even  been  effected  in  this  way. 

Herniotomy  for  Obturator  Hernia. — A  vertical  incision  about  two 
inches  in  length  is  made  in  the  centre  of  the  interval  which  separates  the 
femoral  vessels  from  the  pubic  spine,  and  when  the  superficial  tissues  and 
pubic  portion  of  the  fascia  lata  have  been  divided,  the  interval  between 
the  pectineus  and  adductor  longus  muscles  is  defined.  The  pectineus  is 
drawn  outwards  and  will  probably  require  partial  division  close  to  its 
pubic  attachment,  the  femoral  vein  being  at  this  stage  carefully  guarded. 
Some  fibres  of  the  adductor  brevis  may  also  require  division.  Should  it 
be  necessary  to  relieve  a  strangulation  the  incision  had  best  be  made  in 
an  upward  and  inward  direction,  seeing  that  the  obturator  vessels  usually 
occupy  the  outer  part  of  the  canal ;  their  position,  however,  is  somewhat 
uncertain.  In  one  case  the  two  terminal  divisions  of  the  obturator  artery 
surrounded  the  neck  of  the  sac  after  the  manner  of  an  arterial  circle 
(Duplay  and  Reclus);  it  maybe  stated,  therefore,  that  the  relationship 
of  blood-vessels  to  the  sac  is  variable,  and  that  the  best  way  to  avoid 
haemorrhage  or  treat  it  in  the  event  of  its  occurrence  is  by  a  free  dissection 
and  a  good  view  of  the  parts  adjacent  to  the  neck  of  the  sac. 

THE  FEMORAL  ARTERY.— The  femoral  artery  is  the  direct  continuation  of  the  exter- 
nal iliac,  and  extends  from  the  lower  border  of  Poupart's  ligament  to  the  upper  and  inner  part  of 
the  popliteal  space  which  it  enters  beneath  the  tendinous  arch  provided  for  it  by  the  adductor 
magnus  muscle,  and  which  is  situated  from  three  and  a  half  to  four  inches  above  the  adductor 
tubercle  of  the  femur.  Between  these  two  points  the  artery  follows  an  almost  straight  course, 
gradually  inclining  from  the  front  to  the  inner  aspect  of  the  limb  as  well  as  from  before  back- 
wards, so  that  from  being  quite  superficial  at  its  commencement  it  is  very  deeply  placed  at  its 
termination. 
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The  course  of  the  artery,  which  may  be  indicated  upon  the  surface  of  the  limb  by  drawing 
a  straight  line  from  a  point  midway  between  the  anterior  superior  spine  and  the  symphysis 
pubis  to  the  adductor  tubercle  of  the  femur  when  the  thigh  is  slightly  flexed  and  rotated  outwards, 
is  readily  subdivided  into  two  stages.  The  first  of  these  corresponds  to  the  portion  of  the  vessel 
which  traverses  Scarpa's  triangle,  the  second  to  that  portion  which  extends  from  the  apex  of  this 
triangle  to  the  opening  in  the  adductor  magnus,  and  is  contained  within  the  deep  intermuscular 
space  in  the  middle  segment  of  the  thigh  known  as  Hunter's  Canal. 

At  a  point  which  is  situated  on  an  average  about  one  and  a  half  inches  below  Poupart's 
ligament  the  artery  gives  off  its  large  profunda  branch,  in  fact  it  appears  to  bifurcate  at  this  level, 
and  consequently  it  is  very  usual  to  speak  of  the  short  portion  of  the  femoral  trunk  above  the 
profunda  branch  as  the  common  femoral  artery,  the  remaining  portion  being  termed  the  superficial 
femoral  artery  to  distinguish  it  from  the  profunda  or  deep  femoral  artery. 

In  its  course  down  the  thigh  the  femoral  artery  is  contained  within  a  well  defined  inter- 
muscular  groove,  the  upper  part  of  which  is  bounded  externally  by  the  ilio-psoas,  internally  by  the 
pectineus  muscle  (fig.  158);  its  lower  part  is  bounded  by  the  vastus  internus  externally,  the  adductor 
longus  and  add.  magnus  muscles  internally.  The  artery  is  closely  accompanied  by  the  femoral  vein, 
which  at  first  lies  to  its  inner  side,  occupying  the  middle  compartment  of  the  femoral  sheath,  but  at 
the  lower  or  apical  extremity  of  Scarpa's  triangle  inclines  backwards  and  outwards,  and  for  the 
remainder  of  its  extent  is  related  to  the  artery  on  its  postero-external  aspect,  both  being  very 
intimately  connected  together.  At  the  lower  part  of  Scarpa's  triangle  also  the  long  saphenous 
nerve  and  the  nerve  to  the  vastus  internus  approach  the  artery  on  its  outer  side,  and  the  former 
of  these  accompanies  the  vessel  in  the  remainder  of  its  course,  viz. ,  in  Hunter's  canal,  lying  in 
front  of  it  and  gradually  inclining  towards  its  inner  side. 

In  Scarpds  triangle  the  femoral  artery  is  quite  superficial,  and  in  order  to  expose  it  it  would 
be  necessary  to  remove  merely  the  integument  and  superficial  fascia,  one  or  more  superficial 
lymphatic  glands,  the  iliac  portion  of  the  fascia  lata,  the  crural  branch  of  the  genito-crural  nerve, 
and  the  anterior  wall  of  the  femoral  sheath. 

In  Hunter's  canal,  the  length  of  which  slightly  exceeds  that  of  the  middle  third  of  the  thigh, 
the  artery  is  more  deeply  placed,  and  in  addition  to  the  sartorius  muscle  it  is  overlaid  by  a  strong 
aponeurotic  fascia  —  the  roof  of  Hunter's  canal  —  which  stretches  across  from  the  adductor 
longus  and  add.  magnus  to  the  vastus  internus  muscle,  and  helps  with  them  to  enclose  a  narrow 
prismatic  space  within  which  are  contained  the  femoral  vessels  and  the  long  saphenous  nerve 
(fig.  161).  To  expose  the  superficial  femoral  artery,  then,  in  Hunter's  canal  one  would  require  to 
remove  the  integument,  the  superficial  and  deep  fasciae,  to  turn  aside  the  sartorius  muscle  and 
divide  the  aponeurotic  roof  of  the  canal, 

Branches  of  the  Femoral  Artery. — The  greater  number  of  the  branches  of  the 
artery  are  given  offin  Scarpa's  triangle  and  it  is  usual  to  classify  them  in  two  groups,  viz. ,  superficial 
and  deep. 

The  Superficial  branches  are  the  superficial  external  pudic,  the  superficial  epigastric,  and 
the  superficial  circumflex  iliac  arteries  :  these  spring  from  the  common  femoral  trunk  close  to 
Poupart's  ligament  (fig.  158),  and  having  pierced  the  femoral  sheath  and  the  deep  fascia,  pursue 
their  respective  courses  in  the  subcutaneous  tissue — see  description,  p.  385. 

The  Deep  branches  include  the  deep  external  pudic,  the  profunda,  the  anastomotic  and 
muscular  arteries. 

(1)  The  deep  external  pudic  artery  springs  from  the  inner  aspect  of  the  femoral,  and  is 
directed  inwards  over  the  pectineus  and  adductor  longus  muscles.     Having  pierced  the  pubic 
portion  of  the  fascia  lata  it  is  distributed  to  the  scrotal  tissues — to  the  labium  majus  in  the  female. 

(2)  The  Profunda  femoris  or  Deep  Femoral  Artery  springs  from  the  outer  and  posterior 
aspect  of  the  trunk  of  the  common  femoral  artery  about  one  and  a  half  inches  below  Poupart's 
ligament  (fig.  158).     At  first  it  bends  outwards  to  a  slight  extent  upon  the  ilio-psoas  muscle,  and 
then  dips  back  quickly  between  this  muscle  and  the  pectineus,  and  at  the  lower  part  of  Scarpa's 
triangle  is  separated  from  the  superficial  femoral  artery  by  the  femoral  and  profunda  veins  and  by 
some  loose  fatty  tissue.     It  next  passes  behind  the  adductor  longus  muscle — the  femoral  artery 
descends  in  front  of  this — and  keeping  in  close  proximity  to  the  linea  aspera  of  the  femur,  it 
descends  towards  the  popliteal  surface  of  this  bone  where,  greatly  diminished  in  size,  it  pierces 
the  adductor  magnus  muscle  close  to  the  aperture  for  the  femoral  artery,  and  terminates  as  the 
fourth  perforating  artery. 

In  addition  to  a  number  of  muscular  branches,  the  deep  femoral  artery  gives  off  the  following : 
(a)  The  External  Circumflex  Artery. — This  vessel  arises  close  to  the  origin  of  the  profunda, 
and  passes  transversely  outwards  between  the  iliacus  and  sartorius,  and  then  between  the  rectus 
and  crureus  muscles  and  the  divisions  of  the  anterior  crural  nerve.  After  a  short  course  it  breaks 
up  into  three  terminal  branches,  named  respectively  ascending,  transverse,  and  descending.  The 
ascending  branch  is  directed  upwards  and  outwards  beneath  the  rectus  muscle  and  the  tensor  fasciae- 
femoris  to  the  anterior  part  of  the  gluteal  region,  viz.,  to  the  interval  between  the  gluteus  medius 
and  minimus  muscles,  and  anastomoses  with  the  gluteal  and  deep  circumflex  iliac  arteries.  This 
branch  crosses  the  line  of  attachment  of  the  capsule  of  the  hip-joint  to  the  anterior  intertrochanteric 
line  and  sends  a  small  twig  through  the  capsule  to  the  synovial  membrane.  The  transverse  branch 
pierces  the  vastus  externus  muscle,  winds  around  to  the  posterior  surface  of  the  shaft  of  the  femur 
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and  anastomoses  in  the  subtrochanteric  region  with  the  internal  circumflex,  first  perforating  and 
sciatic  arteries — 'crucial  anastomosis.'  The  descending  branch  accompanies  the  nerve  to  the  vastus 
externus,  and  descends  within  this  muscle  to  the  upper  and  outer  part  of  the  knee,  where  it 
anastomoses  with  the  superior  external  articular  branch  of  the  popliteal  artery,  with  the 
termination  of  the  profunda,  and  with  the  deep  branch  of  the  anastomotica  artery. 

(6)  The  Internal  Circumflex  Artery  arises  from  the  inner  and  back  part  of  the  profunda, 
opposite  the  external  circumflex,  and  almost  immediately  takes  a  backward  course  in  the 
direction  of  the  floor  of  Scarpa's  triangle,  and  for  the  remainder  of  its  course  is  contained  almost 
entirely  within  the  upper  part  of  the  adductor  region  of  the  thigh.  At  first  it  passes  backwards 
between  the  psoas  and  pectineus,  and  then  between  the  upper  border  of  the  adductor  brevis 
and  the  obturator  externus  muscle,  beneath  the  neck  of  the  femur,  to  the  back  of  the  thigh  where 
it  divides  into  two  terminal  branches,  both  of  which  have  been  noted  and  described  with  the  arteries 
of  the  gluteal  region,  p.  595.  This  artery  sends  a  small  offshoot  beneath  the  cotyloid  ligament 
to  the  hip-joint. 

(c)  The  Perforating  Arteries  are  four  in  number,  the  last  being  the  terminal  part  of  the 
parent  stem.  They  all  take  a  similar  course,  viz.,  backwards  to  the  posterior  compartment  of  the 
thigh,  lying  in  immediate  relationship  to  the  periosteum  of  the  femur  and  protected  by  a  series 
of  tendinous  arches  which  interrupt  the  line  of  attachment  of  the  adductor  brevis  and  add.  magnus 
muscles.  At  the  back  of  the  thigh  they  take  part  in  a  regular  chain  of  anastomoses  which 
extends  from  the  gluteal  region  to  the  popliteal  space.  They  are  mainly  distributed  to  the  ham- 
string muscles  ;  some  of  their  branches,  however,  pierce  the  external  intermuscular  septum  and  help 
to  supply  the  vastus  externus  and  crureus  muscles,  anastomosing  at  this  part  of  the  limb  with 
the  descending  branch  of  the  external  circumflex  artery,  with  the  anastomotic  brancn  of  the 
superficial  femoral  artery  and  with  the  superior  external  articular  branch  of  the  popliteal 
artery. 

The  second  perforating  artery,  as  a  rule,  furnishes  the  chief  nutrient  artery  of  the  femur. 

(3)  The  Anastomotic  Artery  springs  from  the  superficial  femoral  at  the  lower  part  of  Hunter's 
canal  and  divides  into  a  superficial  and  a  deep  branch. 

The  tuptrftieU  branch  pierces  the  aponeurosis  overlying  Hunter's  canal  and  descends  in  the 
interval  between  the  sartorius  and  gracilis  muscles,  accompanied  by  the  long  saphenous  nerve,  to 
the  inner  side  of  the  knee  and  upper  part  of  the  leg  ;  it  anastomoses  with  the  inferior  internal 
articular  branch  of  the  popliteal  artery.  The  deep  branch  descends  in  the  substance  of  the  vastus 
internus  in  front  of  the  tendon  of  the  adductor  magnus  muscle  and  joins  the  arterial  network  sur- 
rounding the  knee-joint.  Some  of  its  branches  cross  in  front  of  the  lower  end  of  the  femur  and 
anastomose  with  the  descending  branch  of  the  external  circumflex  artery. 

The  Femoral  Artery  is  a  vessel  of  very  great  surgical  interest,  more 
especially  in  so  far  as  it  is  concerned  in  the  treatment  of  popliteal 
aneurysm.  After  the  general  resume  just  given  of  its  course  and  principal 
relationships  the  following  practical  considerations  deserve  the  careful 
attention  of  the  reader. 

The  circulation  in  the  artery  may  be  readily  controlled  by  digital 
compression  when  it  is  appropriately  applied,  the  most  favourable  site 
being  that  at  which  the  artery,  while  lying  in  contact  with  the  psoas 
muscle,  comes  into  close  relationship  with  the  upper  margin  of  the 
acetabulum  immediately  outside  the  ilio-pectineal  eminence  and  with 
the  head  of  the  femur.  Pressure,  digital  or  otherwise,  directed  backwards 
and  outwards  at  the  lower  border  of  Poupart's  ligament  against  these 
resisting  media  controls  the  femoral  circulation  at  the  greatest  mechanical 
advantage,  and  it  is  a  noteworthy  fact  that  under  such  favourable 
conditions  the  amount  of  force  required  to  obliterate  the  lumen  of  such 
a  large  artery  is  not  very  great.  A  much  greater  degree  of  pressure  is 
required  below  this  level,  as  the  artery  is  now  no  longer  supported  by 
bone,  but  by  a  mass  of  yielding  muscle.  Pressure  at  the  apex  of 
Scarpa's  triangle  should  be  applied  backwards  and  outwards  against  the 
femur,  and  still  more  directly  outwards  lower  down,  viz.,  in  the  middle 
third  of  the  thigh. 

The  superficial  position  of  the  femoral  artery  in  Scarpa's  triangle 
renders  it  liable  to  injury  in  cases  of  incised,  punctured,  or  gunshot 
wounds  at  this  level.  The  proximity  of  the  vein  to  the  artery  also 
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accounts  for  the  readiness  with  which  both  vessels  may  be  wounded 
simultaneously,  the  result  of  such  an  injury  not  uncommonly  being 
the  establishment  of  an  aneurysmal  varix  or  a  varicose  aneurysm.  In 
the  former  instance  the  communication  between  the  vessels  is  direct,  in 
the  latter  it  is  effected  indirectly  through  the  medium  of  the  sac  of  a 
traumatic  aneurysm,  the  presence  of  which  is  indicated  by  a  pulsating 
tumour  below  Poupart's  ligament,  accompanied  by  a  loud  bruit  and 
vibratile  thrill  ;  the  superficial  veins  in  the  vicinity,  too,  appear  consider- 
ably distended. 

Again,  owing  to  the  close  proximity  of  these  large  vessels  to  the 
skin,  deeply  spreading  ulcerative  processes  (fhagedand)  or  ulcerating 
malignant  growths  at  the  upper  part  of  the  thigh  are  attended  by  the 
grave  danger  of  a  sudden  and  perhaps  fatal  haemorrhage. 

A  wound  of  the  femoral  vein,  apart  from  that  of  the  artery,  is  also  a 
grave  form  of  injury,  the  principal  risk,  beyond  the  immediate  one  which 
necessarily  attends  loss  of  blood,  being  moist  gangrene  of  the  limb,  such  a 
complication  being  very  prone  to  follow  complete  occlusion  of  this  large 
venous  trunk.  To  minimise  this  risk  it  has  been  proposed  to  tie  the 
femoral  artery,  not  the  common  femoral,  however,  as  this  would  increase 
the  danger  of  gangrene  by  depriving  the  limb  almost  entirely  of  blood, 
but  the  superficial  femoral,  the  deep  femoral  artery  being  left  available  for 
the  supply  of  the  thigh,  and  by  means  of  its  numerous  anastomoses  to 
maintain  an  adequate  blood-flow  throughout  the  limb. 

Ligature  of  the  Femoral  Artery. — The  artery  may  require  the 
application  of  a  ligature  in  any  part  of  its  course  ;  the  more  common  sites 
selected,  however,  are — (i)  immediately  below  Poupart's  ligament — 
common  femoral  artery  ;  (2)  the  apex  of  Scarpa's  triangle — superficial 
femoral  artery  ;  (3)  Hunter's  canal. 

I.  Ligature  of  the  Common  Femoral  Artery  is  a  comparatively 
simple  procedure  owing  to  the  superficial  position  of  the  vessel,  the 
exactness  with  which  it  may  be  approached,  and  the  ease  with  which  it 
may  be  isolated  from  its  surroundings,  especially  from  the  femoral  vein, 
each  vessel  at  this  level  occupying  a  separate  compartment  within  the 
femoral  sheath.  Certain  weighty  contra-indications,  however,  against 
this  site  must  be  considered.  The  length  of  the  common  femoral 
artery,  as  a  rule,  does  not  exceed  one  and  a  half  inches ;  very  frequently, 
indeed,  the  distance  between  the  origins  of  the  deep  circumflex  iliac  and 
deep  epigastric  arteries  (external  iliac)  above  and  that  of  the  profunda 
or  deep  femoral  below  does  not  exceed  this  limit,  the  exact  point  at 
which  the  latter  vessel  is  given  off  being  subject  to  some  variability. 
Furthermore,  the  common  femoral  artery  gives  off  three  small 
superficial  branches  (see  above),  and  in  some  instances  the  ex- 
ternal or  internal  circumflex  artery  may  be  found  taking  origin  from 
it  also.  Consequently  it  is  not  surprising  that  the  application  of  a 
ligature  to  a  vessel  so  circumstanced  is  a  dangerous  procedure,  seeing 
what  a  small  portion  of  its  interior,  on  each  side  of  the  ligature,  is 
available  for  the  formation  of  a  firm  coagulum,  this  being  prevented  by  the 
blood  circulating  in  the  adjoining  branches.  Under  such  conditions  the 
danger  of  secondary  haemorrhage  is  undoubtedly  great,  and  it  is  for  this 
reason  mainly  that  ligature  of  the  external  iliac  artery  is  to  be  preferred. 
Ligature  of  the  common  femoral  artery,  too,  cuts  off  the  main  supply  of 
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blood  from  the  lower  limb  and  entails  the  risk  of  gangrene.  Ligature  of 
the  superficial  femoral  artery,  on  the  other  hand,  does  not  meet  with 
this  objection  as  the  deep  femoral  artery  and  its  branches  succeed 
in  maintaining  an  adequate  anastomotic  current. 

Operation. — The  thigh  having  been  slightly  flexed,  abducted,  and 
rotated  outwards,  a  vertical  incision  about  three  inches  in  length  is  made 
in  the  line  of  the  artery,  its  upper  extremity  extending  just  above 
Poupart's  ligament.  As  the  superficial  tissues  are  being  divided  it 
may  be  necessary  to  displace  or  remove  one  of  the  superficial 
lymphatic  glands  or  to  ligature  one  of  the  superficial  branches  of  the 
femoral  artery  (fig.  158).  The  division  of  the  iliac  portion  of  the  fascia 
lata  brings  into  view  the  anterior  wall  of  the  femoral  sheath.  A 
limited  opening  is  now  made  in  this  structure,  and  the  aneurysm 
needle  passed  around  the  artery  from  within  outwards,  viz.,  away 
from  the  femoral  vein.  The  artery  may  also  be  exposed  by  an  oblique 
incision  about  half  an  inch  below  and  parallel  to  Poupart's  ligament 
(Porter),  the  centre  of  the  incision  overlying  that  of  the  falciform  edge  of 
the  saphenous  opening. 

The  Collateral  Circulation  is  subsequently  maintained  by  the  anastomoses  which  are  effected 
between — (i)  The  gluteal  and  sciatic  arteries  (internal  iliac)  on  the  one  hand,  the  internal  and 
external  circumflex  and  first  perforating  arteries  (profunda)  on  the  other  ;  (2)  The  deep  circumflex 
iliac  artery  (external  iliac)  and  the  external  circumflex  (profunda) ;  (3)  The  comes  nervi  ischiadici 
and  the  perforating  branches  of  the  profunda  ;  (4)  The  obturator  and  internal  circumflex 
arteries  ;  (5)  The  internal  pudic  artery  (internal  iliac)  and  the  superficial  and  deep  external 
pudic  arteries  (femoral). 

II.  Ligature  of  the  Superficial  Femoral  Artery  at  the  apex  of 
Scarpa's  Triangle  is  performed  as  follows.  While  the  thigh  is  slightly 
flexed,  abducted,  and  rotated  outwards,  an  incision  about  three  inches  in 
length  is  made  in  the  course  of  the  artery,  its  upper  limit  extending  to 
within  two  and  a  half  inches  of  Poupart's  ligament,and  its  lower  just  beyond 
the  apex  of  Scarpa's  triangle.  The  incision  having  been  carried  through 
the  superficial  tissues  and  the  fascia  lata,  the  sartorius  muscle  is  recognised 
by  the  inward  obliquity  of  its  fleshy  fibres  and  drawn  outwards.  The 
underlying  fatty  tissue  is  traversed  by  a  process  of  blunt  dissection  and 
the  sheath  of  the  artery  exposed.  Through  a  small  aperture  made  in  this 
structure  the  artery  is  cleared  all  around,  the  femoral  vein,  which  at  this 
level  forms  for  it  a  posterior  relationship,  being  the  principal  structure  to 
be  avoided  in  passing  the  needle. 

In  the  superficial  incision  the  long  saphenous  vein  should  be  avoided  ; 
its  large  tributary,  the  external  superficial  femoral  vein,  however,  is  more 
likely  to  cross  the  line  of  incision.  In  exposing  the  sheath  and  clearing 
the  artery,  the  internal  cutaneous  branch  of  the  anterior  crural  nerve,  if 
seen,  should  be  drawn  to  one  side ;  the  long  saphenous  nerve  and  the 
nerve  to  the  vastus  internus,  which  approach  very  close  to  the  outer  side 
of  the  artery,  should  also  be  avoided. 

This  is  the  most  favourable  point  at  which  to  ligature  the  superficial 
femoral  artery,  and  it  has  consequently  been  termed  the  '  place  of  elec- 
tion.' It  is  the  site  most  frequently  selected  for  applying  a  ligature  in 
cases  of  popliteal  aneurysm,  since,  being  at  a  distance  from  the  seat  of 
disease,  the  artery  is  more  likely  to  be  exposed  in  a  healthy  part  of  its 
course  (Hunterian  operation). 
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The  Collateral  Circulation  is  maintained  by  the  anastomoses  which  exist  between  ( i )  the 
circumflex  and  perforating  branches  of  the  profunda  or  deep  femoral  artery,  and  the  gluteal  and 
sciatic  arteries  (internal  iliac)  ;  (2)  the  descending  branch  of  the  external  circumflex  artery  and 
the  superior  external  articular  branch  of  the  popliteal  and  the  anastomotic  branch  of  the 
superficial  femoral  artery  ;  (3)  the  perforating  branches  of  the  profunda  artery  and  the  popliteal. 

III.  Ligature  of  the  Superficial  Femoral  Artery  in  Hunter's  Canal  is 
but  seldom  performed  in  the  living,  except  in  cases  of  incised  or  punctured 
wounds  at  the  middle  of  the  thigh,  but  is  frequently  employed  as  an 
operative  test  upon  the  cadaver.  The  attitude  of  the  limb  being  as 
before,  an  incision  of  about  three  inches  is  made  in  the  line  of  the  artery,  in 
the  middle  third  of  the  thigh.  The  superficial  tissues  and  deep  fascia 
having  been  divided,  the  sartorius  muscle  is  exposed  and  identified  by 
the  inward  obliquity  of  its  fibres,  those  of  the  vastus  internus,  with  which 
it  is  most  likely  to  be  confounded,  having  a  marked  obliquity  downwards 
and  outwards.  The  sartorius  is  now  drawn  inwards  and  the  aponeurotic 
roof  of  Hunter's  canal  which  next  comes  into  view  is  incised  vertically.  The 
long  saphenous  nerve  which  crosses  the  artery  very  obliquely  from  without 
inwards  is  drawn  aside  and  the  artery  separated  from  the  vein  which  lies 
behind  and  somewhat  to  its  outer  side,  the  two  vessels  being  rather 
intimately  connected.  The  aneurysm  needle  is  passed  from  whichever 
side  of  the  artery  may  be  preferred. 

In  the  superficial  incision  the  long  saphenous  vein  or  one  of  its 
larger  tributaries  may  come  into  view,  and  should,  if  possible,  be  drawn 
to  one  side. 

The  collateral  circulation  is  the  same  as  in  the  last  case. 

Abscesses  in  the  Region  of  the  Thigh. — As  in  other  districts  of  the 
body,  abscesses  in  the  thigh  may  be  superficial,  i.e.  outside  the  deep 
fascia,  or  deep,  i.e.  beneath  the  deep  fascia  or  fascia  lata.  Superficial 
abscesses  have  their  origin  most  frequently  in  a  suppurating  lymphatic 
gland — inguinal  or  femoral — and  are  therefore  situated,  as  a  rule,  in  close 
proximity  to  the  fold  of  the  groin.  Their  presence  should  always  excite 
the  suspicion  of  a  neighbouring  source  of  infection,  such  as  a  septic 
breach  of  surface  at  some  part  of  the  limb,  on  the  buttock,  at  the  anus, 
or  upon  the  external  genitals. 

Deep  abscesses  of  the  thigh  are  very  often  secondary,  i.e.  they  invade 
the  thigh  from  some  adjoining  site,  and  furthermore  they  show  a  decided 
tendency  to  gravitate  beneath  the  fascia  lata,  as  this  structure,  owing  to  its 
great  strength,  offers  a  powerful  obstacle  to  the  collection  becoming  super- 
ficial ;  this,  however,  applies  mainly  to  the  chronic  or  tubercular  variety  of 
abscess.  The  commonest  sources  of  these  deep  or  subfascial  abscesses  are 
undoubtedly  the  spine  (Pott's  Caries}  and  the  hip-joint  (morbus  coxa}.  The 
anatomy  of  a  psoas  abscess  has  been  already  described,  p.  498 :  it 
reaches  the  thigh  usually  through  the  outer  of  the  two  compaitments 
beneath  Poupart's  ligament,  viz.,  the  lacuna  musculorum,  in  company  with 
the  anterior  crural  nerve  and  is  easily  reached  at  this  level  by  a  vertical 
incision  outside  and  parallel  to  the  femoral  artery.  Left  to  itself  it 
usually  descends  along  the  outer  side  of  the  femoral  sheath  to  the  origin 
of  the  deep  femoral  artery  and  may  subsequently  travel  backwards  with  the 
internal  circumflex  artery  to  the  back  of  the  thigh,  becoming  superficial  be- 
tween the  adductor  magnus  and  the  quadratus  femoris,  or  it  may,  guided  by 
the  femoral  vessels,  descend  still  lower  and  point  at  the  inner  aspect  of  the 
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thigh.  A  case  has  been  described  by  Sir  John  Erichsen  in  which  a  psoas 
abscess  pointed  beside  the  tendo  Achillis.  Deep  abscesses  in  the  thigh, 
secondary  to  morbus  coxae,  will  be  alluded  to  in  connection  with  the 
applied  anatomy  of  this  disease  (p.  624).  Another  common  site  for 
abscess  in  the  thigh  is  the  upper  part  of  the  popliteal  space ;  the 
anatomical  points  to  be  noted  in  connection  with  suppuration  in  this 
locality,  however,  will  be  considered  in  the  section  dealing  with  the  knee- 
joint  and  its  surroundings  (p.  648). 

A  very  severe  form  of  deep  abscess  of  the  thigh  is  that  which  has 
for  its  origin  an  acute  infective  periostitis  of  the  femur  ;  for  further 
remarks  concerning  it  see  p.  636. 

THE  HIP-JOINT — In  this  articulation  the  head  of  the  femur 
articulates  with  the  deep  cavity  on  the  outer  aspect  of  the  innominate 
bone  known  as  the  acetabulum.  In  addition  to  a  brief  description  of 
these  parts,  and  before  considering  the  ligamentous  structures,  it  will  be 
necessary  to  mention  some  facts  relative  to  the  anatomy  of  the  neck  of 
the  femur  and  the  trochanters,  as  these  come  prominently  into  notice  in 
connection  with  the  applied  anatomy  of  the  joint. 

The  Head  of  the  Femur  presents  a  smooth  globular  surface  covered  by  hyaline  cartilage, 
the  junction  of  which  with  the  neck  is  marked  by  a  sinuous  line.  Occasionally  the  cartilage 
is  prolonged  for  some  distance  over  the  anterior  aspect  of  the  neck,  especially  in  cases  in 
which  the  thighs  are  constantly  made  to  assume  the  flexed  attitude  (tailors,  acrobats).  In  this 
position  the  front  of  the  neck  is  forced  against  the  anterior  rim  of  the  acetabulum,  the  result 
being  the  development  of  a  pressure  facet.  A  small  conical  depression  is  situated  above  and 
behind  the  summit  of  the  head ;  its  upper  part  gives  attachment  to  the  ligamentum  teres  ;  its 
lower  part,  however,  over  which  the  ligament  glides,  is  quite  smooth.  The  head  of  the  bone 
has  a  separate  epiphysis  in  which  a  bony  nucleus  appears  in  the  course  of  the  first  year  and 
joins  the  neck  sometimes  between  the  eighteenth  and  the  twentieth  year. 

The  Neck  of  the  Femur  near  its  junction  with  the  head  is  cylindrical  and  somewhat 
constricted  ;  it  increases  in  size,  however,  especially  in  the  vertical  direction,  and  at  the  same 
time  becomes  distinctly  flattened  from  before  backwards  at  its  outer  extremity  which  fuses  with 
the  inner  aspect  of  the  great  trochanter  and  with  the  upper  extremity  of  the  shaft,  forming  with 
it  an  angle  of  about  125°.  The  long  axis  of  the  neck  is  directed  upwards,  inwards,  and  slightly 
forwards.  Its  anterior  surface  lies  entirely  within  the  attachment  of  the  capsule  ;  but  only  two- 
thirds  of  its  posterior  surface  are  inside  the  capsular  attachment  ;  the  outer  third  presents  a 
shallow  vertical  groove  which,  as  it  ascends,  becomes  progressively  narrower,  and  terminates  in  a 
deep  pit  upon  the  inner  aspect  of  the  great  trochanter.  The  tendon  of  the  obturator  externus 
muscle  rests  against  this  area,  and  is  inserted  into  the  bottom  of  the  pit  (obtttrator  fossa). 
The  lower  part  of  the  neck  is  strengthened  by  a  stout  bar  of  compact  bone,  which  curves 
upwards  and  inwards  between  the  lesser  trochanter  and  the  femoral  head.  For  further  details 
concerning  the  structure  of  the  neck  see  p.  633.  In  the  recent  state  the  intra-articular  portion 
of  the  neck  of  the  femur,  in  addition  to  a  covering  of  synovial  membrane  and  its  own  proper 
periosteal  sheath,  is  invested  by  a  number  of  fibrous  bands  which  are  derived  from  the 
capsule  ai  its  outer  attachment  and  are  reflected  inwards  over  the  neck  as  far  as  its  junction 
with  the  head  ;  they  are  known  as  the  retinacula  or  cervical  ligaments  (Smith  ;  Stanley  ; 
Weitbrecht). 

The  Great  Trochanter  is  an  irregularly  quadrilateral  mass  of  tone  which  caps  the  upper 
and  outer  extremity  of  the  shaft  of  the  femur.  A  small  conical  projection  at  its  upper  and 
anterior  part,  usually  alluded  to  as  the  tubercle  of  the  femur,  marks  the  commencement  of  the 
anterior  intertrochanteric  line  which  is  directed  downwards  and  inwards  between  the  front  of 
the  neck  and  the  shaft  and  marks  the  outer  limit  of  the  capsular  attachment  in  front.  The 
rough  anterior  surface  of  the  trochanter  provides  insertion  for  the  gluteus  minimus  muscle.  Its 
upper  border,  which  is  rather  narrow  and  incurved,  gives  insertion  to  the  tendons  of  the  obturator 
internus  and  pyriformis  muscles,  and  at  its  junction  with  the  posterior  border  forms  a  sharp  angle 
which  is  prominent  and  easily  felt  through  the  overlying  tissues — trochanteric  angle.  The  outer 
surface  of  the  trochanter  is  quadrilateral,  and  is  crossed  diagonally  by  a  faint  ridge,  viz.,  from  its 
postero-superior  to  its  antero-inferior  angle.  This  ridge  and  the  surface  of  bone  above  it  provide 
attachment  for  the  tendon  of  the  gluteus  medius  muscle  ;  the  area  below  the  ridge  is  smooth  and 
is  separated  in  the  recent  state  from  the  tendon  of  the  gluteus  maximus  muscle  by  a  bursa 
(trochanteric  bursa}.  The  inner  surface  of  the  trochanter,  for  the  most  part,  fuses  with  the 
cancellous  tissue  of  the  neck  and  shaft  of  the  femur  ;  its  upper  and  back  part,  however,  is  free  and 
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overhangs  the  postero-superior  aspect  of  the  neck,  and  forms  with  it  the  deep  pit  known  as  the 
trochanteric  fossa.  The  trochanter  is  limited  behind  by  a  rounded  border  which  is  directed 
obliquely  downwards  and  inwards  to  the  lesser  trochanter,  and  has  been  named  the  posterior  inter- 
trochanteric crest ;  in  part  of  its  extent  this  crest  gives  attachment  to  the  quadratus  femoris  muscle. 
The  great  trochanter  has  a  separate  epiphysis  which  appears  between  the  second  and  third  years, 
and  joins  the  neck  and  the  shaft  in  the  eighteenth  or  nineteenth  year. 

The  Lesser  Trochanter  forms  a  conical  projection  of  somewhat  variable  proportions  at 
the  posterior  aspect  of  the  shaft,  below  and  behind  the  neck  of  the  bone.  In  addition  to 
providing  insertion  for  the  tendon  of  the  ilio-psoas  muscle  it  forms  the  central  point  from  which 
three  strong  ridges  diverge,  viz.,  (a)  a  supero-external,  which  corresponds  to  the  posterior 
intertrochanteric  crest ;  (6)  a  supero-internal,  which  is  directed  beneath  the  neck  of  the  bone  to 
the  head  ;  and  (<:)  a  lower,  which  is  directed  vertically  downwards  to  the  upper  part  of  the  linea 
aspera.  The  lesser  trochanter  has  a  separate  epiphysis  which  appears  about  the  fourteenth  year 
and  joins  the  shaft  in  the  eighteenth  year. 

The  Acetabulum  is  a  deep  cup-shaped  socket  situated  upon  that  part  of  the  antero-external 
aspect  of  the  innominate  bone  at  which  its  three  primitive  segments  meet,  viz. ,  the  ilium,  the  ischium, 
and  the  os  pubis.  These  are  connected  at  first  by  a  triradiate  or  Y-shaped  mass  of  cartilage  which 
commences  to  ossify  about  the  twelfth  year,  and  has  completely  disappeared,  as  a  rule,  by  the  six- 
teenth year,  the  three  bony  segments  having  then  fused.  The  acetabulum  is  surrounded  in  a  large 
part  of  its  extent  by  a  sharp  bony  margin,  but  its  continuity  is  interrupted  below  by  the  deep 
cotyloid  notch  which  leads  to  an  irregular  rough  area  at  the  bottom  of  the  cavity,  the  contents 
of  which  in  the  recent  state  consist  of  some  fatty  tissue  covered  by  synovial  membrane  against 
which  the  ligamentum  teres  or  interarticular  ligament  rests.  The  remainder  of  the  acetabulum, 
which  corresponds  approximately  to  its  anterior,  upper,  and  posterior  aspects,  is  covered  by 
hyaline  cartilage  and  presents  a  smooth  polished  surface  with  a  horseshoe  outline.  In  the  recent 
state  also  the  cotyloid  notch  is  bridged  across  by  a  band  of  ligamentous  fibres  known  as  the  trans- 
verse ligament,  beneath  which  certain  of  the  articular  blood -vessels  and  nerves  enter  the  acetabulum. 
Both  the  transverse  ligament  and  the  acetabular  margin  are  overlaid  and  give  attachment  to  a 
circular  band  of  fibro-cartilage,  prismatic  on  section — the  cotyloid  ligament.  This  structure 
increases  the  depth  of  the  socket  for  the  head  of  the  femur  and  at  the  same  time  narrows  its  outlet 
very  considerably,  being  well  adapted  to  the  femoral  neck,  fitting  it,  in  fact,  like  an  air-tight  collar. 
The  floor  of  the  acetabulum  is  related  internally  to  the  flat  surface  of  bone  which  gives  attach- 
ment to  the  obturator  internus  muscle  and  forms  the  lateral  bony  wall  of  the  pelvic  cavity.  The 
portion  of  bone  which  corresponds  to  the  rough  non-articular  par^.  of  the  acetabulum  is  very 
thin,  a  fact  which  is  readily  demonstrated  by  holding  the  bone  between  the  observer  and  the 
light.  That  part  of  the  innominate  bone  which  is  related  to  the  upper  aspect  of  the 
acetabulum  is  very  strong  and  forms  part  of  a  strong  buttress  which  is  continued  upwards  in  front 
of  the  great  sacro-sciatic  notch  to  the  sacro-iliac  articulation  and  transmits  the  weight  of  the 
trunk  to  the  head  of  the  femur  in  the  erect  attitude.  Another  strong  buttress  extends  from  the 
lower  and  back  part  of  the  acetabulum  downwards  to  the  tuber  ischii  ;  in  conjunction  with  its 
fellow  it  helps  to  transmit  the  weight  of  the  body  in  the  sitting  posture. 

LIGAMENTS. — The  Capsular  Ligament  of  the  hip-joint  is  very  strong,  but  not  to  an 
equal  extent  in  all  its  parts.  It  is  attached  above  or  internally  to  the  margin  of  the  acetabulum 
and  the  cotyloid  ligament ;  some  of  its  fibres  are  connected  also  with  the  transverse  ligament 
which  bridges  across  the  cotyloid  notch.  Its  lower,  outer,  or  femoral  attachment  follows  the 
anterior  intertrochanteric  line  in  front ;  superiorly,  it  coincides  with  the  junction  of  the  neck  and 
great  trochanter  ;  inferiorly,  it  is  attached  to  the  lower  border  of  the  neck  near  the  lesser 
trochanter,  and  posteriorly  also  to  the  neck  at  the  junction  of  its  outer  and  middle  thirds. 

The  fibres  of  which  the  capsule  is  composed  run  both  longitudinally  and  circularly.  The 
longitudinal  fibres  are  most  strongly  pronounced  in  front,  and  in  some  places  are  collected 
together  forming  bands  more  or  less  distinct.  The  circular  fibres  of  the  capsule  are  most  evident 
behind. 

The  following  accessory  bands,  formed  by  the  longitudinal  fibres,  have  received  special 
names,  and  possess  very  considerable  importance.  ( I )  The  ilio-femoral  ligament.  This  portion 
of  the  capsule  is  situated  in  front,  and  is  found  to  circumscribe  a  triangular  area  which  has  its 
apex  above  at  the  anterior  inferior  spine  and  its  base  below  at  the  anterior  intertrochanteric 
line.  On  close  examination,  however,  its  fibres  appear  to  be  most  accentuated  at  the  outer  and 
inner  limits  of  this  area,  and  it  has  been  subdivided  accordingly  into  two  bands.  The  inner  of  these, 
or  the  true  ilio-femoral  ligament  (fig.  157),  descends  almost  vertically  to  the  lower  part  of  the 
anterior  intertrochanteric  line ;  the  outer  is  directed  to  the  upper  part  of  this  line  and  the 
adjacent  part  of  the  neck  of  the  femur  and  is  known  as  the  ilio-trochanteric  ligament.  These 
two  bands  taken  together  present  the  appearance  of  an  inverted  Y,  and  consequently  are  very 
frequently  alluded  to  as  the  Y-shaped  ligament  (Bigelow).  (2)  The  pectineo-femoral  ligament 
is  made  up  of  a  band  of  fibres  which  springs  from  the  ilio-pectineal  eminence,  the  adjoining 
portion  of  the  obturator  crest  and  the  outer  aspect  of  the  thyroid  membrane,  and  is  directed 
downwards  and  outwards  to  the  lower  part  of  the  capsule,  some  of  its  fibres  meeting  those  of 
the  ilio-femoral  ligament  at  their  femoral  attachment  (fig.  157).  The  thinnest  part  of  the 
capsule  is  situated  between  the  ilio-femoral  and  pectineo-femoral  ligaments,  in  fact  there  is 
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sometimes  a  deficiency  here  which  permits  of  the  synovial  membrane  of  the  joint  coming  into 
direct  communication  with  the  bursa  beneath  the  ilio-psoas  muscle.  (3)  The  ischio-femoral 
ligament  is  situated  at  the  lower  and  back  part  of  the  capsule.  It  springs  from  the  lower  part 
of  the  rim  of  the  acetabulum,  above  the  groove  for  the  obturator  externus  tendon.  The  fibres  of 
which  it  is  composed  are  directed  upwards  with  a  very  marked  degree  of  obliquity  across  the 
posterior  part  of  the  capsule  to  the  upper  and  posterior  part  of  the  neck  of  the  femur  adjoining 
the  trochanteric  fossa.  This  ligament  fuses  with  the  circular  fibres  of  the  capsule  which  are 
so  pronounced  posteriorly—  zona  orbicularis.  When  the  hip  is  flexed,  the  fibres  of  this  ligament 
pursue  an  almost  straight  line  between  their  bony  attachments.  In  consequence  of  their  very 
marked  obliquity  in  the  extended  position,  however,  they  have  received  the  name  'zonular 
band. ' 

The  Cotyloid  Ligament  is  a  circular  band  of  fibro-cartilage,  prismatic  on  section.  Its 
outer  thick  basal  part  is  attached  to  the  rim  of  the  acetabulum,  but  opposite  the  cotyloid  notch  it 
rests  upon  and  becomes  intimately  fused  with  the  transverse  ligament  which  bridges  over  the  gap, 
converting  it  into  a  rounded  aperture  within  which  is  contained  some  fatty  tissue,  and  through 
which  pass  the  principal  vessels  and  nerves  supplying  the  articulation. 

The  Ligamentum  Teres  or  Round  Ligament  presents  the  appearance  rather  of  a 
flattened  band  about  one  and  a  half  inches  in  length,  drawn  out  so  as  to  resemble  a  very 
attenuated  triangle.  By  its  outer  narrow  extremity  it  is  attached  to  the  upper  part  of  a  small 
depression  close  to  the  summit  of  the  head  of  the  femur  ;  by  its  other  extremity  it  is  attached  to 
the  bone  at  each  side  of  the  cotyloid  notch  and  to  the  transverse  ligament. 

The  Synovial  Membrane  of  the  joint  lines  the  inner  aspect  of  the  capsule,  and  opposite 
the  femoral  attachment  of  the  latter  is  reflected  inwards  over  the  neck  of  the  femur  and  the  retin- 
acula.  From  the  inner  or  iliac  attachment  of  the  capsule  the  membrane  is  reflected  over  the 
cotyloid  ligament ;  it  also  surrounds  the  ligamentum  teres,  and  overlies  the  mass  of  fat  which 
occupies  the  rough  non-articular  part  of  the  acetabulum.  As  in  other  joints,  it  possesses  a  number 
of  folds  or  fringes  which  are  most  evident  along  the  outer  and  inner  lines  of  reflexion  ;  others  are 
also  seen  in  relation  to  the  upper  and  lower  aspects  of  the  neck.  Occasionally  the  membrane 
communicates  with  the  bursa  beneath  the  psoas  through  an  aperture  in  the  front  of  the  capsule. 

Blood-vessels. — The  principal  sources  from  which  the  blood  supply  of  the  joint  is  derived 
are  the  internal  and  external  circumflex  and  obturator  arteries. 

Nerves. — Articular  filaments  reach  the  joint  (i)  from  the  anterior  crural  nerve  in  front,  (2) 
from  the  obturator  nerve  in  front  and  internally  and  (3)  from  the  sacral  plexus  behind,  usually  by 
way  of  the  nerve  to  the  quadratus  femoris  muscle. 

The  Hip-Joint  is  the  most  perfect  example  of  the  enarthrodial  or 
ball-and-socket  variety  of  articulation  in  the  body.  In  contrast  with  the 
shoulder-joint,  the  socket  which  lodges  the  head  of  the  femur  is  much 
deeper  than  that  for  the  reception  of  the  head  of  the  humerus ;  the 
capsule,  too,  is  not  nearly  so  lax  as  in  the  shoulder,  and  it  is  greatly 
strengthened  by  the  accessory  bands  described  above.  The  cotyloid 
ligament,  from  its  accurate  adaptation  to  the  neck  of  the  femur,  forms 
a  closely  fitting  collar  which  enables  the  atmospheric  pressure  to  act  at 
a  great  advantage  in  maintaining  the  articular  surfaces  in  contact,  as 
may  be  readily  demonstrated  in  the  course  of  a  dissection  of  the  joint. 
Thus  if,  when  the  capsule  has  been  defined,  a  circular  incision  be  made 
through  it  just  outside  the  cotyloid  ligament,  it  will  be  found  that  the 
head  of  the  femur  still  remains  in  contact  with  the  acetabulum  and  that 
a  considerable  degree  of  force  is  required  to  draw  the  two  apart.  The 
strength  of  the  joint  to  a  considerable  extent  depends  also  upon  the 
powerful  muscles  by  which  it  is  surrounded  on  all  sides.  Those  which 
immediately  overlie  the  capsule  are  arranged  around  its  exterior  in  the 
following  order :  above,  the  gluteus  minimus  and  the  rectus  femoris  with 
its  two  tendinous  heads  of  origin  ;  in  front,  the  ilio-psoas ;  below,  the 
obturator  externus ;  behind,  the  pyriformis,  obturator  internus  with  the 
two  gemelli,  and  the  quadratus  femoris. 

While  the  foregoing  factors  contribute  in  making  the  hip-joint  very 
secure  and  giving  it  the  necessary  degree  of  stability  for  maintaining  the 
erect  attitude  and  permitting  of  locomotion,  yet  the  range  of  movement 
of  which  it  is  capable  is  much  less  free  than  in  the  shoulder-joint. 
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The  length  of  the  neck  of  the  femur  and  the  outstanding  projection 
formed  by  the  great  trochanter  afford  very  powerful  leverage  to  the 
muscles  attached  to  this  bony  prominence. 

Movements. — All  varieties  of  movement  are  possible  at  the  hip-joint, 
viz.,  flexion,  extension,  adduction,  abduction,  rotation,  and  circumduction. 
Flexion  especially  has  a  very  free  range.  When  the  knee  is  bent  this 
movement  is  only  checked  by  contact  of  the  thigh  with  the  anterior 
abdominal  parietes ;  when  the  knee  is  straight,  however,  flexion  of  the  hip 
is  much  less  free  and  cannot  be  carried  beyond  a  right  angle  owing  to 
the  tension  of  the  hamstring  muscles,  as  when  one  attempts  to  touch  the 
ground  with  the  ringers  without  bending  the  knees.  The  movement  of 
extension  is  arrested  by  the  ilio-femoral  ligament  when  the  lower  limb 
comes  to  lie  in  the  same  straight  line  with  the  trunk.  This  very  stout 
ligament,  tightly  stretched  over  the  head  and  anterior  aspect  of  the  neck 
of  the  femur,  is  a  powerful  brace  to  the  front  of  the  joint.  As  the  line  of 
gravity  of  the  body  falls  behind  the  centres  of  the  hip-joints  it  follows 
that  there  must  be  a  constant  tendency  for  the  pelvis  to  roll  backwards 
upon  the  femora ;  this  tendency,  however,  is  counteracted  by  the  ilio- 
femoral  ligaments,  their  strength  and  tension  prevent  such  a  movement 
taking  place,  and  in  this  way  a  mechanical  arrangement  is  provided  which 
does  away  with  the  necessity  for  sustained  muscular  effort.  The  move- 
ment of  abduction,  which  is  free,  is  checked  by  the  pectineo-femoral 
ligament  and  by  contact  of  the  upper  part  of  the  neck  of  the  femur  with 
the  margin  of  the  acetabulum  ;  when  it  reaches  its  full  range  the  head  of 
the  femur  glides  outwards  over  the  cotyloid  ligament  and  lower  part  of  the 
acetabulum  and  presses  against  the  lower  part  of  the  capsule.  Outward 
rotation  is  checked  by  the  ilio-femoral  ligament  when  the  thigh  is 
extended  ;  it  is  checked  by  the  ilio-trochanteric  ligament,  and  to  some 
extent  also  by  the  ligamentum  teres,  when  the  thigh  is  flexed.  Adduction 
with  the  thigh  extended  is  necessarily  very  limited  in  consequence  of  the 
limb  coming  into  contact  with  its  fellow.  Its  range  is  much  more  exten- 
sive when  the  thigh  is  slightly  flexed,  but  it  is  restrained  in  this  attitude 
by  the  ilio-trochanteric  ligament  and  by  the  upper  part  of  the  capsule. 
In  fuller  flexion  this  movement  is  limited  by  the  ischio-femoral  ligament 
and  by  the  tension  of  the  ligamentum  teres.  Inward  rotation  is  limited 
by  the  ilio-femoral  ligament  when  the  thigh  is  extended  ;  in  flexion  it  is 
restrained  by  the  ischio-femoral  ligament. 

The  weakest  portions  of  the  capsule  are  (a)  behind,  close  to  its  femoral 
attachment,  and  (b}  in  front,  between  the  ilio-femoral  and  pectineo-femoral 
ligaments.  There  may  be  a  deficiency  at  this  latter  site,  through  which  the 
synovial  membrane  of  the  joint  is  brought  into  communication  with  the 
bursa  beneath  the  ilio-psoas  muscle.  In  the  fully  extended  position  of 
the  limb  the  head  of  the  femur  comes  very  fully  into  prominence  beneath 
this  portion  of  the  capsule. 

Morbus  Coxae — Although  it  is  met  with  occasionally  as  an  acute 
affection,  arthritis  of  the  hip-joint  nevertheless,  in  the  great  majority 
of  cases,  follows  a  chronic  course  and  has  a  tubercular  origin.  The 
exact  point  at  which  the  disease  commences  varies,  it  may  be  in  the 
synovial  membrane,  the  head  or  neck  of  the  femur — the  primary  focus 
apparently  is  situated  more  commonly  in  the  neck  than  in  the  head,  and 
close  to  the  epiphyseal  cartilage — or  in  the  acetabulum. 
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Without  entering  at  length  into  the  pathology  of  morbus  coxae,  which 
would  be  out  of  place  in  this  work,  it  may  be  stated  in  brief  that  it  tends 
to  effect  very  marked  disorganisation  of  the  structures  entering  into  the 
articulation.  In  typical  cases  it  is  usual  to  find  softening  and  relaxation 
of  the  capsule,  transformation  of  the  synovial  membrane  into  a  thickened 
pulpy  mass  of  granulation  tissue,  destruction  of  the  cartilaginous  cover- 
ing of  the  acetabulum  and  head  of  the  femur,  caries  of  the  denuded 
bones,  and,  as  a  rule,  abscess  formation  within  the  joint,  the  abscess 
subsequently  making  its  way  either  through  the  capsule  in  a  superficial 
direction,  or  through  the  floor  of  the  acetabulum  into  the  pelvic  cavity. 
Dislocation  of  the  partially  disintegrated  head  of  the  femur  is  a  not 
infrequent  sequela  of  the  destructive  changes  occurring  in  the  acetab- 
ulum and  in  the  joint  capsule,  the  direction  of  the  displacement  being 
usually  backwards  and  upwards  on  to  the  dorsum  ilii. 

It  is  possible  to  recognise  three  more  or  less  well  defined  stages  in  the 
course  of  this  disease,  and  as  these  present  certain  points  of  genuine 
anatomical  interest  a  brief  consideration  of  their  leading  features  will  not 
be  out  of  place. 

First  Stage. — With  the  onset  of  inflammatory  changes  within  the  joint, 
the  lower  limb  adopts  a  very  characteristic  attitude,  viz.,  it  is  moderately 
flexed,  abducted,  and  rotated  outwards  at  the  hip.  This,  in  fact,  is  the 
position  of  greatest  ease  ;  it  permits  of  the  fullest  degree  of  relaxation  of 
the  capsule,  and  it  is  in  this  position  also  that  the  joint-cavity  is  capable 
of  containing  most  fluid.  Any  attempt  at  straightening,  i.e.  extending 
the  limb  is  strongly  resisted  by  the  contraction  of  the  muscles  surround- 
ing the  joint,  as  the  effect  of  extension  would  be  to  stretch  the  ilio-femoral 
ligament  tightly  over  the  front  of  the  articulation,  to  press  the  head  of  the 
femur  against  the  acetabulum  and  excite  very  acute  pain.  As  the  patient 
lies  upon  a  flat  surface  the  attitude  assumed  is  very  characteristic.  In 
order  to  bring  the  flexed  thigh  into  contact  with  the  surface  the  spine  is 
arched  forwards  in  the  dorso-lumbar  region  (lordosis),  and,  in  addition, 
the  pelvis  on  the  affected  side  is  tilted  downwards,  this  movement  being 
necessary  to  bring  the  abducted  limb  into  contact  with  its  fellow.  The 
transverse  axis  of  the  pelvis,  as  indicated  by  a  line  connecting  the  two 
anterior  superior  spinous  processes,  is  very  oblique,  and  this  has  the  effect  of 
giving  the  limb  on  the  affected  side  the  appearance  as  of  being  lengthened, 
although,  on  careful  measurement,  no  actual  lengthening  can  be  detected 
(apparent  lengthening).  The  degree  of  flexion  of  the  limb  may  be 
estimated  by  raising  the  affected  limb  to  a  sufficient  extent  to  straighten 
out  the  lumbar  curve  of  the  spine,  as  practically  no  movement  takes 
place  at  the  hip-joint,  it  being  rigidly  fixed  by  the  surrounding  muscles. 
A  frequent  symptom  of  the  disease  in  this  early  stage  is  flattening  of  the 
buttock  on  the  affected  side  and  disappearance  of  the  fold  of  the  nates. 
These  changes  are  due,  no  doubt,  mainly  to  the  flexed  attitude  of  the 
thigh  (p.  592),  and  to  some  extent  also  to  the  atrophy  of  the  gluteal 
muscles. 

The  pain  which  constitutes  such  an  important  initial  symptom  of 
morbus  coxae  is  very  often  referred  to  the  knee,  more  particularly  its 
inner  or  anterior  aspect.  This  is  an  interesting  reflex  phenomenon  and 
becomes  quite  intelligible  when  one  takes  into  account  the  fact  that  both 
joints  derive  their  nerve  supply  from  similar  sources,  viz.,  from  the 


624  APPLIED  ANATOMY 

anterior  crural  and  obturator  nerves  and  from  the  sacral  plexus.  It  is 
very  commonly  stated  that  the  knee  pain  is  referred  to  the  district 
supplied  by  the  geniculate  branch  of  the  obturator  nerve,  but  this  view  is 
evidently  too  exclusive. 

Second  Stage. — With  the  progress  of  the  destructive  changes  taking 
place  in  the  joint  the  attitude  of  the  limb  undergoes  a  change.  While 
flexion  at  the  hip  continues,  the  limb,  from  being  abducted  and  rotated 
outwards,  becomes  adducted  and  rotated  inwards.  Various  hypotheses 
have  been  advanced  in  explanation  of  this  change  of  attitude;  it  is 
probably  dependent,  however,  upon  a  variety  of  circumstances,  especially 
the  softened  and  relaxed  ligaments,  carious  destruction  of  the  head  of  the 
femur  and  of  the  upper  and  back  part  of  the  acetabulum,  associated 
possibly  with  weakness  of  the  external  rotator  muscles — pyriformis, 
obturator  internus,  gemelli,  and  quadratus  femoris — and  excessive  action 
of  the  adductors.  If  the  patient  be  placed  resting  upon  a  flat  surface  it 
will  be  found  that  in  order  to  bring  the  adducted  limb  alongside  its 
fellow  the  pelvis  on  that  side  is  raised,  and  that  its  transverse  axis,  as 
indicated  by  a  line  connecting  the  two  anterior  superior  spines,  is 
markedly  oblique,  the  obliquity,  however,  being  inclined  in  the  opposite 
direction  to  that  observed  in  the  first  stage.  With  this  obliquity  of  the 
pelvis,  also,  the  affected  limb  has  the  appearance  of  being  shortened,  but 
this  may  be  only  apparent,  no  actual  shortening  being  revealed  by 
measurement — apparent  shortening. 

Third  Stage. — The  essential  clinical  feature  of  this  stage  is  real 
shortening  of  the  limb  on  the  affected  side,  due  to  dislocation  of  the  head 
of  the  femur  upwards  and  backwards  on  to  the  dbrsum  ilii  while  the 
limb  remains  flexed,  adducted,  and  rotated  inwards.  It  seems  probable 
that  the  dislocation  is  the  result  of  the  destructive  changes  in  the 
ligaments  (capsular  ligament  and  ligamentum  teres)  and  in  the  bones, 
aided  by  muscular  action.  Real  shortening  of  the  limb,  however,  is  not 
necessarily  indicative  of  dislocation  ;  its  presence  may  be  due  to  absorp- 
tion of  the  head  of  the  femur  and  widening  of  the  acetabulum,  especially 
at  its  upper  and  back  part  (pseudo-dislocation).  According  to  some 
authorities  this  is  by  far  the  most  frequent  cause.  Eventually  the 
displaced  femur  may  become  firmly  ankylosed  to  the  ilium  and  the 
cavity  of  the  acetabulum  filled  by  granulation  tissue. 

Abscess  in  Morbus  Coxae. — Suppuration  in  morbus  coxae  is  the 
rule  rather  than  the  exception,  but  the  exact  period  at  which  it  makes 
its  appearance  is  somewhat  variable.  It  may  appear  during  the  pro- 
gress of  the  first  stage,  it  is  a  frequent  accompaniment  of  the  second 
and  third  stages.  Originating  within  the  joint,  it  may  cause  a  slight 
fulness  in  Scarpa's  triangle  just  below  the  centre  of  Poupart's  ligament, 
and  beneath  the  femoral  vessels.  Subsequently  it  makes  its  way 
through  the  capsule  and  infiltrates  the  peri-articular  tissues,  the  aperture 
of  exit  being  situated  usually  behind,  where  the  capsule  possesses  but 
little  strength.  The  pus  at  first  collects  between  the  glutei  muscles 
and  the  outer  surface  of  the  ilium,  and  evidently  finds  little  resistance 
to  its  progress  anteriorly,  for  it  almost  invariably  travels  forwards 
beneath  the  gluteus  minimus  to  the  deep  aspect  of  the  tensor  fasciae 
femoris  and  the  fascia  lata  of  the  thigh  and  becomes  superficial  in 
front  of  the  great  trochanter  and  behind  the  ilio-tibial  band.  The 
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abscess  may  travel  backwards,  however,  and  point  in  the  gluteal  region 
<(p.  596),  or  it  may  escape  through  the  capsule  in  front,  between  the  ilio- 
femoral  and  pectineo-femoral  ligaments,  and  enter  the  sheath  of  the  ilio- 
psoas  muscle.  Occasionally  the  abscess  makes  its  way  through  the 
acetabulum — probably  through  a  gap  in  the  Y-shaped  cartilage — into 
the  pelvis.  At  first  it  is  confined  beneath  the  periosteum  but  it  soon 
ulcerates  through  this  and  collects  between  the  obturator  internus  and 
the  bone.  Later  on  it  may  effect  considerable  destruction  of  this 
muscle  and  have  its  inner  boundary  formed  by  the  parietal  pelvic  fascia 
{these  parts  are  clearly  defined  in  fig.  1 36,  p.  5 19).  Its  further  course  varies  ; 
very  frequently  it  mounts  upwards  behind  the  horizontal  ramus  of  the 
pubis,  pierces  the  pelvic  fascia,  and  points  either  above  or  below  Poupart's 
ligament,  at  the  inner  side  of  the  femoral  vessels.  On  the  other  hand,  it 
may  travel  upwards  and  backwards  and  escape  through  the  great  sacro- 
sciatic  foramen,  or,  having  perforated  the  parietal  pelvic  fascia  on  the 
•outer  wall  of  the  ischio-rectal  fossa,  it  may  invade  this  region  and  point 
in  the  vicinity  of  the  anus,  or  even  escape  through  the  lesser  sacro- 
sciatic  foramen  into  the  gluteal  region.  It  is  to  be  noted  that  a  collection 
of  pus  situated  on  the  pelvic  aspect  of  the  acetabulum  may  be  recognised 
by  a  digital  examination  of  the  rectum. 

Dislocations  of  the  Hip. — The  following  points  in  connection  with 
the  anatomy  of  the  hip-joint  are  deserving  of  note  as  they  have  an 
important  bearing  upon  the  mode  of  production  and  upon  the  different 
varieties  of  dislocation  to  which  it  is  subject. 

The  position  of  the  acetabulum  upon  the  outer  aspect  of  the 
innominate  bone  corresponds  to  the  point  of  meeting  of  two  inclined 
planes :  an  anterior,  formed  by  the  outer  aspect  of  the  os  pubis  and  the 
ascending  ramus  of  the  ischium,  and  by  the  obturator  or  thyroid  membrane, 
in  addition,  in  the  recent  state  ;  a  posterior,  formed  by  the  lower  and  back 
part  of  the  ilium  and  by  the  posterior  aspect  of  the  body  of  the  ischium. 
These  two  planes  meet  at  an  angle  which  very  closely  approaches  90 
degrees. 

Dislocation  at  this  joint  is  rare  owing  to  the  marked  degree  of 
stability  which  it  derives  from  its  powerful  capsule,  the  deep  socket 
furnished  by  the  acetabulum,  the  strong  muscles  by  which  it  is  surrounded, 
especially  the  glutei,  ilio-psoas,  and  obturators,  and  from  the  atmospheric 
pressure.  The  security  of  the  joint  is  very  great  above,  in  front,  and 
behind  because,  at  these  points,  the  socket  of  the  acetabulum  is  deep  and 
the  acetabular  rim  particularly  strong.  At  its  lower  part  the  cavity  is  com- 
paratively shallow  and  the  continuity  of  its  rim  in  part  deficient,  viz.,  at  the 
cotyloid  notch  —  the  gap  is  bridged  across,  however,  by  ligamentous 
tissue — the  capsule,  too,  on  this  aspect  of  the  joint  is  rather  weak.  As 
already  stated  in  the  description  of  the  various  movements  permitted 
at  the  hip,  the  globular  head  of  the  femur  glides  out  of  its  socket  in  the 
movement  of  forced  abduction  and  presses  against  this  weak  part  of  the 
capsule.  Should  the  movement  be  carried  to  excess,  the  great  trochanter 
and  the  upper  part  of  the  femoral  neck  coming  into  contact  with  the 
summit  of  the  acetabulum,  which  acts  as  a  fulcrum,  a  powerful  leverage 
is  brought  to  bear  upon  the  lower  part  of  the  capsule,  the  head  of  the 
femur  bursts  through  and  is  displaced  downwards  and  slightly  for- 
wards in  the  direction  of  the  thyroid  foramen. 

40 
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It  is  generally  believed  that  traumatic  dislocations  at  the  hip,  in  the 
great  majority  of  instances,  are  the  result  of  forcible  leverage  applied  to 
the  lower  limb  (abduction),  and  that,  as  a  rule,  the  primary  displacement  is 
in  the  direction  just  described,  viz.,  downwards  and  slightly  forwards. 
Secondary  displacements,  however,  take  place  very  commonly,  their  direc- 
tion evidently  depending  on  the  force  of  the  injury  and  the  manner  in 
which  it  is  applied.  "Presuming  that,  while  the  head  of  the  femur  is  in 
its  primary  displaced  position,  the  limb  is  flexed  and  rotated  inwards,  or 
if  the  pelvis  execute  a  corresponding  movement  upon  the  thigh,  the 
tendency  will  be  for  the  head  to  slip  backwards  along  the  posterior 
inclined  plane  just  described;  it  may  mount  upwards  also  for  some 
little  distance  and  come  to  rest  upon  the  dorsum  ilii,  or  pass  more 
directly  backwards  on  to  the  ischium  in  the  vicinity  of  the  ischial  spine, 
especially  if  at  the  time  of  the  injury  the  thigh  is  very  fully  flexed, 
adducted,  and  inverted.  If,  on  the  other  hand,  the  limb  be  sub- 
jected to  an  outwardly  rotating  force,  the  head  of  the  femur  will  tend 
to  move  from  its  primary  position  forwards  in  the  direction  of  the 
anterior  inclined  plane,  and  upwards  in  front  of  the  horizontal  ramus  of 
the  pubis. 

Although  it  is  possible  for  the  head  of  the  femur  when  dislocated  to 
take  up  a  position  at  any  point  upon  the  periphery  of  the  acetabulum,  yet  it 
is  customary  to  speak  of  four  main  varieties  of  dislocation  (Sir  A.  Cooper) : 
(i)  Dislocation  backwards  and  upwards — 'dislocation  on  to  the  dorsum 
ilii.'  (2)  Dislocation  backwards — '  dislocation  into  the  sciatic  notch.' 
(3)  Dislocation  downwards — 'dislocation  into  the  obturator  or  thyroid 
foramen.'  (4)  Dislocation  forwards — '  dislocation  on  to  the  pubis.' 

Other  classifications  have  been  described  by  Bigelow,  Allis,  and 
others  ;  the  one  just  given,  however,  has  the  merit  of  being  the  least 
complicated  and  the  most  easily  understood. 

The  Y-shaped  ligament  comes  very  prominently  into  note  in  the 
various  forms  of  traumatic  dislocation  at  the  hip-joint.  Owing  to  its 
great  strength  it  usually  remains  untorn,  and  when  the  head  of  the 
femur  has  left  its  socket,  it  forms  the  fulcrum  of  a  lever,  of  which  the  long 
arm  is  represented  by  the  shaft  and  the  short  arm  by  the  neck  of  the 
femur.  It  is  this  ligament  in  reality  which  to  a  large  extent  determines 
the  various  secondary  positions  of  the  head  of  the  bone  and  the  corre- 
sponding attitude  of  the  limb  ;  furthermore,  as  Bigelow  very  clearly 
pointed  out,  it  furnishes  the  true  key  to  the  particular  manipulations 
which  are  best  calculated  to  effect  the  reduction  of  the  various  dis- 
locations. 

(i)  Dislocation  on  to  the  dorsum  ilii  is  the  most  common  form,  and 
the  manner  in  which  it  appears  to  be  produced  has  already  been  indi- 
cated. It  has  been  asserted,  however,  that  it  may  take  place  when  the 
thigh  is  flexed,  adducted,  and  rotated  inwards,  the  effect  of  such  move- 
ment when  carried  to  excess  being  rupture  of  the  posterior  part  of  the 
capsule  and  of  the  ligamentum  teres,  followed  by  the  escape  of  the  head 
of  the  bone  over  the  outer  and  posterior  margin  of  the  acetabulum.  The 
femur  then  turns  upon  its  attachment  to  the  Y-ligament,  and  its  head 
rises  to  a  somewhat  higher  level  behind,  but  seldom  exceeds  that  of  the 
summit  of  the  sciatic  notch ;  it  lies  also  above  the  tendon  of  the  obturator 
internus  muscle. 
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The  attitude  of  the  limb  is  very  characteristic ;  it  is  flexed,  adducted, 
and  rotated  inwards,  this  position  being  determined  mainly,  if  not 
entirely,  by  the  tension  of  the  Y-ligament  and  the  direction  of  the 
inclined  plane  against  which  the  head  and  neck  of  the  femur  rest.  With 
this  upward  displacement  of  the  femur  shortening  is  always  present,  and 
its  degree  may  be  readily  estimated  by  noting  how  far  the  summit  of  the 
great  trochanter  exceeds  Nelaton's  line.  There  is  a  marked  alteration 
also  in  the  contour  of  the  hip  ;  the  depression  behind  the  trochanter  is 
wanting,  the  fold  of  the  nates  is  raised,  there  is  an  unusual  fulness  also 
of  the  buttock,  and  it  may  be  possible  to  feel  or  even  see  the  head  of  the 
femur  moving  beneath  the  gluteus  maximus.  Abduction  and  outward 
rotation  of  the  limb  are  impossible. 

(2)  Dislocation  backwards — '  Dislocation  on  to  the  ischium  ' — '  Dis- 
location into  the  sciatic  notch'  (Cooper). — The  mode  of  production  of  this 
dislocation  is  very  similar  to  the  last  ;  in  fact,  the  two  have  been  collec- 
tively  classified   as   dislocation  backwards  (Bigelow),  the  dorsal  being 
a  more  advanced  degree  of  the  sciatic  form.     While  the  signs  of  both 
closely   correspond,   flexion    and    inversion    are   usually   more    marked 
in  the  sciatic  dislocation.       In  this  form  also  the  head  of  the   femur 
rests  upon  the  back  of  the  ischium  close  to  its  spine,  partially  over- 
lying  the   two   sacro- sciatic   foramina   and   below   the   tendon   of  the 
obturator  internus  muscle. 

Mode  of  Reduction  of  backward  Dislocations. — There  is  little  doubt 
that  the  main  obstacle  to  the  reduction  of  the  head  of  the  femur  is  the 
tension  of  the  Y-ligament,  which  comes  very  strongly  into  play  when  an 
extending  force  is  applied  to  the  limb.  To  obviate  this,  the  first  step  in 
reduction  consists  in  flexing  the  thigh  on  the  pelvis  and  adducting  the 
limb  as  this  tends  to  disengage  the  head  of  the  femur  and  enable  it  to 
be  brought  back  along  the  posterior  inclined  plane  of  the  acetabulum  in 
the  direction  of  the  opening  in  the  capsule.  The  thigh  is  now  circum- 
ducted  outwards  so  as  to  bring  the  head  of  the  femur  opposite  its  socket. 
Finally,  the  thigh  is  rotated  outwards  and  extended  somewhat  suddenly, 
i.e.  brought  into  contact  with  the  couch.  The  tension  put  upon  the 
Y-ligament  in  this  last  movement  should,  if  applied  successfully,  result 
in  the  head  of  the  femur  slipping  back  into  the  acetabulum,  perhaps  with 
an  audible  click.  Stated  briefly,  the  rule  laid  down  by  Bigelow  for 
effecting  reduction  is  "  lift  up,  bend  out,  roll  out,  extend." 

(3)  Dislocation  downwards  and  forwards — 'Thyroid   dislocation,' 
or  '  Dislocation  into  the  obturator  foramen.' — In  this  variety  the  head  of 
the  femur  comes  to  rest  in  the  position  in  which  it  is  primarily  displaced, 
viz.,  opposite  the  obturator  foramen,  below  and  in  front  of  its  normal 
position.     The  Y-shaped  ligament  here  also  remains  untorn,  and  in  con- 
junction with  the  ilio-psoas  muscle  helps  to  maintain  the  limb  slightly 
flexed,  abducted,  and  rotated  outwards.     The  great  trochanter  is  de- 
pressed  and   less   prominent   than   on   the   sound  side,  and  its  upper 
extremity  impinges  against  the  lower  border  of  the  acetabulum. 

Mode  of  effecting  reduction. — As  the  individual  lies  supine  the  knee 
is  bent  and  the  thigh  flexed  to  a  right  angle.  The  next  step  consists  in 
abducting  the  limb  slightly  and  rotating  it  inwards  in  order  to  free  the 
head  of  the  bone.  Finally,  the  limb  is  adducted,  and  by  a  quick  move- 
ment of  extension  brought  into  contact  with  the  couch  or  table  upon 
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which  the  individual  is  lying.  Stated  in  the  briefest  possible  form, 
the  rule  here  is  "flex,  adduct,  invert."  It  will  be  observed  that  the 
manipulative  procedure  adopted  in  this  case  is  exactly  the  opposite 
of  the  last.  In  the  final  extension  movement,  the  fulcrum  action  of 
the  Y-shaped  ligament  causes  the  head  of  the  femur  to  travel  upwards 
and  outwards  into  the  acetabulum. 

(4)  Dislocation  forwards  and  upwards. — '  Dislocation  upon  the 
pubis'  is  but  an  advanced  form  of  the  last ;  the  head  of  the  femur,  from 
its  primary  position,  below  and  slightly  in  front  of  the  acetabulum, 
advances  forwards  and  upwards  in  front  of  the  horizontal  ramus  of  the 
pubis  opposite  the  ilio-pectineal  eminence,  being  impelled  in  this  direction 
by  a  powerful  everting  force  applied  to  the  limb.  In  this  position  the 
head  of  the  femur  may  cause  the  ilio-psoas  muscle  to  project  below 
Poupart's  ligament,  carrying  forwards  with  it  the  femoral  vessels  and  the 
anterior  crural  nerve.  Both  the  ilio-psoas  and  pectineus  muscles  are 
very  apt  to  suffer  considerable  laceration.  The  attitude  of  the  limb  is 
that  of  slight  flexion  and  abduction  with  marked  eversion  ;  it  depends 
in  the  main  upon  the  position  of  the  head  and  neck  of  the  femur  with 
regard  to  the  inclined  plane  against  which  they  rest,  and  upon  the  fixity 
of  the  Y-shaped  ligament ;  possibly,  also,  to  some  extent,  upon  the 
tension  of  the  glutei  and  external  rotator  muscles.  Flexion  is  due 
principally  to  the  tension  of  the  ilio-psoas  muscle.  The  obturator  nerve 
is  liable  to  be  stretched  or  torn,  and  the*  anterior  crural  nerve  also  may 
suffer  similar  damage. 

Mode  of  effecting  reduction. — Starting  with  the  limb  in  the  flexed 
attitude,  it  is  adducted  and  rotated  inwards  in  order'that  the  head  of  the 
femur  may  be  induced  to  retrace  its  path  to  the  lower  and  back  part 
of  the  acetabulum.  Finally,  the  limb  is  circumducted  inwards  and 
carried  downwards  alongside  its  fellow,  i.e.  extended,  reduction  being 
probably  effected  at  the  same  time. 

Congenital  Dislocation  of  the  Hip. — This  is  a  fairly  common  form 
of  congenital  defect,  and  apparently  is  more  frequent  in  females  than 
in  males.  It  may  be  unilateral  or  bilateral,  and  in  either  case  tends  to 
seriously  cripple  the  individual.  As  a  general  rule  it  assumes  the  dorsal 
type  of  dislocation,  the  upper  extremity  of  the  femur  being  displaced 
upwards  and  backwards  from  its  normal  site.  When  contrasted,  however, 
with  the  traumatic  and  pathological  varieties  of  dorsal  dislocation,  it. 
presents  certain  well  defined  points  of  difference  which  are  very  constant, 
and  furthermore  the  records  of  dissected  specimens  of  the  deformity 
reveal,  amongst  other  things,  various  altered  relationships  of  the  articular 
surfaces,  which  appear  to  exist  with  such  frequency  that  one  is  justified 
in  regarding  them  as  typical.  The  gluteal  muscles  are  usually  in  an 
atrophic  state,  especially  the  gluteus  maximus.  The  capsule  is  elon- 
gated, and  its  upper  part,  which  is  greatly  stretched  when  the  weight  of 
the  trunk  is  transferred  to  the  limb,  becomes  thickened,  resembling  in 
some  instances  a  fibro-cartilaginous  structure.  The  upper  end  of  the 
femur,  too,  presents  very  characteristic  alterations.  Its  head  is  usually 
smaller  than  normal,  somewhat  pointed,  and  covered  with  a  thin  layer 
of  cartilage ;  the  neck,  too,  is  short,  and  presents  a  marked  alteration 
in  its  direction.  Its  axis,  instead  of  inclining  from  without,  inwards, 
and  forwards,  is  directed  straight  forwards.  This  altered  attitude  conveys 
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the  impression  as  if,  the  lower  extremity  of  the  femur  being  fixed,  the 
head  and  neck  were  twisted  forwards  through  more  than  quarter  of  a 
Circle  (Hutton).  The  result  is  that  as  the  femur  lies  in  situ,  the  great  tro- 
chanter  is  directed  backwards  and  the  head  of  the  bone  forwards.  As  a 
rule  the  head  occupies  a  position  on  the  ilium  immediately  to  the  outer 
side  of  the  anterior  inferior  spine.  Its  position  thus  differs  very  markedly 
from  that  already  described  in  connection  with  traumatic  dislocation 
on  to  the  dorsum  ilii,  in  which  the  head  lies  behind  the  great  trochanter. 
The  acetabulum  is  in  a  rudimentary  state;  it  may  be  represented,  in 
fact,  by  little  more  than  a  cleft  in  the  bone :  the  capsule  is  attached  to  its 
periphery,  and  its  surface  is  covered  by  fatty  or  fibrous  tissue  instead  of 
hyaline  cartilage.  The  ligamentum  teres  is  stretched  and  elongated, 
and  is  usually  much  wider  than  normal ;  its  absence,  however,  has  been 
noted  in  some  cases. 

In  infants  the  head  of  the  dislocated  femur  possesses  a  considerable 
range  of  motion  in  an  upward  and  downward  direction.  By  making 
downward  traction  upon  the  limb,  the  head  of  the  bone  may  be  brought 
close  to,  if  not  quite  into  the  rudimentary  acetabulum.  In  older 
children  and  in  adults  this  is  not  possible,  as  the  vertical  range  of 
movement  tends  to  diminish  year  by  year  in  consequence  of  shortening 
of  the  ligaments  and  pelvi-femoral  muscles. 

The  symptoms  of  this  deformity  most  deserving  of  attention  are  the 
prominence  of  the  great  trochanter  in  the  gluteal  region  above  and 
behind  its  normal  site,  and  behind  instead  of  in  advance  of  the  head  of 
the  bone,  as  is  the  rule  in  the  traumatic  and  pathological  dislocations. 
The  limb  is  shortened,  and  Nelaton's  line  crosses  the  great  trochanter. 
In  the  congenital  dislocation,  too,  the  lower  limb  is  not,  as  a  rule, 
adducted  and  rotated  inwards,  indeed  it  usually  appears  quite  straight : 
the  anterior  aspect  of  the  femur  and  the  patella  face  directly  forwards, 
and  the  knees  remain  wide  apart.  These  facts  become  quite  intelligible 
when  one  considers  the  altered  relationship  of  the  axis  of  the  neck  of  the 
femur  to  the  shaft.  With  the  backward  displacement  of  the  femur  the 
line  of  gravity  of  the  trunk  falls  vertically  in  front  of  the  axis  of  the 
bone ;  more  especially  does  this  appear  evident  when  the  dislocation  is 
bilateral.  In  order  to  prevent  the  trunk  falling  forwards,  which  is  its 
natural  tendency  under  such  conditions,  the  shoulders  are  thrown  back- 
wards and  the  forward  convexity  of  the  lumbar  curve  is  greatly  accentu- 
ated (lordosis) ;  this  explains  the  very  characteristic  attitude  of  the  child, 
viz.,  retracted  shoulders,  deep  lumbar  hollow,  and  prominent  nates. 

Excision  of  the  Hip. — Excluding  cases  of  gunshot  injury,  this 
operation  is  practised  almost  exclusively  in  the  treatment  of  chronic 
tubercular  disease  of  the  hip-joint.  It  entails  the  removal  of  the  head 
and  portion  of  the  neck  of  the  femur,  diseased  synovial  membrane, 
and  foci  of  disease  in  the  acetabulum.  Of  the  many  objections  urged 
against  the  procedure  the  following  deserve  to  be  mentioned.  The 
manner  in  which  the  head  of  the  femur  under  normal  conditions  is 
received  within  the  deep  socket  of  the  acetabulum  renders  the  lower 
limb  well  adapted  to  bear  the  superincumbent  weight  of  the  trunk  and  to 
play  its  part  in  locomotion.  After  excision,  however,  the  limb  possesses 
no  fixed  point  of  support,  the  weight  of  the  trunk  is  transferred  to  the 
pelvi-femoral  muscles  and  what  ligamentous  structures  remain  to  connect 
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the  femur  with  the  innominate  bone  ;  there  is  in  consequence  a  tendency 
for  the  limb  to  assume  a  higher  level  than  formerly,  as  shown  by  the 
degree  of  shortening  which  follows,  in  addition  to  which  a  flail-like  con-, 
dition  of  the  limb  is  sometimes  observed  in  these  cases. 

The  various  procedures  which  have  been  employed  for  obtaining 
access  to  the  joint  may  be  classified  in  two  main  groups,  according  as  it 
is  approached  from  the  front  or  from  behind. 

1.  Excision  by  an  anterior  incision — (Barker;  Liicke;  Hueter). — The 
incision  commences  about  half  an  inch  below  the  anterior  superior  spine, 
and  is  directed  downwards  for  about  four  inches  in  the  direction  of  the 
axis  of  the  femur,  and  in  the  interval  between  the  sartorius  on  the  inside, 
the  tensor  fasciae  femoris  with  the  gluteus  medius  and  minimus  on  the 
outer   side,   dividing   the   superficial   tissues  and  the  fascia  lata.     The 
muscles  just  named  are  separated,  the  rectus  is  exposed  and  drawn 
inwards,  and  the  capsule  of  the  joint  identified.     This  is  now  divided  and 
the  section  made  through  the  neck  of  the  femur  as  it  lies  in  situ,  the  head 
of  the  bone  being  subsequently  levered  out  of  the  acetabulum.     This 
operation  has  the  advantage  of  not  inflicting  any  serious  damage  to 
muscles,    and     no     nerves    nor    vessels    of    importance    are    divided. 
Haemorrhage  consequently  is  slight  and  proceeds  principally  from  small 
vessels  derived  from  the  ascending  branch  of  the  external  circumflex 
artery.    It  has  been  urged  against  the  operation,  however,  that  the  position 
of  the  wound  is  not  well  suited  for  drainage. 

2.  Excision  by  a  posterior  incision. — Access  to  the  joint  from  behind 
is  obtained  in  a  very  satisfactory  manner  by  the  operation  recommended 
and  practised  by  Professor  Kocher  of  Berne.     Mis'  incision  consists  of 
two  limbs  which  meet  at  an  obtuse  angle.     The  lower  limb,  which  has  a 
vertical  direction,  extends  downwards  over  the  great  trochanter ;    the 
upper  limb  is  directed  obliquely  from  the  upper  and  posterior  angle  of 
the  trochanter  upwards  and  inwards  in  the  direction  of  a  line  connecting 
this  bony  point  with  the  posterior  superior  spine  of  the  ilium.     This  line 
— ilio-trochanteric — runs  parallel  to  the  fasciculi  of  the  gluteus  maximus 
and  to  the  interval  which  separates  the  gluteus  medius  muscle  from  the 
pyriformis  (fig.  153).     The  superficial  tissues  having  been  divided,  the 
fascia  lata  covering  the  great  trochanter  is  incised  and  the  outer  aspect 
of  this  bony  prominence  exposed,  as  well  as  the  gluteus  medius  muscle 
which  conceals  its  upper  border.     The  incision  is   now  carried   more 
deeply  along  the  upper  oblique  segment  of  the  incision,  through  the 
gluteus  maximus  in  the  direction  of  its  fibres,  and  through  the  fatty 
stratum  which  invests  its  deep  surface.     The  edges  of  the  divided  muscle 
being  held  widely  apart,  the  linear  interval  between  the  pyriformis  and 
gluteus  medius  is  defined  (fig.  153),  and  the  latter  muscle,  together  with 
the  gluteus  minimus,  detached  from  the  great  trochanter.     In  young 
children  this  part  of  the  femur  is  cartilaginous,  and  under  such  conditions 
it  is  advisable  to  detach  a  thin  layer  of  cartilage  with  these  muscles  ;  in 
older  subjects  the  latter  had  better  be  detached  if  possible  subperiosteally, 
the  upper  and  anterior  aspects  of  the  trochanter  being  at  the  same  time 
exposed  and  the  ilio-femoral  portion  of  the  capsule  separated  from  the 
femur  in  front.     The  external  rotator   muscles   (fig.   153)  are  likewise 
detached  at  their  trochanteric  attachments,  the  capsule  divided,  and  the 
head  of  the  femur  dislocated  backwards,  the  ligamentum  teres  being 
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severed  at  the  same  time.  The  joint  structures  are  now  fully  exposed 
and  the  diseased  parts  removed.  The  principal  points  claimed  in  favour 
of  this  operation  are — (i)  that  it  affords  excellent  access  to  the  joint  ; 
(2)  that  it  greatly  facilitates  inspection  of  the  diseased  area  and  the 
manipulations  required  for  its  removal ;  (3)  that  a  minimal  amount  of 
damage  is  inflicted  upon  the  peri-articular  structures,  i.e.  the  muscles  are 
not  damaged,  and  there  is  no  division  of  important  vessels  and  nerves — 
the  few  small  vessels  which  are  divided  are  the  terminal  twigs  of  the  two 
circumflex  arteries,  and  the  sciatic  artery  at  the  base  of  the  great 
trochanter  ;  (4)  that  if  drainage  is  necessary,  the  wound  is  well  placed  to 
admit  of  its  being  effectively  carried  out. 

The  operation  just  described  may  be  regarded  as  a  modification  of 
the  older  procedure  associated  with  the  name  of  Langenbeck. 

Amputation  at  the  Hip-Joint  is  required  mainly  in  cases  of  malignant 
disease  (sarcoma)  of  the  lower  limb  situated  at  or  above  the  knee,  or  for 
severe  mutilation  of  the  limb,  the  result  of  gunshot  wounds  or  other  form 
of  injury.  The  following  is  a  brief  survey  of  the  more  important  points 
of  anatomical  interest  in  connection  with  the  operation. 

Blood-vessels. — The  main  vessels  lie  in  front  of  the  femur,  viz.,  \b&  femoral  and profunda 
arteries  with  their  companion  veins,  and  the  long  saphenous  vein.  As  these  have  been  already 
fully  described,  nothing  further  need  be  added  here  with  regard  to  their  position  and  relationships. 

The  external  circtimflex  artery  is  directed  transversely  outwards  between  the  rectus  and 
crureus  muscles,  on  a  level  with  the  lower  extremity  of  the  great  trochanter.  The  internal 
circumflex  artery,  as  it  passes  backwards  between  the  adductor  muscles  and  the  obturator 
externus,  occupies  the  angular  interval  between  the  neck  and  the  shaft  of  the  femur.  The 
principal  vessels  encountered  in  the  posterior  segment  of  the  limb  at  this  level  are,  branches  of 
the  sciatic  and  of  the  two  circumflex  arteries,  which  participate  in  an  anastomotic  network  in  the 
deep  recess  between  the  great  trochanter  and  the  tuber  ischii — crucial  anastomosis.  The  branch 
of  the  sciatic  artery  which  accompanies  the  great  sciatic  nerve — comes  nervi  ischiadici — although 
very  slender  as  a  rule,  yet  in  some  cases  attains  a  pretentious  size.  The  first  perforating  artery 
(profunda)  emerges  through  the  adductor  magnus  at  the  back  of  the  thigh,  near  the  insertion  of 
the  gluteus  maximus. 

Nerves. — The  following  nerves  are  divided  in  the  anterior  segment  of  the  stump:  (a)  the 
anterior  crural  shortly  after  it  breaks  up  into  its  motor  and  sensory  branches  ;  (b)  the  external 
cutaneous  ;  (c)  the  anterior  and  posterior  divisions  of  the  obturator  nerve.  In  the  posterior 
segment  will  be  found  (a)  the  great  sciatic  and  (b)  the  small  sciatic  nerves,  the  relative  positions 
of  which  have  been  indicated  in  a  former  section. 

Muscles. — The  following  muscles  or  groups  of  muscles  are  of  necessity  divided  in  amputa- 
tion through  the  hip-joint — (a)  those  inserted  into  the  great  trochanter — fully  described  p.  619 
and  represented  in  fig.  153  and  fig.  154;  (3)  those  attached  to  the  lesser  trochanter  and  the 
subtrochanteric  segment  of  the  shaft  of  the  femur,  viz.,  the  ilio-psoas,  pectineus,  adductor  longus, 
adductor  brevis,  and  adductor  magnus,  crureus,  vastus  externus,  vastus  internus,  and  the  short 
head  of  the  biceps  ;  (c)  those  which  have  no  direct  attachment  to  the  femur,  viz.,  the  sartorius, 
rectus,  tensor  fasciae  femoris,  gracilis,  and  the  hamstring  muscles. 

As  in  other  amputations,  the  control  of  haemorrhage  should  be  as 
complete  as  possible.  The  following  methods  for  attaining  this  object 
possess  very  considerable  anatomical  interest,  (i)  An  elastic  band 
passed  between  the  thighs  is  made  to  occupy  the  interval  posteriorly 
between  the  tuber  ischii  and  the  anus,  and  to  cross  the  line  of  the  great 
sciatic  notch ;  in  front  it  is  directed  from  the  cruro-scrotal  fold  above 
and  parallel  to  Poupart's  ligament,  and  over  a  rolled  bandage  placed 
•over  the  external  iliac  artery  and  in  its  long  axis.  The  two  ends  of  the 
band  are  drawn  upwards  and  outwards  to  a  point  above  the  centre  of 
the  iliac  crest,  and  having  been  made  to  cross  each  other,  are  held  by  an 
assistant.  When  properly  applied,  the  band  occludes  the  external  iliac 
vessels  in  front,  and,  in  addition,  it  exerts  a  compressing  influence  behind 
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upon  the  vessels  which  emerge  through  the  sciatic  notch  (gluteal  and 
sciatic  arteries).  (2)  A  tourniquet  applied  to  the  abdominal  aorta  close 
to  its  bifiurcation  (Lister).  (3)  Davy's  lever.  This  consists  of  a 
cylindrical  piece  of  wood  from  eighteen  to  twenty  inches  in  length.  It 
is  introduced  into  the  rectum,  previously  filled  with  oil,  and  its  extremity 
is  moved  in  the  direction  of  the  common  iliac  artery  at  the  brim  of  the 
pelvis,  being  guided  by  the  hand  resting  upon  the  abdominal  parietes. 
Having  got  it  to  the  desired  level,  the  handle  of  the  lever  is  brought 
into  contact  with  the  thigh  of  the  opposite  side  and  raised,  the  anus 
meanwhile  serving  as  a  fulcrum.  This  procedure,  although  ingenious 
and  possible  of  successful  acomplishment,  is  nevertheless  by  no  means 
devoid  of  risk.  (4)  Long  needles  or  skewers  (Trendelenburg  ;  Myles  \ 
Wyeth)  are  passed  in  different  directions  through  the  tissues  at  the  root 
of  the  thigh,  and  are  arranged  in  such  a  way  as  to  permit  of  the  circula- 
tion being  controlled  by  elastic  cords. 

Many  different  forms  of  amputation  have  been  employed  for  effecting 
disarticulation  of  the  lower  limb  at  the  hip-joint,  but  one  only  will  be 
detailed  here,  viz.,  the  method  known  as  '  Disarticulation  through  an 
external  racket  incision.'  The  operation  is  known  as  that  of  Furneaux 
Jordan. 

Operation. — The  incision  commences  on  the  outer  aspect  of  the  limb, 
about  two  inches  above  the  upper  extremity  of  the  great  trochanter, 
and  extends  vertically  downwards,  skirting  the  posterior  border  of 
the  trochanter,  through  the  superficial  tissues  for  about  six  or  seven 
inches.  Two  slightly  curved  incisions,  convex  downwards,  are  carried 
obliquely  downwards  and  inwards  across  the  front  and  back  of  the  thigh, 
meeting  internally  about  one  inch  below  the  level  of  the  lower  extremity  of 
the  outer  straight  incision,  the  superficial  tissues  only  being  divided 
(Treves).  These  are  now  dissected  off  the  fascia  lata  in  front  and  behind 
for  a  distance  of  two  inches  and  turned  upwards.  The  outer  vertical 
incision  is  next  deepened  to  the  bone,  the  muscles  attached  to  the  great 
trochanter  (see  above)  are  divided  as  close  as  possible  to  this  prominence 
or  detached  from  it  subperiosteally,  preferably  by  the  latter  method. 
Having  thoroughly  cleared  the  great  trochanter  in  front,  above,  and  behind, 
the  upper  part  of  the  shaft  of  the  femur  is  denuded  of  its  muscles  and 
periosteum  along  its  outer  aspect,  as  far  downwards  as  the  vertical 
incision  will  permit.  The  capsule  of  the  hip-joint  is  divided  posteriorly 
and  the  head  of  the  femur  dislocated  backwards,  after  which  the  liga- 
mentum  teres  is  divided,  and  also  the  attachments  of  the  capsule 
in  front.  So  far,  no  vessels  of  importance  have  been  divided,  the 
principal  source  of  the  bleeding  being  some  insignificant  branches 
of  the  sciatic  and  circumflex  arteries.  The  final  step  of  the  opera- 
tion consists  in  carrying  the  knife  through  the  muscles,  vessels,  and 
nerves  which  still  hold  the  limb  upon  the  front  and  inner  aspects  of  the 
thigh. 

The  arteries  which  require  to  be  ligatured  are  the  superficial  femoral, 
the  profunda  or  deep  femoral,  the  internal  and  external  circumflex,  one 
or  two  perforating  arteries,  and  the  comes  nervi  ischiadici. 

When  the  disarticulation  is  performed  subperiosteally  an  excellent 
stump  is  provided,  and  one  also  which  possesses  a  considerable  range  of 
movement. 
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An  anterior  racket  incision  is  sometimes  employed :  the  stem  of  the 
incision  overlies  the  femoral  vessels,  and  it  is  possible  therefore  to  expose 
and  ligature  the  main  vessels  at  the  very  start.  While  the  disarticulation 
is  being  proceeded  with  the  vessels  are  ligatured  and  clamped  as  they 
are  exposed  and  consequently  a  tourniquet  is  not  necessary.  This 
method  of  performing  the  operation  closely  resembles  that  employed  for 
the  removal  of  a  large  tumour  (Treves). 

Disarticulation  at  the  hip-joint  by  means  of  antero-posterior  flaps 
which  are  raised  by  transfixion  (Lisfranc)  has  the  one  advantage 
of  being  rapid  of  execution  ;  in  all  other  respects,  however,  it  is  inferior  to 
the  operations  by  racket  incisions.  It  may  safely  be  relegated  to  the 
surgery  of  a  bygone  age. 

FRACTURES  OF  THE  NECK  OF  THE  FEMUR.— The  following  additional 
facts  relative  to  the  anatomy  of  the  neck  of  the  femur  are  deserving  of  note  in  connection  with 
fractures  of  this  part  of  the  bone.  The  angle  which  the  neck  makes  with  the  shaft  has  been 
stated  above  (p.  619)  to  measure  on  an  average  125  degrees  in  the  adult,  but  it  may  be  said  to 
vary  between  no  and  140  degrees.  It  appears  to  be  greatest  in  the  child,  viz.,  about  160 
degrees,  and  shows  a  steady  diminution  from  this  onwards  to  adult  life,  but,  contrary  to  what  has 
often  been  stated,  there  are  no  sufficient  grounds  for  believing  that  it  still  further  diminishes  after 
adult  life  has  been  reached. 

The  neck  is  surrounded  by  a  layer  of  compact  bone,  which  attains  its  greatest  thick- 
ness below,  in  the  vicinity  of  the  lesser  trochanter,  but  thins  gradually  towards  the  head.  Within 
this  compact  case  is  a  mass  of  cancellous  tissue  containing  trabeculse  which  are  arranged  in  a 
very  beautiful  manner,  as  may  be  seen  in  vertical  sections  passing  through  the  head,  neck  and 
great  trochanter,  or  better  still  in  a  skiagram  of  a  normal  adult  femur  which  has  been  macerated . 
Two  main  systems  of  trabeculse  are  observed.  The  first,  and  apparently  the  more  strongly 
developed,  springs  from  the  deep  aspect  of  the  compact  layer  surrounding  the  lower  part  of  the 
neck,  and  is  directed  obliquely  upwards  and  inwards  to  the  upper  part  of  the  head,  spreading 
out  on  the  way  like  the  radiating  limbs  of  a  fan,  and  intersecting  the  trabeculae  of  the  second 
system  which  spring  from  the  deep  aspect  of  the  outer  cortical  layer  of  the  shaft  immediately 
below  the  great  trochanter,  and  arch  upwards  and  inwards  beneath  the  upper  cortical  layer  of 
the  neck  ;  finally,  the  trabeculae  of  this  system  bend  down  on  reaching  the  head,  and  gain  the 
deep  aspect  of  its  cartilaginous  covering  below  the  line  of  its  horizontal  axis.  The  two  systems 
taken  together  closely  resemble  a  bracket  arrangement,  adjusted  in  such  a  way  as  to  afford  a 
powerful  support  to  the  heavy  superincumbent  weight.  In  addition  to  the  first  system  of 
trabeculse  just  described,  a  well  defined  process  or  spur  of  compact  tissue  springs  from  the  thick 
layer  which  invests  the  lower  part  of  the  neck,  and  penetrates  for  some  distance  into  the  adjoining 
cancellous  tissue,  providing  it  with  extra  strength  ;  it  is  known  as  the  calcar  femoralc  (Merkel), 
and  it  gives  off  a  number  of  minor  trabeculse  from  its  summit  and  sides. 

The  Neck  of  the  Femur  is  very  frequently  the  seat  of  fracture,  the 
exact  point  at  which  the  lesion  is  placed  being  subject,  however,  to  some 
variability.  Two  main  forms  of  fracture  are  generally  recognised,  and 
are  usually  referred  to  respectively  as  intracapsular  and  extracapsular 
fractures.  Although  it  is  possible  to  differentiate,  both  clinically  and 
anatomically,  two  different  types  of  fracture  implicating  the  femoral 
neck,  yet  it  is  somewhat  unfortunate  that  the  terms  intra-  and  extra- 
capsular have  been  applied  to  them.  The  site  of  the  intracapsular 
fracture  is  very  commonly  close  to  the  head  of  the  bone,  and  directed 
transversely  to  the  long  axis  of  the  neck  ;  it  may,  however,  be  some- 
what oblique ;  its  edges  also  are  very  usually  marked  by  deep  serra- 
tions. A  complete  extracapsular  fracture  of  the  neck  of  the  femur 
is  an  anatomical  impossibility  seeing  that  the  attachment  of  the 
capsule  in  front  follows  the  anterior  intertrochanteric  line  at  the 
extreme  outer  limit  of  the  neck.  Such  fractures  in  reality  partake 
of  a  mixed  character,  being  partly  inside  and  partly  outside  the 
capsule. 
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The  line  of  fracture  in  the  extracapsular  form  follows,  as  a  rule,  the 
anterior  intertrochanteric  line  in  front,  i.e.  inside  or  along  the  capsular 
attachment ;  behind,  it  is  situated  quite  close  to  the  posterior  inter- 
trochanteric crest,  i.e.  outside  the  capsule.  Not  infrequently  the  anterior 
and  posterior  lines  of  fracture  descend  so  as  to  detach  the  lesser 
trochanter.  Furthermore,  in  addition  to  the  fracture  just  indicated,  the 
upper  or  cervical  fragment  is  usually  impacted  into  the  lower — viz.,  into 
the  great  trochanter  and  the  upper  part  of  the  shaft — and  may  remain 
embedded  in  it  (fig.  160)  or  cause  a  comminution  of  the  great  trochanter, 
as  the  result  of  which  the  impaction  becomes  undone ;  hence  the 
dictum  of  the  late  Professor  R.  W.  Smith,  that  "  all  unimpacted  extra- 
capsular fractures  of  the  femur  are  first  of  all  impacted  fractures." 

Union  by  bone  is  the  rule  in  these  extracapsular  fractures,  and  with 


A  B 

FIG.  160. — Fractures  of  the  neck  of  the  femur.  A,  intracapsular  fracture  with  impaction. 
B,  extracapsular  fracture  with  impaction.  Both  figures  have  been  drawn  from  specimens  in 
the  Surgical  Museum  of  Trinity  College. 

the  process  of  consolidation  there  is  usually  associated  an  excessive 
growth  of  callus,  which  is  formed  principally  by  the  lower  fragment, 
indeed  it  may  be  so  exuberant  as  to  hamper  very  greatly  the  movements 
of  the  hip,  and  when  taken  in  conjunction  with  comminution  of  the 
trochanter  it  accounts  for  the  marked  increase  in  the  size  of  this 
prominence,  and  the  obliteration  of  the  trochanteric  fossa,  as  may  be 
readily  determined  by  grasping  the  bone  between  the  fingers  and  thumb. 
In  the  intracapsular  variety  of  fracture,  if  one  excludes  those  cases 
in  which  impaction  has  taken  place  (fig.  160),  union  by  bone  is  rare. 
The  upper  fragment,  which  includes  the  head  with  a  small  part  of  the 
neck,  may  remain  quite  separate,  its  outer  surface  rubbing  against  the 
remaining  portion  of  the  neck  or  outer  fragment,  both  becoming 
extensively  worn  away  and  eburnated  as  time  goes  on.  Sometimes  the 
fragments  are  connected  by  a  fibrous  bond  of  union  (pseudar thro  sis}. 
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The  failure  of  true  bony  union  to  take  place  is  undoubtedly  due  to 
want  of  proper  apposition  of  the  fragments  and  insufficient  rest. 

Owing  to  its  well  protected  position,  fracture  of  the  neck  of  the  femur  is 
rarely  caused  by  direct  violence.  The  force  is  usually  of  the  indirect  kind, 
and  may  be  transmitted  from  the  foot,  as  in  stumbling  or  tripping  against 
some  unyielding  object,  or  from  the  great  trochanter,  as  when  one  falls 
forcibly  upon  this  bony  prominence ;  it  may  also  be  occasioned  by  ex- 
aggerated movements  at  the  hip-joint.  In  some  instances  the  force  which 
causes  the  neck  of  the  femur  to  break  is  of  quite  a  trivial  character,  but 
under  such  circumstances  it  is  generally  observed  that  the  individual  is 
advanced  in  years,  and  further  it  has  been  demonstrated  that  in  the  aged 
a  process  of  rarefaction  of  the  bony  tissue  of  the  neck  of  the  femur  takes 
place ;  its  outer  compact  layer,  including  the  deep  spur  or  calcar  femorale, 
becomes  very  thin,  its  cancellous  spaces  are  enlarged,  and  the  medullary 
tissue  appears  to  have  undergone  fatty  changes,  the  bone  consequently 
is  abnormally  brittle  (osteoporosis}.  These  fractures,  which  occur  with 
such  slight  provocation,  are  invariably  of  the  intracapsular  variety. 

In  both  forms  of  fracture  shortening  of  the  limb  is  the  rule,  and  is  to 
be  attributed  mainly  to  the  powerful  muscles  by  which  the  femur  is  sur- 
rounded, notably  the  glutei,  hamstrings,  adductors,  ilio-psoas,  and  rectus. 
The  summit  of  the  great  trochanter  will  be  found  to  have  risen  above  its 
normal  level,  as  shown  by  its  altered  relationship  to  Nelaton's  line  and 
Bryant's  line.  In  the  intracapsular  form  of  fracture  the  shortening  of 
the  limb  is  less  than  in  the  extracapsular ;  in  the  former  case  it  very 
often  does  not  exceed  one  inch,  in  the  latter  it  frequently  exceeds  two  or 
even  three  inches.  It  is  of  considerable  interest  also  to  note  that  in  some 
cases  of  intracapsular  fracture  no  displacement,  i.e.  shortening  may  take 
place,  at  first  at  least,  owing  to  the  fact  that  the  periosteum  and  cervical 
ligaments  covering  the  neck  of  the  bone  remain  untorn,  and  for  the  time 
being  act  the  part  of  natural  splints.  Rough  manipulation,  however,  or 
sudden  movement  on  the  part  of  the  individual,  is  very  apt  to  cause 
rupture  of  these  structures,  and  herein  rests  the  explanation  of  the  sudden 
displacement  or  shortening  which  occasionally  takes  place  some  days 
after  the  receipt  of  the  injury. 

With  the  ascent  of  the  great  trochanter  which  succeeds  fractures  of 
the  femoral  neck,  the  portion  of  the  fascia  lata  which  stretches  between 
this  prominence  and  the  iliac  crest  becomes  unduly  relaxed,  so  that  the 
tension  or  resistance  of  the  tissues  to  pressure  immediately  above  the 
trochanter  is  less  on  the  injured  than  on  the  sound  side  (Allis). 

Eversion  of  the  limb  is  another  fairly  common  sign  ;  it  depends  to  some 
extent,  no  doubt,  upon  the  tendency  which  the  latter  has  to  roll  outwards 
under  the  influence  of  gravity,  aided  by  the  external  rotator  muscles,  but 
it  may  also  be  attributed  in  part  to  the  bending  which  sometimes  takes 
place  in  a  backward  direction  between  the  neck  and  the  shaft,  and  which 
may  possibly  account  also  for  a  slight  fulness  over  the  front  of  the  joint 
immediately  below  Poupart's  ligament  and  outside  the  femoral  vessels. 

The  Shaft  of  the  Femur  is  longer  and  more  massive  than  that  of 
any  other  bone  in  the  skeleton.  In  the  erect  posture,  with  both  limbs 
close  together,  it  is  inclined  obliquely  downwards  and  inwards  to  meet  its 
fellow  at  the  knee,  the  degree  of  obliquity  being  greater  in  females  than 
in  males,  owing  to  the  proportionately  greater  width  of  the  pelvis.  The 
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direction  of  the  shaft  between  its  two  extremities,  however,  is  not  quite 
straight,  but  presents  a  gentle  curve,  the  convexity  of  which  is  forwards  ; 
its  outline,  too,  is  not  accurately  cylindrical,  but  rather  prismatic  owing 
to  the  pronounced  ridge  or  linea  aspera  which  projects  backwards  from 
its  posterior  surface  and  attains  its  fullest  development  in  the  middle 
third  of  the  shaft.  In  the  lower  third  of  the  femur  the  linea  aspera 
bifurcates,  and  its  two  limbs  are  continued  down  to  the  condyles  forming 
the  epicondylic  ridges ;  the  bone  also  increases  in  size  as  the  condyles 
are  approached,  and  presents  a  somewhat  oval  outline  on  transverse 
section.  The  surface  of  the  shaft  is  clothed  by  a  thick  periosteum  ;  its 
thickness,  however,  is  more  marked  in  the  child  than  in  the  adult,  and  in 
the  greater  part  of  its  extent  it  furnishes  attachment  to  the  muscles  of 
the  thigh,  the  only  areas  free  from  muscular  attachment  being  above  the 
condyles  in  front,  viz.,  where  the  bone  is  separated  from  the  deep  aspect 
of  the  quadriceps  muscle  by  a  large  bursa  and  the  triangular  interval 
behind,  which  is  circumscribed  by  the  epicondylic  ridges,  viz.,  the  popliteal 
surface  or  the  trigone  of  the  femur. 

The  deep  position  of  the  femoral  shaft,  surrounded  as  it  is  by  large 
fleshy  muscles  (fig.  161),  renders  its  approach  for  operative  measures 
as  well  as  its  examination  by  external  palpation  a  matter  of  some  diffi- 
culty. The  depth  of  the  bone  from  the  anterior  surface  of  the  thigh  is 
greatest  at  its  upper  part,  but  diminishes  progressively  below  this.  A 
transverse  section  through  the  thigh  at  the  junction  of  its  lower  and 
middle  thirds  shows  the  bone  to  be  altogether  within  the  anterior  half  of 
the  section.  Owing  to  the  absence  of  important  vessels  and  nerves  on 
the  outer  or  antero-external  aspect  of  the  thigh,  deep  incisions  directed 
towards  the  femur,  as  for  example  in  the  operation  of  wiring  an  ununited 
fracture,  or  in  the  performance  of  a  sequestrotomy,  or  for  the  evacuation 
of  a  large  subperiosteal  abscess,  are  invariably  made  on  its  outer  aspect, 
parallel  to  and  in  front  of  the  external  intermuscular  septum.  The  lower 
part  of  the  shaft  may  be  exposed  also  on  its  antero-internal  aspect, 
through  an  incision  directed  along  an  imaginary  line  connecting  the 
anterior  superior  spine  of  the  ilium  with  a  point  midway  between  the 
most  prominent  part  of  the  internal  condyle  and  the  inner  border  of  the 
patella. 

A  vertical  transverse  section  passing  through  the  centre  of  the  femur 
shows  that  it  possesses  a  thick  wall  of  dense  compact  tissue  surrounding 
the  central  medullary  canal,  that  part  being  thickest  which  is  situated 
posteriorly  and  corresponds  to  the  linea  aspera.  The  thickness  of  the  bony 
ring,  however,  progressively  decreases  in  the  lower  third  of  the  shaft,  and 
in  the  vicinity  of  the  condyles  it  is  reduced  to  a  thin  layer.  The  medullary 
canal  extends  from  just  below  the  base  of  the  lesser  trochanter  to  a  point 
about  four  inches  above  the  articular  surface  of  the  condyles.  The  princi- 
pal nutrient  artery  enters  its  canal  on  the  linea  aspera  above  the  centre  of 
the  shaft,  and  having  traversed  the  bone  very  obliquely  and  in  an  upward 
direction  for  about  two  inches,  enters  the  medullary  canal ;  a  second  large 
nutrient  foramen  is  usually  present  some  few  inches  lower  down. 

The  relationships  which  exist  between  the  femur  and  the  main  artery 
of  the  limb  deserve  some  notice.  The  common  femoral  artery  immedi- 
ately beyond  the  level  of  the  acetabular  margin  comes  into  close  prox- 
imity to  the  head  of  the  femur,  but  from  this  point  down  to  the  lower 
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part  of  Hunter's  canal  its  relationship  to  the  bone  is  of  a  much  less 
intimate  character,  a  considerable  mass  of  muscle  intervening.  As  the 
artery  passes  through  the  opening  in  the  adductor  magnus,  however — 
about  four  inches  above  the  adductor  tubercle — it  rests  in  immediate  con- 
tact with  the  periosteum,  and  the  popliteal  artery  into  which  it  is  con- 
tinued maintains  a  fairly  close  relationship  to  the  popliteal  surface  of  the 
shaft  until  it  reaches  the  back  of  the  knee-joint. 

Fractures  of  the  Shaft  of  the  Femur  are  very  frequently  caused 
by  direct  violence,  as  when  the  limb  is  crossed  by  the  wheel  of  a 
waggon  or  subjected  to  such  extreme  violence  as  the  kick  of  a  horse 
or  a  fall  from  a  height  against  a  hard  resisting  object.  The  fracturing 
force  may  also  act  indirectly,  as  when  an  individual  falls  upon  the  knee, 
or  when  the  limb  is  subjected  to  a  powerful  degree  of  torsion,  as  may 
happen  when,  the  foot  being  held  firm,  the  body  is  turned  to  one  side. 
Very  rarely  indeed  is  the  femoral  shaft  broken  by  muscular  action.  The 
site  of  the  fracture  is  most  commonly  in  the  middle  and  upper  third  of 
the  bone  (subtrochanteric  region),  and  its  direction  as  a  general  rule  is 
oblique,  often  markedly  so,  especially  when  the  lesion  has  been  caused 
by  indirect  violence.  The  direction  of  the  obliquity,  although  some- 
what variable,  will  be  found  in  the  majority  of  cases  to  incline  from 
above  and  behind  downwards  and  forwards,  or  downwards  and  out- 
wards, less  frequently  downwards  and  inwards,  and  is  very  usually 
attended  by  considerable  displacement.  Sometimes  the  line  of  fracture 
is  transverse,  especially  in  young  children,  and  in  these  cases,  too,  it  is  of 
interest  to  note  that  the  periosteum  may  fail  to  give  way,  either  partially 
or  completely,  and  prevent  displacement  taking  place. 

Although  displacement  of  the  fragments  in  the  ordinary  oblique  form 
of  fracture  is  determined,  no  doubt,  to  a  considerable  extent  by  muscular 
action,  other  agencies  play  a  by  no  means  insignificant  part,  viz.,  the 
force  which  caused  the  injury  and  the  direction  of  the  plane  of  the 
fracture.  The  muscles  which  are  most  potent  in  effecting  displacement 
are  the  adductors  and  the  hamstrings.  The  head  and  neck  of  the  femur 
in  conjunction  with  the  shaft  may  be  regarded  as  forming  a  rigid  arc 
which  is  subtended  by  the  mass  of  muscle  upon  the  inner  and  posterior 
aspects  of  the  thigh,  and  consequently,  when  the  shaft  breaks,  the  muscles 
just  named  tend  to  approximate  the  extremities  of  this  bony  arc,  the 
result  being  that  the  lower  fragment  is  drawn  up  behind  the  upper  and 
an  angular  deformity  produced,  the  summit  of  the  angle  being  directed 
very  frequently  forwards,  or  forwards  and  outwards.  The  lower  fragment 
is  drawn  up  behind  the  upper,  and  the  lower  extremity  of  the  latter 
is  tilted  forwards  and  outwards  by  the  pressure  which  is  thus  brought  to 
bear  against  it.  With  this  deformity  there  is  associated  usually  a  con- 
siderable degree  of  shortening,  and  it  is  in  endeavouring  to  overcome 
it  that  the  main  difficulty  is  encountered  in  the  treatment  of  these 
fractures ;  in  fact,  it  almost  invariably  happens  that  union  takes  place 
between  the  fragments  with  more  or  less  shortening,  varying  from  a 
fraction  of  an  inch  to  two  or  three  inches,  or  even  more,  its  extent 
depending  mainly  upon  the  obliquity  of  the  fracture  and  the  degree  of 
success  with  which  extension  has  been  employed  in  its  treatment. 

In  taking  comparative  measurements  of  the  two  limbs  in  suspected 
cases   of  fracture,  care   should   be   taken   to  have   both  in  exactly  the 
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same  position  with  regard  to  the  pelvis  ;  in  other  words,  both  should 
make  the  same  angle  with  the  transverse  axis  of  the  pelvis,  this  latter 
being  readily  determined  by  drawing  a  line  from  one  anterior  superior 
spine  to  the  other,  or  by  laying  a  tape  across  the  pelvis  at  the  level  of 
these  bony  prominences.  The  measurement  taken  on  each  side  is  from 
a  point  immediately  to  the  inner  side  of  the  tip  of  the  anterior  superior 
spine  to  the  lower  border  of  the  internal  malleolus. 


Crureus  M. 


Vastus  Externus  M. 


Vastus  Externus  M.  __ 


Profunda  Vessels. J_ 


Biceps  M. 


Great  Sciatic  N. 


Rectus  Femoris  M. 


__  Vastus  Interims  M. 
f\. —  Sartorius  M. 

.-  Long  Saphenous  N. 
•-  Femoral  Art. 
—  Femoral  Vein. 

•  Adductor  Longus  M. 
Long  Saphenous  V. 


Gracilis  M. 


Semitendinosus  M. 


Semimembranosus  M. 


Adductor  Magnus  M. 


FIG.  161. — Transverse  section  through  the  thigh  at  its  middle.  The  mode  of  distribution  of  the 
muscles  around  the  femur  is  deserving  of  attention,  viz.,  the  extensors  in  front,  the  adductors 
internally,  and  the  flexors  behind.  Hunter's  canal  and  its  contents  are  clearly  defined.  The 
canal  is  bounded  externally  by  the  vastus  internus,  internally  by  the  sartorius,  and  behind  by 
the  adductor  longus  muscle.  The  piofunda  artery  occupies  a  deeper  plane  and  is  quite 
close  to  the  linea  aspera  of  the  femur. 

It  is  rather  unusual-  for  a  fracture  of  the  shaft  of  the  femur  to  be 
compound  owing  to  the  thick  mass  of  tissue  by  which  this  bone  is 
surrounded  on  all  sides. 

Amputation  through  the  Thigh  may  be  necessary  in  certain  cases 
of  grave  injury  or  disease  affecting  the  knee  or  leg  (sarcoma ;  tuber- 
culosis), and  unless  strong  indications  exist  to  the  contrary,  the  site 
selected  for  the  division  of  the  femur  should  be  in  its  lower  third.  A 
better  stump  is  thus  obtained,  viz.,  one  which  possesses  considerable 
mobility  and  lends  itself  admirably  to  the  adjustment  of  an  artificial 
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limb  ;  the  less  severe  nature  of  the  low  operation,  too,  is  another  reason 
for  preferring  to  amputate  as  far  from  the  trunk  as  possible. 

The  following  anatomical  facts  are  of  interest  in  connection  with  this 
operation,  (i)  The  superficial  tissues.  Owing  to  the  free  mobility  of  the 
skin  and  subcutaneous  tissue  over  the  fascia  lata  superficial  flaps  are 
raised  with  facility  at  this  part  of  the  limb  ;  they  are  capable  also  of  very 
marked  retraction.  (2)  Muscles.  Viewed  from  the  standpoint  of  amputa- 
tion, the  muscles  which  collectively  form  the  principal  bulk  of  the  thigh 
may  be  said  to  consist  of  two  groups.  The  first  group  includes  those  which 
have  no  fixed  attachments  to  the  femur  but  are  invested  by  loose  tissue, 
viz.,  the  sartorius,  gracilis  and  hamstring  muscles — the  short  head  of  the 
biceps  not  included.  These  muscles  are  situated  at  the  inner  and  back 
part  of  the  thigh  and  retract  very  freely  when  divided.  The  second 
group  includes  those  muscles  which  are  connected  with  the  femur,  viz., 
the  quadriceps  extensor  and  the  three  adductors,  and  in  contrast  with  the 
others,  they  retract  to  a  much  less  extent  when  divided.  (3)  Blood-vessels. 
In  transverse  sections  traversing  the  middle  segment  of  the  thigh,  the 
femoral  and  profunda  vessels  will  be  found  embedded  in  the  muscles  at 
the  inner  side  of  the  divided  femur.  The  femoral  artery  is  situated  within 
the  narrow  prismatic  space  known  as  Hunter's  canal,  the  vein  lying  behind 
and  slightly  to  its  outer  side.  The  profunda  artery,  which  diminishes 
very  rapidly  in  volume  as  it  descends,  is  situated  behind  the  tendon  of 
the  adductor  longus  and  quite  close  to  the  linea  aspera  of  the  femur 
(fig.  161).  Other  arteries  which  may  require  the  application  of  a  liga- 
ture are  the  descending  branch  of  the  external  circumflex  which  pursues 
its  downward  course  in  the  substance  of  the  vastus  externus,  and  possibly 
some  muscular  branches  of  the  femoral  and  of  the  perforating  branches 
of  the  profunda  artery.  These,  however,  may  be  controlled  as  a  rule  by 
forcipressure  or  torsion.  Owing  to  the  progressively  backward  course 
taken  by  the  femoral  artery  as  it  descends,  it  will  be  found  in  amputa- 
tions by  anterior  and  posterior  flaps,  that  the  vessel  is  situated  in  the 
anterior  flap  when  the  site  selected  for  the  amputation  is  above  the 
centre  of  the  thigh,  but  in  the  posterior  flap  when  it  is  at  or  below 
the  middle  of  the  thigh.  In  raising  flaps  at  the  middle  of  the  thigh, 
then,  the  femoral  artery  is  liable  to  be  split  vertically  for  some  distance, 
and  in  order  to  prevent  this  undesirable  occurrence  it  has  been  recom- 
mended to  raise  the  anterior  flap  not  exactly  from  the  front  but  rather 
from  the  antero-external  aspect  of  the  limb.  (4)  Nerves.  The  great 
sciatic  nerve  is  easily  recognised  in  the  midst  of  the  hamstring  muscles. 
It  is  advisable  in  all  cases  to  draw  down  the  nerve  to  a  slight  extent 
out  of  its  loose  connective-tissue  surroundings  and  remove  a  couple  of 
inches  of  it,  so  that  when  fully  retracted  it  may  remain  deeply  buried 
between  the  muscles,  as,  in  common  with  the  other  nerves  which  are 
divided,  it  subsequently  develops  a  bulbous  extremity  (amputation 
neuroma},  which  may  give  rise  to  very  great  pain  if  it  come  sufficiently 
near  the  end  of  the  stump  to  be  subjected  to  pressure.  The  long 
saphenous  nerve,  which  lies  in  front  of  the  femoral  artery  and  closely 
accompanies  it  in  Hunter's  canal,  should  be  carefully  avoided  when 
applying  a  ligature  to  this  vessel. 

The  circular  form  of  amputation  is  not  well  suited  as  a  rule  to  the 
thigh,  the  principal  objection  to  it  being  that  a  conical  stump  is  very 
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apt  to  be  the  result  owing  to  the  excessive  retraction  of  the  muscles 
at  the  inner  and  posterior  aspects  of  the  section  ;  the  end  of  the  femur  in 
consequence  projects  at  the  extremity  of  the  stump  and  may  contract 
adhesion  to  the  cicatrix. 

The  particular  form  of  amputation  which  appears  most  eminently 
adapted  to  this  part  of  the  limb  is  one  in  which  anterior  and  posterior 
flaps  of  unequal  length  are  employed.  The  anterior  flap,  which  is  the 
larger,  should,  when  properly  fashioned,  overlie  the  cut  extremity  of  the 
femur  and  meet  the  posterior  at  the  back  of  the  limb.  The  resulting 
stump  is  usually  satisfactory,  in  so  far  that  the  end  of  the  bone  is 
provided  with  a  good  covering  and  the  cicatrix  is  well  removed  from  the 
line  of  pressure. 

Amputation  through  the  thigh  by  a  large  anterior  flap  (Sedillot). — The 
anterior  flap  should  measure  both  in  length  and  breadth  half  the  circum- 
ference of  the  limb  at  the  level  at  which  the  femur  is  to  be  sawn,  and 
if  necessary  its  lower  free  extremity  may  reach  down  well  over  the  patella. 
The  tissues  raised  in  the  flap  include  at  first  only  the  skin  and  fascia, 
viz.,  for  about  an  inch.  The  incision  is  then  made  to  pass  more  deeply 
into  the  muscular  stratum,  until  by  the  time  the  base  of  the  flap  is 
reached  all  the  muscular  tissue  in  front  of  the  femur  is  raised.  It  is  well, 
however,  to  leave  a  thin  layer  of  muscle,  viz.,  the  crureus,  overlying  the 
periosteum,  and  to  raise  in  connection  with  it  a  flap  of  this  membrane 
of  sufficient  size  to  cover  the  end  of  the  divided  femur  and  close  the 
medullary  canal,  or  two  small  musculo-periosteal  flaps  of  equal  length 
may  be  raised  and  subsequently  brought  together  by  deep  sutures  over 
the  divided  bone.  The  posterior  flap  is  one-third  as  long  as  the 
anterior,  and  in  raising  it  the  superficial  tissues  are  best  divided  as  in 
front,  i.e.  by  cutting  from  the  skin  towards  the  deeper  strata,  and  if  it  be 
preferred,  the  muscle  section  maybe  completed  also  in  this  way.  An 
alternative  method  consists  in  transfixing  the  muscles  immediately 
behind  the  femur,  and  cutting  downwards  and  backwards  into  the 
superficial  incision.  The  structures  divided  in  a  transverse  section 
through  the  middle  third  of  the  thigh  are  seen  in  fig.  161. 


THE  KNEE. 

Topography  and  Superficial  Anatomy. — The  knee-joint  is  thinly 
covered  in  front  and  on  each  side,  the  bones  entering  into  its  con- 
stitution are  therefore  easily  examined,  any  alteration  in  its  contour 
can  be  readily  detected,  and  the  diagnosis  of  certain  forms  of  articular 
disease  is  rendered  possible  at  a  comparatively  early  period  of  their 
development. 

As  the  appearances  presented  by  the  knee  vary  greatly  according  as 
it  is  in  the  extended  or  flexed  position,  it  will  be  necessary  to  consider 
each  of  these  attitudes  separately.  When  the  leg  is  extended  at  the 
knee  it  will  be  observed  that  it  does  not  lie  in  the  same  straight  line 
with  the  thigh,  but  forms  with  it  an  obtuse  angle,  open  externally.  The 
angle,  which  is  somewhat  variable,  measures  on  an  average  about  170 
degrees ;  it  is  more  evident  in  females  than  in  males,  owing  to  the  more 
decided  inward  obliquity  of  the  femur,  and  is  greatly  accentuated  in  the 
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deformed  condition  known  as  genu  valgum  or  knock-knee  (p.  658).  It 
will  be  noted  also  that  in  the  extended  attitude  of  the  knee  the  patella 
forms  a  distinct  projection  in  front,  the  outline  of  the  bone  is  readily 
defined,  and  when  the  muscles  are  relaxed  it  will  be  observed  to  enjoy 
a  very  free  range  of  mobility ;  the  rectus  tendon  may  be  traced  to  its 
upper  border,  while  at  its  lower  or  apical  extremity  the  ligamentum 
patellae  is  readily  felt  as  it  descends  to  its  attachment  into  the  lower  part 
of  the  tubercle  of  the  tibia.  On  each  side  of  the  knee  there  exists  a 


Ilio-tibial  Band. 
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\  \      Outer  Condyle  of  the  Femur. 
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FIG.  162. — The  outer  aspect  of  the  lower  limb. 

depression  between  the  lateral  margin  of  the  patella  and  the  corre- 
sponding femoral  condyle  ;  occasionally,  however,  when  the  subcutaneous 
fat  is  very  abundant,  no  evidence  of  a  depression  is  to  be  detected. 
When  the  rectus  muscle  is  relaxed  it  may  often  be  observed  that  these 
lateral  depressions  are  connected  by  a  shallow  furrow  at  the  upper 
border  of  the  patella,  and  consequently  this  bone  has  the  appearance  of 
being  bounded  along  its  upper  and  lateral  margins  by  a  horseshoe 
groove,  the  peripatellar  depression,  beneath  which  are  situated  the 
superior  and  lateral  pouches  of  the  synovial  cavity  of  the  joint.  When 
the  latter  becomes  distended  by  blood  or  inflammatory  effusions  the 
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depression  is  no  longer  recognisable  but  is  replaced  by  a  crescentic 
or  horseshoe  swelling  which  surrounds  and  conceals  the  outline  of  the 
patella. 

The  lateral  patellar  recesses  are  succeeded  below  by  a  slight  fulness 
on  each  side  of  the  ligamentum  patellae  which  is  caused  by  the  presence 
of  a  large  extra-articular  mass  of  fat — formerly  known  as  the  Haversian 
Body — which  is  wedged  into  the  triangular  interval  between  the  liga- 
mentum patellae,  the  head  of  the  tibia,  and  the  femoral  condyles.  It 
conveys  to  the  examining  ringers  a  sense  of  fluctuation,  especially  in  the 
transverse  direction,  and  has  been  mistaken  in  some  instances  for  a 
collection  of  fluid.  Another  source  of  fulness  at  this  level  is  the  bursa 
between  the  ligamentum  patellae  and  the  upper  part  of  the  tubercle 
of  the  tibia.  When  enlarged  it  forms  a  fluctuating  swelling  which 
projects  on  each  side  of  the  ligament 

The  interval  between  the  femur  and  the  tibia,  i.e.  the  line  of  the  articula- 
tion, is  most  distinct  in  front,  and  is  detected  by  pressing  backwards  with 
the  finger-tips  on  each  side  of  the  patellar  ligament.  At  the  sides  the 
joint  line  is  not  very  distinct  owing  to  the  tension  and  resisting  character 
of  the  lateral  ligaments. 

If  the  patella  be  pushed  inwards  over  the  trochlear  surface  of  the 
femur  it  is  possible  to  palpate  the  prominent  outer  lip  of  this  articular 
area,  and  also  part  of  its  anterior  surface.  The  inner  articular  margin 
of  the  trochlea  may  also  be  felt  if  the  patella  be  displaced  outwards  ;  it 
is  much  less  prominent,  however,  than  the  external.  Both  of  these 
margins  become  thickened  or  lipped,  and  somewhat  irregular  also  in 
cases  of  chronic  rheumatic  arthritis.  The  outer  surface  of  the  external 
condyle  is  crossed  from  above  downwards  by  the  lower  part  of  the  ilio- 
tibial  band  of  the  fascia  lata ;  behind  this  will  be  felt  the  tuberosity  of 
the  condyle,  and  the  tendon  of  the  biceps  muscle  as  it  descends  to  reach 
its  insertion  into  the  head  of  the  fibula  (fig.  162).  The  summit  of  the  latter 
lies  about  a  finger's-breadth  below  the  femoro-tibial  articulation,  and  on 
a  line  with  the  lower  border  of  the  outer  tuberosity  of  the  tibia.  The 
external  popliteal  nerve,  which  closely  follows  the  inner  aspect  of  the 
biceps  tendon  in  the  popliteal  space,  becomes  more  superficial  at  this 
level  and  may  be  rolled  beneath  the  finger  as  it  passes  behind  the  head 
of  the  fibula.  Having  entered  the  groove  between  the  soleus  and 
peroneus  longus  muscles,  the  nerve  curves  forwards  between  the  latter 
muscle  and  the  neck  of  the  fibula,  and  divides  into  its  terminal  branches 
(p.  645).  In  front  of  the  head  of  the  fibula,  and  at  a  somewhat  higher 
level,  will  be  felt  the  prominent  anterior  part  of  the  outer  tuberosity  of 
the  head  of  the  tibia  into  which  the  ilio-tibial  band  is  inserted.  Upon 
the  inner  aspect  of  the  knee  the  finger  detects  the  prominence  caused  by 
the  tuberosity  of  the  internal  condyle  of  the  femur,  while  above  this, 
and  somewhat  more  deeply  placed,  is  the  adductor  tubercle  which 
marks  the  lowest  point  of  the  insertion  of  the  adductor  magnus  tendon, 
and  affords  an  accurate  guide  also  to  the  lower  epiphyseal  line  of  the 
femur  which  pursues  a  horizontal  direction  immediately  above  the 
margin  of  the  trochlear  surface.  Behind  the  internal  tuberosity  just 
mentioned,  the  lower  part  of  the  sartorius  muscle  and  the  tendon  of  the 
gracilis  curve  around  the  inner  aspect  of  the  condyle,  and  having  crossed 
this  aspect  of  the  joint,  incline  almost  immediately  forwards  to  be 
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inserted  into  the  upper  and  inner  aspect  of  the  shaft  of  the  tibia. 
Opposite  the  knee  these  muscles  are  closely  related  behind  to  the 
tendon  of  the  semitendinosus  muscle,  while  in  the  narrow  intervening 
space  will  be  found  the  internal  or  long  saphenous  vein,  the  long 
saphenous  nerve,  and  the  superficial  branch  of  the  anastomotica  magna 
artery. 

When  the  knee  is  flexed,  the  patella  at  first  becomes  more  prominent, 
but  as  the  movement  is  continued  it  sinks  deeply  into  the  intercondyloid 
notch,  its  outline  at  the  same  time  becomes  much  less  distinct  and  it 
faces  slightly  outwards  as  well  as  forwards;  the  upper  part  of  the 
trochlear  surface  of  the  femur,  too,  is  readily  felt  through  the  thin 
stratum  of  tissue  by  which  it  is  covered.  With  flexion  also  the  gap 
between  the  tibia  and  the  femur  in  front  is  increased.  The  condyles  are 
rendered  more  distinct,  their  curved  lower  margins  are  more  readily 
defined,  and  the  ligamentum  patellae  is  rendered  very  tense.  In  the 
kneeling  attitude  the  patella  protects  the  articulation,  and,  together  with 
the  tubercle  of  the  tibia,  supports  the  superincumbent  weight. 

The  skin  over  the  front  of  the  knee  is  moderately  thin,  very  often  it 
is  rough  and  marked  by  transverse  furrows  ;  it  possesses  a  very  free 
range  of  mobility. 

The  posterior  aspect  of  the  knee  coincides  with  the  area  known  as 
the  popliteal  space.  When  the  knee  is  extended  the  muscles  which 
form  the  lateral  boundaries  of  this  space  and  the  deep  fascia  also  by 
which  it  is  covered  are  rendered  very  tense,  the  cutaneous  surface  appears 
full  and  slightly  rounded  from  side  to  side,  and  owing  to  the  unyielding 
character  of  the  tissues  it  is  quite  impossible  to  make  out  any  details  of 
the  space  and  its  contents.  When  the  knee  is  flexed,  however,  the  ham- 
string muscles  and  the  deep  fascia  become  relaxed,  and  on  depressing  the 
integument  the  space  can  be  made  out  as  a  vertical  median  furrow 
extending  from  the  lower  part  of  the  thigh  downwards  beyond  the  line 
of  the  articulation.  The  muscles  which  bound  it  laterally  circumscribe  a 
lozenge-shaped  space,  consisting  of  an  upper  m  femoral  and  a  lower  or  tibial 
triangle.  The  boundaries  of  the  femoral  triangle  are  easily  recognised 
through  their  integumentary  coverings ;  they  are,  the  biceps  muscle 
externally,  the  tendons  of  the  semitendinosus  and  semimembranosus 
muscles  internally.  The  lower  or  tibial  triangle,  much  the  smaller  of  the 
two,  has  its  lateral  boundaries  formed  by  the  two  heads  of  the  gastro- 
cnemius  muscle,  which  in  turn  are  embraced  by  the  muscles  which  form 
the  lateral  boundaries  of  the  femoral  triangular  area.  The  space  enclosed 
by  the  two  heads  of  the  gastrocnemius  is  very  narrow  ;  in  fact,  they  not 
only  form  the  lateral  boundaries  of  this  region,  but  to  a  large  extent  also 
they  cover  the  posterior  aspect  of  the  articulation,  viz.,  those  parts  of 
the  posterior  ligament  which  overlie  the  femoral  condyles.  On  deep 
pressure  the  fingers  sink  into  the  upper  part  of  the  popliteal  spa,ce 
and  identify  the  triangular  area  at  the  back  of  the  femur  which  forms  the 
floor  of  the  space  at  this  level,  also  the  popliteal  vessels  and  the  cord 
formed  by  the  internal  popliteal  nerve.  The  artery,  from  its  close 
proximity  to  the  bone,  is  easily  compressed,  and  for  the  same  reason  also 
it  runs  considerable  risk  of  being  wounded  in  fractures  implicating  this 
part  of  the  bone.  From  the  foregoing  account  it  will  be  obvious  that  in 
conducting  an  examination  of  the  popliteal  space  the  knee  should  always 
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be  slightly  flexed.  The  skin  on  this  aspect  of  the  limb  is  smooth  and 
thin,  its  surface  is  marked  by  certain  transverse  furrows  or  flexion  creases, 
and  it  moves  freely  over  the  deeper  structures. 

The  Prepatellar  Bursa. — The  subcutaneous  tissue  upon  the  anterior 
and  lateral  aspects  of  the  knee  does  not  contain  much  fat,  it  possesses  a 
loose  texture  and  renders  the  skin  very  mobile.  The  point  of  chief 
surgical  interest  concerning  it  is  that  it  contains  a  bursa  which  is  situated 
in  front  of  the  lower  part  of  the  patella  and  the  upper  part  of  the  patellar 
ligament.  This  is  the  largest  subcutaneous  bursa  in  the  body,  and  as  a 
rule  its  interior  is  intersected  by  fibrous  bands.  Owing  to  its  superficial 
and  very  exposed  position  inflammation  of  this  bursa  is  comparatively 
common  ;  it  may  assume  an  acute  form  and  terminate  in  suppuration — 
acute  suppurative  bursitis — or  it  may  follow  a  chronic  course.  In  cases  of 
the  latter  type  the  bursal  cavity  not  infrequently  becomes  distended 
with  a  clear  watery  fluid  and  forms  a  soft  fluctuating  swelling  in  front  of 
the  knee  ;  this  is  the  condition  commonly  known  as  housemaids  knee,  since 
it  appears  to  depend  upon  the  irritation  caused  by  frequent  and  prolonged 
kneeling  upon  a  hard  surface.  Prompt  incision  and  drainage  are  indicated 
in  the  acute  septic  variety  of  bursitis.  Failure  to  carry  out  this  plan  of 
treatment  is  apt  to  be  followed  by  the  escape  of  the  purulent  contents  of 
the  bursa  through  the  bursal  wall  and  their  rapid  diffusion  throughout  the 
loose  periarticular  tissues,  giving  rise  to  a  swelling  which  at  first  sight 
might  be  mistaken  for  inflammation  of  the  synovial  membrane  of  the 
joint ;  careful  examination,  however,  reveals  the  fact  that  the  abscess  is 
superficial  to  and  not  beneath  the  patella. 

Excision  of  the  bursal  sac  is  the  most  satisfactory  treatment  in  the 
chronic  form  of  bursitis.  A  curved  or  semilunar  incision  is  made 
through  the  superficial  tissues  circumscribing  the  upper  segment  of  the 
swelling,  i.e.  the  convexity  of  the  incision  is  directed  upwards.  The 
superficial  tissues  are  raised  from  contact  with  the  cyst,  which  is  then 
dissected  away  completely  off  the  patella  and  its  ligament.  Were  the 
incision  made  in  the  opposite  direction,  viz.,  convex  downwards  or 
vertically,  the  cicatrix  left  after  healing  might  be  a  source  of  pain  or 
tenderness  on  pressure. 

A  small  bursa  is  sometimes  present  in  the  subcutaneous  tissue  over 
the  tubercle  of  the  tibia — prcetibial  bursa ;  it  has  been  noted  most 
frequently  in  those  whose  occupation  requires  constant  kneeling.  The 
bursa  related  to  the  deep  aspect  of  the  tendons  at  the  inner  side  of  the 
knee  is  occasionally  enlarged  also  ;  it  forms  an  oval  fluctuating  swelling 
over  the  inner  aspect  of  the  head  of  the  tibia  and  the  internal  lateral 
ligament  of  the  knee-joint. 

The  Contents  of  the  Popliteal  Space  are  brought  into  view  by  removing  the  superficial 
tissues  and  the  deep  fascia  which  at  this  level  possesses  considerable  strength.  They  include  a 
collection  of  soft  fatty  tissue  which  is  most  abundant  in  the  upper  or  femoral  subdivision  of  the 
space,  and  in  the  midst  of  which  are  found  the  popliteal  vessels  and  nerves  with  their  branches 
and  the  popliteal  lymphatic  glands. 

Popliteal  Nerves. — Internal  Popliteal  or  Tibial  Nerve.— The  great  sciatic  nerve,  having 
reached  the  upper  angle  of  the  space,  divides  into  its  terminal  branches,  the  internal  popliteal  or 
tibial  nerve  and  the  external  popliteal  or  peroneal  nerve.  The  former  of  these  takes  a  straight 
course  to  the  lower  angle  of  the  space  superficial  to  the  popliteal  vessels  and  just  beneath  the  deep 
fascia,  but  as  the  vessels  pursue  an  oblique  course  from  within  outwards  the  nerve  lies  at  first  to 
their  outer  side ;  opposite  the  intercondyloid  notch  of  the  femur  it  lies  immediately  over,  i.e. 
posterior  to,  both  vessels,  and  at  the  lower  angle  of  the  space  it  is  situated  to  their  inner  side.  Hav- 
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ing  gained  the  lower  border  of  the  popliteus  muscle  it  is  continued  down  the  leg  as  the  posterior 
tibial  nerve.  In  the  lower  half  of  its  course  the  internal  popliteal  nerve  gives  off  a  number  of 
branches,  viz.,  a  large  cutaneous  or  sensory  branch,  the  nervus  communicans  tibialis,  which 
•descends  along  the  back  of  the  leg  and,  having  pierced  the  deep  fascia  in  its  middle  third,  is  joined 
by  a  corresponding  branch  of  the  external  popliteal  nerve,  nervus  communicans  fibularis,  both 
together  forming  the  short  or  external  saphenous  nerve  ;  it  also  furnishes  motor  branches  to  both 
heads  of  the  gastrocnemius,  the  plantaris,  and  popliteus  muscles,  and  three  articular  branches  to  the 
knee-joint.  These  last  accompany  the  internal  articular — superior  and  inferior — and  the  azygos 
articular  branches  of  the  popliteal  artery. 

The  External  Popliteal  or  Peroneal  Nerve  in  the  first  part  of  its  course  keeps  quite  close 
to  the  inner  border  of  the  biceps  muscle  which  forms  the  outer  boundary  of  the  femoral  sub- 
division of  the  space,  and  accompanies  it  to  its  insertion,  the  nerve  at  this  point  lying  behind  the 
head  of  the  fibula  and  beneath  the  deep  fascia.  It  next  enters  the  groove  between  the  soleus  and 
peroneus  longus  muscles  and  curves  forwards  between  the  latter  of  these  and  the  neck  of  the 
fibula,  about  one  inch  below  its  head,  and  divides  into  its  terminal  branches,  viz.,  the  anterior  tibial 
recurrent,  anterior  tibial,  and  musculo-cutaneous  nerves.  Before  breaking  up  into  these,  however, 
it  gives  off  a  large  cutaneous  branch,  the  nervus  communicans  fibularis,  which  descends  along 
the  back  of  the  leg  and  is  joined  by  the  nervus  communicans  tibialis,  a  branch  of  the  internal 
popliteal  nerve ;  it  also  furnishes  some  small  cutaneous  branches  to  the  upper  and  outer  part  of 
the  leg,  and  two  artictilar  branches  to  the  knee-joint  which  associate  themselves  with  the  external 
articular  branches — superior  and  inferior — of  the  artery. 

The  Popliteal  Artery  enters  the  space  at  its  upper  and  inner  part  beneath  the  tendinous 
arch  of  the  adductor  magnus  and  leaves  it  at  the  lower  border  of  the  popliteus  muscle,  beyond 
which  it  divides  into  its  two  terminal  branches,  the  anterior  and  posterior  tibial  arteries.  At 
first  it  lies  alongside  the  outer  border  of  the  semimembranosus  muscle,  but  gradually  inclining 
outwards  it  gains  the  middle  line  of  the  limb  at  the  level  of  the  intercondyloid  notch  of  the  femur, 
and  occupies  a  mesial  position  for  the  remainder  of  its  course.  By  its  deep  or  anterior  aspect 
the  artery  is  related  from  above  downwards  to  the  popliteal  surface  of  the  femur,  some  soft  fatty 
tissue  intervening,  the  central  part  of  the  posterior  ligament  of  the  joint  and  the  fascia  covering 
the  popliteus  muscle.  It  is  closely  accompanied  throughout  by  the  popliteal  vein,  the  connection 
between  the  two  vessels  being  very  intimate.  The  vein  is  peculiar  in  possessing  an  unusually 
thick  wall ;  at  first  it  lies  to  the  outer  side  of  the  artery,  lower  down  it  lies  directly  behind,  and  at 
the  lower  extremity  of  the  space  it  is  situated  at  its  inner  side. 

Branches  of  the  Popliteal  Artery. — In  addition  to  a  number  of  muscular  branches  to  the 
hamstrings,  and  two  of  considerable  size  to  the  two  heads  of  the  gastrocnemius — inferior  sural 
•arteries — the  popliteal  artery  gives  off  five  articular  branches  to  the  knee-joint,  viz.,  two  external 
and  two  internal  articular,  and  one  mesial  or  azygos  articular  branch.  ( I )  The  superior  external 
articular  artery  is  directed  outwards  above  the  external  condyle  and  beneath  the  biceps  tendon. 
It  pierces  the  external  intermuscular  septum  and  enters  the  substance  of  the  vastus  externus  within 
•which  it  anastomoses  with  the  descending  branch  of  the  external  circumflex  artery  (profunda),  the 
anastomotica  magna  (femoral),  and  the  terminal  part  of  the  profunda  artery.  By  means  of  descend- 
ing branches  it  anastomoses  also  with  the  inferior  external  articular  and  with  the  anterior  tibial 
recurrent  artery.  (2)  The  superior  internal  articular  artery  is  directed  inwards  above  the  internal 
condyle  and  beneath  the  tendon  of  the  adductor  magnus.  It  enters  the  vastus  internus  muscle 
and  anastomoses  with  the  anastomotica  magna  and  superior  external  articular  arteries.  (3)  The 
inferior  external  articular  artery  is  directed  transversely  outwards  across  the  popliteus  muscle, 
beneath  the  plantaris  and  the  outer  head  of  the  gastrocnemius  ;  it  then  passes  beneath  the  external 
lateral  ligament,  immediately  above  the  head  of  the  fibula,  and  curves  forwards  along  the 
peripheral  margin  of  the  external  semilunar  nbro-cartilage ;  it  anastomoses  with  the  inferior 
internal  articular  and  anterior  tibial  recurrent  arteries.  (4)  The  inferior  internal  articular 
artery  usually  arises  just  below  the  latter,  and  inclines  downwards  and  inwards  rather  obliquely 
beneath  the  inner  head  of  the  gastrocnemius.  It  curves  around  the  inner  tuberosity  of  the  tibia, 
beneath  the  internal  lateral  ligament  of  the  joint,  and  anastomoses  with  the  inferior  external 
.articular,  anterior  tibial  recurrent,  and  superior  internal  articular  arteries.  (5)  The  middle  or 
•azygos  articular  artery  springs  from  the  anterior  aspect  of  the  popliteal  trunk  within  the  inter- 
condyloid notch,  and  having  pierced  the  posterior  ligament,  reaches  its  final  distribution  in  the 
crucial  ligaments,  synovial  membrane,  and  fatty  tissue  of  the  joint.  A  minute  nerve,  the 
geniculate  branch  of  the  obturator,  descends  along  the  inner  side  of  the  popliteal  artery  and 
traverses  the  posterior  ligament  of  the  joint  with  this  artery  and  one  of  the  articular  branches  of 
the  internal  popliteal  nerve. 

The  Popliteal  Lymphatic  Glands,  four  or  five  in  number,  are  embedded  in  the  fatty  tissue 
of  the  space,  in  close  proximity  to  the  popliteal  vessels.  A  small  gland  is  sometimes  observed 
also  just  beneath  the  deep  fascia,  near  the  point  where  it  is  traversed  by  the  external  saphenous 
vein.  The  afferent  vessels  which  reach  these  glands  proceed  from  the  sole  of  the  foot  and  the 
back  of  the  leg,  and  from  a  small  gland — anterior  tibial — which  is  situated  alongside  the  anterior 
tibial  artery  at  the  upper  part  of  the  interosseous  membrane.  They  also  receive  the  superficial 
lymphatics  which  accompany  the  external  saphenous  vein.  Their  efferent  vessels  are  directed  to 
the  deep  femoral  glands  which  have  been  already  described  (p.  602). 
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Bursae  in  the  Popliteal  Space. — Certain  bursse  are  found  in  the  popliteal  space.  The 
principal  of  these  is  situated  beneath  the  inner  head  of  the  gastrocnemius  and  the  adjoining 
portion  of  the  tendon  of  the  semimembranosus  —  bursa  of  Sir  Benjamin  Brodie ;  it  not  infre- 
quently communicates  with  the  synovial  cavity  of  the  knee-joint.  Another  bursa  is  situated 
usually  between  the  tendon  of  the  semimembranosus  and  the  inner  tuberosity  of  the  head  of  the 
tibia.  One  is  sometimes  found  also  beneath  the  outer  head  of  the  gastrocnemius.  At  the  outer 
aspect  of  the  joint  two  bursae  are  found  in  relation  to  the  tendon  of  the  popliteus  muscle.  One 
of  these  is  situated  between  the  tendon  and  the  external  lateral  ligament  of  the  knee-joint ;  the 
other  is  in  relation  to  the  deep  aspect  of  the  tendon,  and  communicates  with  the  synovial  cavity 
of  the  joint.  An  extension  of  this  bursa  is  directed  with  the  popliteus  tendon  to  the  back  of  the 
outer  tuberosity  of  the  tibia,  and  communicates  very  frequently  with  the  superior  tibio-fibular 
articulation. 

The  Popliteal  Artery  is  overlaid  by  the  semimembranosus  muscle 
in  the  upper  part  of  its  course;  lower  down  it  is  hidden  between  the 
two  heads  of  the  gastrocnemius  (fig.  164),  and  its  intermediate  part, 
which  is  covered  only  by  the  superficial  tissues,  does  not  measure  much 
more  than  an  inch.  These  circumstances,  taken  in  conjunction  with  its 
deep  portion,  explain  why  injury  of  this  vessel  is  an  accident  of  great 
rarity.  When  the  leg  is  fully  extended  the  artery  describes  a  straight 
course  between  its  two  extremities,  but  in  the  flexed  attitude  of  the  limb 
it  presents  a  sinuous  outline,  the  laxity  of  its  surroundings  allowing  it 
to  describe  a  series  of  lateral  inflexions.  When  flexion  is  carried  to  its 
fullest  extent  the  artery  is  acutely  bent  and  compressed  to  a  sufficient 
extent  to  obliterate  its  lumen,  as  is  shown  by  cessation  of  the  pulse  in 
the  posterior  tibial  artery  at  the  inner  side  of  the  ankle. 

Ligature  of  the  Popliteal  Artery. — The  artery  is  most  readily 
reached  for  the  purpose  of  applying  a  ligature  at  the  upper  and  inner 
part  of  the  space.  The  thigh  being  flexed,  abducted,  and  rotated  out- 
wards, an  incision  about  four  inches  in  length  is  made  parallel  to  and 
just  behind  the  tendon  of  the  adductor  magnus,  commencing  at  the 
junction  of  the  middle  and  lower  thirds  of  this  segment  of  the  limb.  The 
superficial  tissues  and  deep.fascia  having  been  divided,  the  sartorius 
muscle  is  brought  into  view  and  drawn  backwards  with,  probably,  the 
long  saphenous  vein.  The  tendon  of  the  adductor  magnus  is  defined  and 
drawn  forwards,  care  being  taken  to  avoid  the  deep  branch  of  the  anasto- 
motica  magna  artery.  On  displacing  the  semimembranosus  muscle  back- 
wards the  popliteal  artery  is  exposed  and  will  be  observed  to  lie  in  close 
contact  with  the  femur  surrounded  by  some  loose  fatty  tissue,  the  vein 
lying  behind  and  somewhat  to  its  outer  side.  The  close  connection  which 
exists  between  the  two  vessels  renders  the  final  step  of  the  operation,, 
viz.,  the  application  of  the  ligature,  a  matter  requiring  considerable 
circumspection. 

Collateral  Circulation. — The  circulation  through  the  limb  will  be 
maintained  by  the  very  free  anastomoses  which  are  established  by  the 
descending  branch  of  the  external  circumflex  artery,  the  four  perforating 
arteries  (deep  femoral),  and  the  anastomotica  magna  (superficial femora^ 
with  the  articular  branches  of  the  popliteal  and  the  anterior  and  posterior 
tibial  recurrent  arteries  (anterior  tibial). 

Anastomoses  around  the  Knee-joint — In  addition  to  supplying  the 
ligamentous  structures  and  synovial  membrane  of  the  joint,  the  muscles 
in  its  vicinity  and  the  articular  ends  of  the  bones,  the  articular  branches 
of  the  popliteal  artery  help  to  form  a  series  of  anastomoses  which  are 
arranged  in  the  form  of  three  well'  defined  arterial  arches  on  the  anterior 
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aspect  of  the  articulation.  The  first  of  these  arches  is  situated  in  the 
midst  of  the  superficial  fibres  of  the  quadriceps  muscle  near  the  upper 
border  of  the  patella.  The  two  lower  arches  are  directed  transversely 
through  the  fatty  tissue  behind  the  ligamentum  patellae.  These  three 
arches  are  formed  by  the  articular  arteries  already  described,  reinforced 
above  by  the  anastomotica  magna  and  the  descending  branch  of  the 
external  circumflex,  and  below  by  the  anterior  tibial  recurrent  artery. 
They  communicate  also  with  each  other  by  means  of  ascending  and 
descending  branches,  the  result  of  this  arrangement  being  that  the  patella 
is  surrounded  by  a  rich  arterial  network. 

Popliteal  Aneurysm. — Next  to  the  thoracic  aorta  the  popliteal 
artery  is  more  frequently  the  seat  of  aneurysm  perhaps  than  any  of  the 
other  large  arteries  in  the  body,  this  circumstance  evidently  being  de- 
pendent on  the  forcible  strain  thrown  upon  the  artery  in  the  movement 
of  extension  at  the  knee,  especially  if  it  be  frequently  carried  to  excess. 
In  the  case  of  a  normal  vessel  this  might  not  produce  any  untoward  result, 
but  when  it  is  in  a  diseased  state,  viz.,  rigid  from  atheromatous  changes,  a 
forcible  longitudinal  strain  would  be  very  likely  to  cause  rupture  of  its 
inner  and  middle  coats  and  the  subsequent  development  of  an  aneurysm, 
which,  when  once  established,  tends  to  increase  with  marked  rapidity 
owing  to  the  fact  that  it  is  situated  in  the  midst  of  very  loose  tissue. 
Should  the  aneurysmal  sac  project  in  a  forward  direction  it  may  cause 
extensive  absorption  of  the  adjoining  bone  and  enter  the  joint.  Its 
presence,  indeed,  is  sometimes  revealed  for  the  first  time  by  stiffness  and 
pain  in  the  knee,  not  unlike  that  of  chronic  rheumatism,  the  joint  too. 
is  maintained  in  the  semiflexed  position  and  cannot  be  straightened 
except  with  difficulty.  When  the  aneurysm  develops  in  a  backward 
direction,  i.e.  towards  the  superficial  aspect  of  the  space,  its  progress  is 
usually  rapid,  as  it  meets  with  practically  no  resistance.  Its  wall  may 
eventually  give  way  and  its  contents  become  diffused  throughout  the  space. 
Such  an  accident  is  almost  certain  to  be  followed  by  moist  gangrene 
of  the  limb  owing  to  the  fact  that  the  venous  return  from  the  foot  and 
leg  and  subsequently  the  arterial  flow  through  these  parts,  is  interrupted 
by  the  blood  extravasated  in  the  popliteal  space.  An  extravasation 
originating  in  this  way  may  spread  very  widely  beneath  the  deep  fascia, 
viz.,  upwards  along  the  back  of  the  thigh,  forwards  through  the  opening 
in  the  adductor  magnus  to  the  anterior  region  of  the  thigh,  or  downwards 
between  the  superficial  and  deep  muscles  on  the  back  of  the  leg. 

It  should  be  noted  in  connection  with  this  subject  that  every  swelling 
in  the  popliteal  space  which  pulsates  is  not  necessarily  an  aneurysm, 
seeing  that  a  cystic  or  other  tumour  in  immediate  proximity  to  the 
vessels  may  have  transmitted  to  it  the  pulsations  of  the  artery. 

Bursal  Cysts. — Cystic  tumours  in  the  popliteal  space  have  their 
origin  very  commonly  in  one  of  the  bursae  in  this  region.  That  between 
the  inner  head  of  the  gastrocnemius  and  the  posterior  ligament  of  the 
knee-joint  appears  to  be  the  one  most  frequently  affected  (Brodie's 
Bursa).  It  may  attain  a  considerable  size,  forming  a  soft,  fluctuating 
swelling  at  the  back  of  the  knee.  When  the  knee  is  fully  extended 
the  cyst  becomes  tense,  but  when  flexed  the  surrounding  tissues  relax 
and  the  outline  of  the  cyst  is  more  readily  defined;  it  may  even  be 
possible  to  diminish  its  volume  by  sustained  pressure,  its  contents  being 
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forced  into  the  knee-joint  through  the  narrow  aperture  which  so  fre- 
quently brings  this  bursa  into  direct  communication  with  the  synovial 
cavity  of  the  knee-joint.  A  large  bursal  cyst  in  this  locality  may  be  a 
source  of  serious  inconvenience  in  the  movements  of  the  knee  and  may 
demand  operative  treatment,  viz.,  excision.  A  straight  incision  is  made 
over  the  most  prominent  part  of  the  swelling,  the  cyst  wall  is  exposed 
and  separated  from  its  surroundings  until  its  neck  is  reached  ;  a  ligature 
is  then  applied  here  and  the  fundus  of  the  cyst  cut  away. 

The  presence  of  a  direct  communication  between  the  bursal  cavity  and 
the  knee-joint  is  a  powerful  indication,  if  indeed  such  were  necessary,  for 
complete  asepsis  in  the  performance  of  this  simple  operative  procedure. 

Popliteal  Abscess  is  probably,  in  the  majority  of  instances,  secondary 
to  inflammation  and  suppuration  of  an  acute  or  chronic  type  affecting 
the  popliteal  lymphatic  glands  (lymphadenitis).  Its  next  most  frequent 
source  without  doubt  is  inflammation  of  the  periosteum  of  the  lower 
part  of  the  shaft  of  the  femur  (suppurative  periostitis).  The  presence  of 
a  limited  collection  of  pus  in  the  popliteal  space  is  masked  to  a  large 
extent  by  the  density  and  unyielding  character  of  the  popliteal  fascia,  and 
consequently  it  may  remain  unnoticed  until  the  tissues  of  the  space  have 
become  extensively  infiltrated  and  destroyed,  and  the  space  itself  con- 
verted into  a  large  abscess  cavity  within  which  the  popliteal  vessels  and 
nerves  stand  out  in  prominent  relief.  The  pus  may  even  burrow  upwards 
into  the  thigh  or  downwards  into  the  leg  beneath  the  soleus  muscle. 
Eventually  the  coverings  of  the  space  having  become  more  and  more 
attenuated  by  a  gradual  process  of  ulceration,  the  abscess  points  and  its 
contents  are  discharged.  The  necessity  for  early  incision  and  free  drainage 
of  such  abscesses  is  very  great,  i.e.  before  the  destructive  changes  just 
described  have  taken  place,  otherwise  a  large  cavity  will  be  left,  and  as 
this  is  surrounded  by  walls  which  are  partly  bony,  partly  tendinous,  and 
therefore  very  rigid,  the  process  of  healing  will  probably  be  very  tedious, 
and  suppurating  sinuses  may  remain,  discharging  indefinitely.  Cases 
have  been  recorded  in  which  amputation  had  to  be  performed  through 
the  thigh  in  order  to  obviate  the  risks  attending  continuous  and 
protracted  suppuration  in  this  part  of  the  limb.  • 

Tenotomy  of  the  Hamstring  Muscles  is  sometimes  required  in 
cases  in  which  the  knee  has  been  maintained  in  the  flexed  attitude  for 
a  lengthened  period,  during  which  the  muscles  have  become  perma- 
nently contracted.  The  principal  risk  of  the  procedure  is  that  which 
is  entailed  in  the  division  of  the  biceps  tendon.  The  external  popli- 
teal nerve  which  descends  in  close  relation  to  the  inner  border  of  the 
latter  is  liable  to  be  wounded,  and  in  order  to  prevent  such  an  un- 
desirable accident  the  tenotome  should  be  introduced  on  the  flat  and 
quite  close  to  the  tendon,  i.e.  between  it  and  the  nerve..  Its  cutting 
edge  is  then  turned  outwards,  and  while  the  biceps  is  made  tense  by  an 
assistant  who  applies  an  extending  force  to  the  leg,  the  tendon  is  divided. 
Bearing  in  mind  the  risk  of  this  procedure,  especially  in  unskilled  hands, 
the  alternative  method,  viz.,  a  free  incision  and  a  full  view  of  the  field  of 
operation,  has  much  to  be  said  in  its  favour.  The  division  of  the  tendons 
of  the  semitendinosus  and  semimembranosus  muscles  presents  no 
difficulty,  and  no  anatomical  structure  of  note  is  endangered  if  ordinary 
care  be  taken. 
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THE  KNEE-JOINT. — From  the  morphological  standpoint  this  articulation  may  be 
considered  as  consisting  of  two  distinct  joints,  viz.,  (i)  femoro-tibial  and  (2)  femoro-patellar  ; 
both  are  directly  continuous,  however,  in  the  human  subject. 

BONES. — The  Lower  Extremity  of  the  Femur  consists  of  the  two  prominent 
articulating  eminences,  known  as  the  condyles.  The  inner  of  these  is  narrower  and  shorter  from 
before  backwards  than  the  external.  If  the  shaft  of  the  bone  be  held  vertically  the  inner 
condyle  also  appears  to  extend  further  downwards  than  its  fellow,  but  when  the  femoral  axis  is 
inclined  with  its  normal  degree  of  inward  obliquity  the  plane  corresponding  to  the  lower 
surfaces  of  both  condyles  is  almost  horizontal.  Posteriorly,  the  condyles  are  separated  by  a  deep 
fossa,  the  intercondyloid  notch,  within  which  the  crucial  ligaments  are  lodged  and  to  the  sides 
of  which  they  obtain  attachment.  The  lower  articular  surfaces  of  the  condyles  are  convex  in 
both  directions,  and  they  coalesce  in  front  to  form  the  trochlear  surface  against  which  the  patella 
glides  in  the  movements  of  flexion  and  extension  of  the  joint.  The  outer  part  of  this  area  is 
more  prominent  and  ascends  to  a  higher  level  than  the  inner.  The  surface  of  the  femur 
immediately  above  the  trochlea  is  perforated  by  numerous  large  vascular  foramina,  it  is  covered 


FIG.  163. — The  lower  epiphysis  of  the  femur  and  the  upper  epiphysis  of  the  tibia  (Poland). 

in  the  recent  state  by  a  layer  of  synovial  membrane  and  some  soft  subsynovial  fatty  tissue,  and 
supports  the  upper  two-thirds  of  the  patella  in  the  extended  position  of  the  joint.  On  the  lateral 
aspect  of  each  condyle  and  nearer  its  posterior  than  its  anterior  part  is  an  irregular  prominence, 
the  tuberosity,  to  which  the  lateral  ligament  is  attached.  Beneath  the  tuberosity  of  the  external 
condyle  is  a  depression  which  marks  the  origin  and  at  the  same  time  lodges  the  tendon  of  the 
popliteus  muscle.  Above,  and  slightly  posterior  to  the  tuberosity  of  the  internal  condyle,  is  the 
small  bony  projection  at  the  lower  extremity  of  the  internal  epicondylic  ridge,  known  as  the 
adductor  tubercle.  The  trochlear  surface  just  mentioned  is  demarcated  from  the  inferior  articular 
surfaces  of  the  two  condyles  by  two  oblique  furrows,  which  commence  on  each  side  at  the  lower 
part  of  the  trochlear  surface  and  extend  obliquely  from  before  backwards  to  the  anterior  part  of 
the  intercondyloid  notch  ;  these  furrows  rest  in  contact  with  the  anterior  cornua  of  the  semilunar 
nbro-cartilages  when  the  knee  is  extended. 

The  lower  extremity  of  the  femur  is  ossified  from  a  single  centre  which  makes  its  appearance 
during  the  latter  end  of  the  ninth  month  of  intrauterine  life,  and  joins  the  shaft  between  the 
twentieth  and  the  twenty-second  year. 

The  Upper  Extremity  or  Head  of  the  Tibia  is  its  most  expanded  part  and  presents 
an  extensive  articular  surface  commensurate  with  the  lower  aspect  of  the  condyles  of  the  femur. 
This  articular  surface  of  the  tibia  forms  a  nearly  horizontal  plateau,  but  when  the  semilunar  fibro- 
cartilages  are  in  situ  it  is  deepened  slightly  in  the  form  of  two  fossae  or  sockets  for  the  femoral 
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condyles  (fig.  164).  The  centre  of  this  area  presents  a  rough  conical  projection,  the  spine  of  the 
tibia,  the  summit  of  which  is  notched  and  surmounted  by  two  small  tubercles.  In  front  of  the 
tibial  spine  is  a  rough  V-shaped  area  which  gives  attachment  to  the  anterior  cornua  of  the  semi- 
lunar  fibro-cartilages  and  the  anterior  crucial  ligament.  At  the  back  of  the  spine  is  another 
V-shaped  area  terminating  behind  in  a  well-defined  notch.  This  area  provides  attachment  for 
the  posterior  cornua  of  the  semilunar  fibro-cartilages  and  the  posterior  crucial  ligament.  This 
rough  intermediate  area  upon  the  upper  surface  of  the  head  of  the  tibia  is  bounded  on  each  side 
by  a  smooth  articular  surface,  the  inner  being  the  larger,  especially  from  before  backwards,  and 
slightly  concave.  The  outer  articular  area  is  flatter  and  its  outline  is  more  nearly  circular.  In 
front  the  head  of  the  tibia  slopes  downwards  and  forwards  to  the  tubercle  which  forms  the 
upper  limit  of  the  anterior  crest  of  the  shaft  of  the  bone.  The  lower  part  of  the  tubercle  is 
rough  and  gives  attachment  to  the  ligamentum  patellae  ;  its  upper  part  is  smooth  and  is  separated 
from  the  ligament  by  the  infrapatellar  bursa.  The  outer  tuberosity  of  the  head  of  the  tibia 
overhangs  the  shaft  more  than  the  inner  and  is  marked  at  its  posterior  part  by  a  small  facet  for 
articulation  with  the  head  of  the  fibula.  The  slight  prominence  in  front  of  this  outer  tuberosity 
indicates  the  level  of  the  attachment  of  the  ilio-tibial  band.  A  deep  groove  on  the  postero- 
internal  aspect  of  the  inner  tuberosity  indicates  the  principal  insertion  of  the  tendon  of  the 
semimembranosus  muscle. 

The  upper  extremity  of  the  tibia  is  ossified  from  an  epiphysis  which  appears  a  short  time 
before  birth.  From  it  are  developed  the  two  tuberosities  and  the  tubercle  (fig.  163) ;  it  fuses 
with  the  shaft  between  the  twentieth  and  the  twenty-fourth  year. 

The  Patella  is  a  sesamoid  bone  developed  in  the  tendon  of  the  quadriceps  muscle.  It  is 
irregularly  triangular  in  shape  ;  its  upper  or  basal  extremity,  which  is  comparatively  thick,  gives 
attachment  to  the  quadriceps  tendon  in  its  anterior  two-thirds ;  its  lower  or  apical  extremity  is  in 
connection  with  the  ligamentum  patellae,  and  its  lateral  margins  receive  part  of  the  tendinous 
insertions  of  the  vasti  muscles.  The  anterior  surface  of  the  bone  is  slightly  convex  and  occupies 
a  very  superficial  position,  its  coverings  consisting  of  the  integument,  the  superficial  and  deep 
fasciae,  and  a  thin  tendinous  expansion  derived  from  the  quadriceps  muscle.  The  longitudinal 
streaks  observed  in  macerated  patellae  are  caused  by  these  tendinous  fibres.  Numerous  vascular 
foramina  are  to  be  observed  also  on  this  anterior  surface.  The  posterior  surface  of  the  patella  is 
almost  entirely  covered  by  cartilage,  the  only  part  where  this  is  wanting  being  the  small  area 
immediately  above  and  behind  the  apex  of  the  bone  which  normally  receives  a  covering  of 
synovial  membrane.  The  cartilage-covered  surface  is  subdivided  by  a  vertical  ridge  into  two 
facets  for  the  condyles  of  the  femur.  The  outer  of  these  is  the  larger,  and  not  infrequently  both 
are  subdivided  by  two  transverse  ridges,  so  that  three  minor  faceted  areas  may  be  observed  on 
each  side  of  the  median  vertical  ridge.  Another  facet,  somewhat  narrow  and  directed  vertically, 
is  usually  present  at  the  inner  part  of  the  inner  articular  area,  making  seven  in  all. 

The  patella  is  ossified  from  a  single  ossific  centre  which  appears  about  the  third  year. 
Ossification  is  usually  completed  by  the  fifteenth  year. 

LIGAMENTS. — The  ligaments  of  the  knee-joint  may  be  divided  into  two  groups — (l) 
those  which  surround  the  joint  on  its  outer  aspect — external  ligaments — and  which  include  the 
capsular  ligament,  the  quadriceps  tendon  and  its  expansions,  the  ligamentum  patellae,  the  two- 
lateral  ligaments  and  the  posterior  ligament ;  (2)  those  which  are  situated  within  the  joint — 
internal  or  infra-articular  ligaments — and  which  include  the  two  crucial  ligaments,  the  two- 
semilunar  fibro-cartilages,  the  coronary  and  transverse  ligaments. 

The  Capsule  of  the  Knee-joint  is  a  somewhat  ill-defined  structure.  In  front  it  stretches 
between  the  condyles  of  the  femur  and  the  head  of  the  tibia  on  each  side  of  the  patella  and  the 
patellar  ligament.  It  is  overlaid  and  at  the  same  time  incorporated  with  the  tendinous  expansions 
of  the  vastus  externus  and  vastus  internus  muscles,  these,  in  turn,  being  invested  by  the  fascia  lata 
which  extends  over  the  articulation  and  fuses  with  the  deep  fascia  of  the  leg.  At  the  upper  and 
anterior  part  of  the  joint  cavity,  i.e.  above  the  patella,  the  capsule  is  deficient,  being  replaced  by 
the  quadriceps  tendon,  while  at  the  sides  it  is  interrupted  by  the  lateral  ligaments.  Posteriorly 
it  is  more  clearly  defined  than  elsewhere,  and  stretches  from  the  upper  borders  of  the  condyles  and 
the  posterior  aspect  of  the  intercondyloid  notch  of  the  femur  to  the  posterior  border  of  the  head 
of  the  tibia.  This  part  of  the  capsule,  viz.,  the  posterior  ligament,  is  reinforced  by  an  accessory 
ligamentous  band,  derived  from  the  tendon  of  the  semimembranosus  muscle,  which  is  directed 
from  the  lower  and  inner  aspect  of  the  joint  obliquely  upwards  and  outwards  to  the  outer  condyle 
of  the  femur  ;  it  is  known  as  the  ligamentum  posticum,  or  the  ligament  of  Winslow.  Numerous 
small  spaces  occupied  by  fatty  tissue  interrupt  the  continuity  of  the  fibres  of  this  posterior 
ligament,  and  in  addition  it  is  pierced  by  the  azygos  articular  vessels  already  described.  The 
portions  covering  the  condyles  of  the  femur  are  closely  related  to  the  heads  of  the  gastrocnemius 
muscle.  A  small  aperture  is  sometimes  present  in  the  part  overlying  the  internal  condyle, 
through  which  the  bursa  beneath  the  inner  head  of  the  gastrocnemius  muscle  communicates  with 
the  joint.  At  its  lower  and  outer  part  the  posterior  ligament  is  pierced  by  the  tendon  of  the 
popliteus  muscle. 

The  Ligamentum  Patellae  is  a  very  strong,  flattened  band  about  two  inches  in  length,  which 
extends  from  the  lower  or  apical  extremity  of  the  patella  downwards  and  with  a  slight  outward 
obliquity  to  the  lower  part  of  the  tubercle  of  the  tibia.  Some  of  its  superficial  fibres  are  con- 
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tinued  over  the  front  of  the  patella  into  the  tendon  of  the  quadriceps  of  which  it  is  really  part. 
A  small  bursa  (infrapatellar)  intervenes  between  the  lower  part  of  this  ligament  and  the  tubercle 
of  the  tibia  ;  the  upper  part  of  the  ligament  is  related  behind  to  the  infrapatellar  pad  which 
separates  it  from  the  synovial  membrane  of  the  joint. 

Expansion  from  the  Quadriceps. — The  tendinous  portions  of  the  vasti,  which  are  continued 
from  the  quadriceps  muscle  to  the  head  of  the  tibia,  reinforce  the  capsule  to  a  very  large  extent  on 
each  side  of  the  patella  and  its  ligament.  These  tendinous  fibres  are  arranged  in  different  strata 
which  are  recognised  mainly  by  the  varying  direction  of  their  fibres ;  thus,  some  descend 
vertically  from  the  vasti  to  the  head  of  the  tibia  ;  these  are  most  distinct  in  the  vastus  internus. 
Those  belonging  to  the  vastus  externus  are  overlaid  and  powerfully  supplemented  by  the  strong 
ilio-tibial  band  of  the  fascia  lata.  Beneath  the  vertical  fibres  are  others  which  curve  obliquely 

Patella. 


Ligamentum  mucosum. 

Anterior  Crucial  Ligament. 
Posterior  Crucial  Ligament. . 


Ext.  Semilunar  Fibro- 
cartilage. 

Tendon  of  Popliteus  M. 


Internal  Semilunar  — 
Fibro-cartilage. 


Sartorius.  --"' 


Gracilis.  -' 


Semimembranosus  M. 

Semitendinosus  M. 

Inner  Head  of  Gastrocnemius. 


Ext.  Lat.  Ligament. 


Biceps  M. 


Ext.  Popliteal  N. 

Outer  Head  of  Gastrocnemius  M. 
Popliteal  Art. 
Popliteal  V. 
Internal  Popliteal  N. 


FIG.  164.— Transverse  section  through  the  knee-joint  on  the  right  side.  The  general  arrange- 
ment of  the  parts  around  the  joint  deserves  to  be  studied.  The  condyles  of  the  femur  have 
been  removed,  and  a  good  view  has  been  obtained  of  the  semilunar  cartilages  and  of  the 
two  crucial  ligaments.  Note  particularly  how  these,  in  conjunction  with  the  ligamentum 
mucosum  which  extends  backwards  from  the  front,  form  an  almost  complete  intra-articular 
septum  dividing  the  cavity  into  two  parts,  one  for  each  condyle.  Note  also  the  relationship 
of  the  popliteal  artery  to  the  back  of  the  joint,  viz.,  that  it  is  not  in  immediate  contact  with 
the  capsule,  but  separated  from  it  by  some  fatty  tissue.  This  fig.  has  been  drawn  from  one 
of  a  series  of  frozen  sections  in  the  Anatomical  Department  of  Trinity  College. 

between  the  lateral  margins  of  the  patella  and  the  tuberosities  of  the  femoral  condyles,  those  on 
the  inner  side  again  being  the  stronger.  These  fibres  have  been  termed  the  retinacula  of  the 
patella,  or  the  lateral  patellar  ligaments.  The  tendons  of  the  sartorius  and  semimembranosus 
muscles  augment  the  capsule  also  on  its  inner  aspect. 

The  Internal  Lateral  Ligament  has  the  appearance  of  a  flattened  band  which  is  some- 
what wider  at  its  centre  than  at  either  extremity.  It  is  attached  above  to  the  tuberosity  of  the 
internal  condyle  of  the  femur,  below  to  the  upper  part  of  the  inner  border  of  the  shaft  of  the 
tibia,  and  between  the  bones  it  is  connected  with  the  inner  border  of  the  internal  semilunar 
cartilage.  The  tendon  of  the  semimembranosus  muscle  extends  beneath  the  lower  part  of  its 
posterior  border,  and  at  a  still  lower  level  the  inferior  internal  articular  vessels  pass  forwards 
between  it  and  the  bone.  It  is  crossed  superficially  by  the  tendons  of  the  sartorius,  gracilis,  and 
semitendinosus  muscles,  a  bursa  intervening. 

The  External  Lateral  Ligament  is  overlaid  by  an  expansion  of  the  fascia  lata  which  is 
prolonged  backwards  from  the  ilio-tibial  band.  It  is  round  and  cord-like  and  is  surrounded  by 
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the  tendon  of  the  biceps  muscle,  or  rather  the  tendon  splits  to  enclose  the  ligament.  It  is 
attached  above  to  the  tuberosity  of  the  outer  condyle  of  the  femur,  and  as  it  descends  it  inclines 
slightly  backwards  to  the  head  of  the  fibula,  its  point  of  attachment  being  just  in  front  of  the 
styloid  process.  By  its  inner  aspect  this  ligament  is  related  to  the  tendon  of  the  popliteus  muscle 
and  the  inferior  external  articular  vessels. 

Internal  Ligaments. — The  Anterior  or  External  Crucial  Ligament  is  attached  below 
to  the  inner  part  of  a  shallow  depression  in  front  of  the  spine  of  the  tibia,  and  is  directed 
upwards,  backwards,  and  outwards  to  its  femoral  attachment,  viz.,  the  posterior  part  of  the 
inner  or  non-articular  aspect  of  the  external  condyle. 

The  Posterior  or  Internal  Crucial  Ligament  extends  from  the  bottom  of  the  popliteal 
depression  and  the  posterior  part  of  the  intermediate  rough  area  on  the  head  of  the  tibia,  where 
it  is  closely  connected  with  the  posterior  ligament  and  reinforced  by  an  accession  of  fibres  from 
the  external  semilunar  cartilage,  upwards,  forwards,  and  inwards  to  a  shallow  crescentic 
depression  at  the  lower  and  outer  part  of  the  internal  condyle  of  the  femur  immediately  adjoining 
the  anterior  part  of  the  intercondyloid  notch.  An  instructive  view  of  both  crucial  ligaments  is 
presented  in  fig.  164. 

The  Semilunar  Fibro-Cartilages  are  two  crescentic  menisci  which  form  a  circumfer- 
ential investment  for  the  head  of  the  tibia,  being  interposed  in  wedge- like  manner  between  the 
tibial  plateau  and  the  condyles  of  the  femur.  Each  cartilage  is  attached  by  its  thick  outer  border 
to  the  deep  aspect  of  the  capsule  of  the  joint,  and  is  connected  in  addition  to  the  peripheral 
margins  of  the  tibial  tuberosities  by  short  fibrous  bands  which  are  known  as  the  coronary 
ligaments.  The  thin  inner  margins  of  the  fibro-cartilages  are  directed  towards  the  joint-cavity  ; 
their  upper  surfaces  are  slightly  concave,  their  lower  comparatively  flat,  and  both  are  invested 
by  the  synovial  membrane  of  the  joint. 

The  External  Semilunar  Fibro- Cartilage  is  very  nearly  circular  in  outline  (fig.  164),  and  its 
two  extremities,  which  come  into  very  close  relationship,  are  attached,  the  anterior  to  the  front  of 
the  tibial  spine,  the  posterior  to  the  interval  between  the  tubercles  of  the  spine.  This  fibro- 
cartilage  is  related  by  its  outer  and  posterior  aspect  to  the  tendon  of  the  popliteus  muscle,  a  bursa 
intervening. 

The  Internal  Semilunar  Fibro- Cartilage  forms  very  nearly  half  a  circle.  Its  anterior 
extremity  is  attached  to  a  depression  in  front  of  the  spine  of  the  tibia  ;  its  posterior  extremity  is 
attached  to  the  inner  part  of  a  depression  behind  the  spine,  immediately  in  front  of  the  posterior 
crucial  ligament. 

Both  semilunar  cartilages  are  connected  in  front  by  a  band  of  ligamentous  fibres  known  as 
the  transverse  ligament. 

The  Synovial  Membrane  of  the  Knee-joint  is  the  most  extensive  of  its  kind  in  the  body. 
It  lines  the  deep  aspect  of  the  ligamentous  structures  surrounding  the  joint  and  the  infrapatellar 
pad  of  fat.  In  addition  to  an  extensive  but  incomplete  investment  which  it  furnishes  to  the 
crucial  ligaments,  it  covers  the  upper  and  lower  surfaces  of  the  semilunar  fibro-cartilages,  and  a 
pouch  of  considerable  size  extends  upwards  beneath  the  quadriceps  for  about  an  inch  or  more 
above  the  upper  border  of  the  patella  and  communicates,  as  a  rule,  with  a  bursa  between  the 
•quadriceps  muscle  and  the  shaft  of  the  femur.  On  each  side  it  forms  a  cul-de-sac  in  relation  to 
the  superficial  aspect  of  the  condyle,  covering  this  surface  of  the  bone  for  about  a  third  of  its 
antero-posterior  depth.  The  tendon  of  the  popliteus  muscle  is  in  contact  with  the  membrane  in 
the  intra-articular  part  of  its  course,  and  it  is  through  the  medium  of  the  bursa  between  this 
tendon  and  the  posterior  aspect  of  the  head  of  the  tibia  that  the  synovial  cavity  of  the  knee  is 
not  infrequently  brought  into  communication  with  the  superior  tibio-fibular  articulation.  A 
-communication  sometimes  exists  also  between  the  joint  and  the  bursa  beneath  the  inner  head 
of  the  gastrocnemius. 

A  well  marked  fold  of  the  synovial  membrane  is  prolonged  backwards  opposite  the  lower 
border  of  the  patella  to  the  anterior  part  of  the  intercondyloid  notch,  and  surrounds  a  conical 
mass  of  fatty  tissue  derived  from  the  infrapatellar  pad  (fig.  164) ;  it  is  known  as  the  liga- 
mentum  mucosum.  From  its  lateral  margins  two  slender  folds  are  prolonged  upwards  towards 
the  lateral  margins  of  the  patella,  constituting  what  have  been  termed  the  ligamenta 
alaria ;  they  can  in  no  way,  however,  be  regarded  as  ligaments  in  the  ordinary  sense  of  the 
term. 

The  ligamentum  mucosum  just  described,  together  with  the  two  crucial  ligaments  and  their 
synovial  investment,  occupy  the  intercondyloid  notch,  and  collectively  subdivide  the  femoro- 
tibial  articulation  into  two  parts,  viz. ,  a  right  and  a  left  condylarthrosis,  fig.  164.  At  the  posterior 
part  of  each  of  these  articulations  the  synovial  membrane  forms  a  well  defined  pouch  between 
the  condyle  of  the  femur  and  the  gastrocnemius  muscle. 

Blood-vessels  and  Nerves. — The  synovial  membrane  of  the  joint  has  an  extremely  rich 
tlood  supply  which  is  derived  from  the  periarticular  networks  already  described.  The  nerve 
supply  also  is  abundant.  Three  articular  filaments  proceed  from  each  popliteal  nerve  and  associate 
themselves  with  the  articular  arteries.  A  small  branch  of  the  obturator  nerve  (gentculate  branch) 
reaches  the  joint  posteriorly  in  company  with  the  azygos  articular  artery,  and  in  front  the 
anterior  crural  nerve  sends  its  contribution  through  the  nerves  which  supply  the  vastus  internus 
and  the  vastus  extemus. 
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Movements  at  the  Knee-joint. — The  knee-joint  is  peculiar  in 
affording  an  example  of  an  articulation  which  combines  two  highly 
important  qualities  which  are  but  seldom  found  associated,  viz.,  stability 
and  marked  freedom  of  mobility.  From  a  mere  casual  examina- 
tion, however,  of  the  joint  one  might  possibly  be  led  to  the  belief 
that  its  security  was  not  very  great,  seeing  how  imperfectly  adapted 
the  articular  surfaces  of  the  bones  are  to  each  other,  and  when,  in 
addition  to  this  fact,  one  considers  the  powerful  leverage  which  may  be 
brought  to  bear  upon  the  joint,  situated  as  it  is  between  two  of  the 
longest  and  strongest  bones  in  the  body.  As  a  matter  of  fact  this 
apparent  source  of  weakness  is  more  than  counterbalanced  by  the 
powerful  ligaments  which  maintain  the  bones  in  contact  and  the  strong 
muscles  by  which  they  are  surrounded,  especially  the  biceps,  semi- 
membranosus,  quadriceps,  gastrocnemius,  and  popliteus.  In  proof  of 
these  statements  it  is  only  necessary  to  mention  that  traumatic  dis- 
location of  the  head  of  the  tibia  is  an  extremely  rare  accident,  and 
requires  for  its  production  violence  of  an  extreme  kind. 

Femoro-tibial  Joint. — The  principal  movements  which  take  place  at 
the  femoro-tibial  joint  are  those  of  flexion  and  extension;  the  mechanism, 
however,  by  which  they  are  effected  differs  from  that  of  a  true  hinge  joint, 
seeing  that  the  changes  of  attitude  which  it  undergoes  are  accompanied 
by  a  slight  gliding  movement  of  the  head  of  the  tibia  backwards  and 
forwards  upon  the  condyles  of  the  femur,  and  by  a  certain  degree  of 
rotation  or  screw  movement  of  the  tibia  around  a  vertical  axis.  In  con- 
sequence of  this  gliding  movement  between  the  two  bones  the  socket 
formed  by  the  articular  surface  of  the  tibia  and  the  semilunar  fibro- 
cartilages  revolves  not  upon  a  fixed  transverse  axis  passing  through  the 
lower  end  of  the  femur,  but  upon  axes  which  vary  with  the  particular 
attitude  of  the  knee.  The  rotatory  movement  of  the  tibia  is  accounted 
for  probably  by  the  extensive  articular  surface  of  the  internal  condyle, 
and  the  outwardly  directed  curve  which  it  presents  at  its  anterior  part. 
The  gliding  movement  backwards  and  forwards  of  the  tibia  upon  the 
femur  appears  to  depend  upon  the  curvature  of  the  lower  articular 
surfaces  of  the  condyles  not  being  uniform.  The  articular  surface  for 
the  tibia  on  each  condyle  consists  of  segments  of  two  circles,  the  radius 
of  the  larger  anterior  segment  being  approximately  double  that  of  the 
shorter  and  more  abruptly  curved  posterior  segment ;  the  femoral  attach- 
ments of  the  lateral  ligaments  also  coincide  with  the  centres  of  the 
smaller  posterior  curves. 

In  the  erect  attitude,  i.e.  with  both  legs  extended  at  the  knee-joints, 
the  line  of  gravity  descends  in  front  of  the  transverse  axes  of  both  joints, 
and  consequently  the  weight  of  the  body  tends  to  cause  an  excessive 
degree  of  extension,  i.e.  forward  bending  at  the  joint,  but  this  movement 
comes  to  a  standstill  when  the  leg  forms  a  straight  line  with  the  thigh, 
further  extension  being  opposed  by  the  tension  of  the  anterior  crucial, 
the  lateral,  and  posterior  ligaments,  to  which  may  be  added  also  the 
hamstring  muscles.  In  this  position  the  joint  is  locked  and  no  rotatory 
movement  of  the  tibia  upon  the  femur  is  possible. 

In  passing  from  the  fully  extended  to  the  flexed  position,  the  slight 
outward  rotation  of  the  tibia  which  accompanies  extension  disappears 
before  the  angle  of  flexion  reaches  45  degrees.  In  full  flexion  the  lateral 
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and  posterior  ligaments  are  relaxed  and  a  slight  amount  of  rotation  of 
the  tibia  upon  the  femur  is  possible.  Excessive  rotatory  movement  in 
an  inward  direction  is  checked  by  the  crucial  ligaments :  rotation 
outwards  is  checked  mainly  by  the  lateral  ligaments. 

Patella-femoral  Joint. — With  regard  to  the  movements  of  the  patella 
it  will  be  observed  that  the  articular  surface  of  the  bone  glides  over  the 
trochlea  of  the  femur,  that  complete  coaptation  between  the  two  does 
not  take  place,  but  that  as  the  knee  passes  from  the  extended  to  the 
flexed  position  the  faceted  areas  of  the  patella  successively  make  and 
break  contact  with  the  trochlear  surface.  In  full  extension  the  patella 
occupies  a  high  position,  its  lower  articular  facets  only  resting  in  contact 
with  the  trochlea.  As  flexion  proceeds  the  middle  facets  of  the  patella 
come  into  contact  with  the  lower  part  of  the  trochlea,  and  when  the 
movement  is  carried  still  further  the  upper  patellar  facets  are  applied 
against  that  portion  of  the  trochlea  which  adjoins  the  intercondyloid 
notch,  while  in  complete  flexion  the  articular  surface  of  the  patella  is 
for  the  most  part  opposed  to  the  intercondyloid  notch,  its  internal 
vertical  facet  resting  in  contact  with  a  crescentic  articular  surface  upon 
that  aspect  of  the  internal  condyle  which  adjoins  the  anterior  part  of 
the  intercondyloid  notch.  The  patella  fits  like  a  wedge  against  the 
trochlea  of  the  femur,  and  except  in  the  extended  position  of  the  knee 
its  lateral  movements  are  very  slight. 

Disease  of  the  Knee-joint. — The  superficial  position  of  the  knee- 
joint  and  its  frequent  exposure  to  traumatic  influences  render  it  very 
prone  to  certain  forms  of  articular  disease.  In  by  far  the  greater 
number  of  cases  the  pathological  process  consists  ojf  an  inflammation  of 
the  synovial  membrane  (synovitis}  with  an  effusion  into  the  joint-cavity, 
the  bulk  of  the  fluid  accumulating  in  the  lateral  synovial  recesses 
at  the  sides  of  the  patella  and  in  the  pouch  beneath  the  quadriceps 
muscle.  The  knee  appears  much  enlarged,  and  the  swelling  presents  a 
characteristic  horseshoe  outline  surrounding  the  patella  ;  the  latter  con- 
sequently is  much  less  distinct  than  usual,  it  no  longer  rests  in  contact 
with  the  trochlea  of  the  femur,  but  is  separated  from  it  by  a  stratum  of 
fluid  of  variable  depth  ;  it  is  possible,  however,  by  pushing  the  patella 
backwards  suddenly  with  the  finger,  to  note  its  impact  against  the 
femur  (floating patella).  Excessive  and  long  continued  distension  of  the 
synovial  cavity  in  cases  of  chronic  synovitis  (hydrops  articuli)  may  cause 
elongation  and  relaxation  of  the  ligaments  and  a  varying  degree  of 
lateral  mobility  between  the  femur  and  the  tibia. 

When  the  effusion  within  the  joint  is  of  a  purulent  character  it  should 
be  promptly  evacuated  by  free  incisions  directed  vertically  at  the  sides 
of  the  distended  cavity,  between  the  lateral  margins  of  the  patella  and 
the  tuberosities  of  the  femoral  condyles.  An  effective  method  of  securing 
good  drainage  is  to  pass  a  tube  across  from  one  side  of  the  joint  to  the 
other  at  the  level  of  the  upper  border  of  the  patella. 

Attitude  of  the  Knee  in  Disease. — The  position  of  greatest  ease 
in  inflammatory  affections  of  the  knee-joint  is  that  of  moderate  flexion, 
viz.,  at  an  angle  of  about  25  degrees.  This  attitude  is  accompanied 
by  the  most  complete  relaxation  of  the  ligaments,  and  is  most  effective 
in  diminishing  the  tension  caused  by  the  effusion  ;  the  joint-cavity, 
in  other  words,  appears  to  be  capable  of  containing  most  fluid  in  this 
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position.  In  inflammation  of  the  joint,  too,  the  surrounding  muscles 
enter  into  a  state  of  reflex  contraction,  they  maintain  the  articular 
surfaces  of  the  tibia  and  femur  in  contact  and  keep  the  joint  at  rest. 
This  affords  another  striking  example  of  the  close  connection  which 
exists  between  the  nerves  supplying  a  joint  and  those  which  innervate 
the  muscles  which  control  the  movements  of  the  joint,  for  the  anterior 
crural  nerve  which  supplies  the  quadriceps  and  the  great  sciatic  which 
supplies  the  hamstrings  are  the  principal  sources  from  which  the 
articular  nerves  are  derived.  The  painful  startings  of  the  limb  which 
are  such  a  source  of  suffering  to  the  patient  are  due  to  the  relaxation  of 
these  sentinel  muscles  which  takes  place  during  sleep  and  allows  the 
inflamed  articular  surfaces  to  rub  against  each  other. 

In  some  forms  of  knee  disease  the  flexed  attitude  may  be  maintained 
for  such  a  long  time  'that  it  becomes  permanent,  and  it  is  an  almost 
invariable  accompaniment  of  the  pathological  condition  known  as  fibrous 
ankylosis  of  the  joint.  Although  the  term  '  ankylosis '  in  a  literal  sense 
signifies  a  bent  attitude,  yet,  as  usually  applied,  it  conveys  to  one's 
mind  the  idea  of  fixity  of  the  joint,  the  articular  movements  being 
either  completely  abolished  or  very  much  below  their  normal  range. 
The  posterior  ligament,  the  lateral  and  crucial  ligaments,  including  the 
fibrous  and  fatty  tissue  in  front  of  the  posterior  ligament,  become 
contracted  and  offer  an  insurmountable  obstacle  to  extension  or 
straightening  of  the  knee.  The  hamstring  muscles  also  are  found  in  a 
state  of  permanent  contraction,  and  not  only  are  these  instrumental  in 
flexing  the  knee  but  they  also  draw  the  head  of  the  tibia  backwards, 
and  cause  the  lower  extremity  of  the  femur  and  the  patella  to  project 
prominently  in  front.  The  leg,  too,  very  commonly  presents  a  slight 
degree  of  rotation  outwards,  which  is  due  probably  to  the  action  of  the 
biceps  muscle  which  is  inserted  into  the  head  of  the  fibula.  Occasionally 
the  articular  extremities  of  the  femur  and  tibia,  in  addition  to  undergoing 
the  displacement  just  described,  having  become  denuded  of  their  car- 
tilaginous covering,  fuse  with  each  other  ;  the  joint  is  then  said  to  be  in 
a  condition  of  true  or  osseous  ankylosis. 

Tubercular  Disease  of  the  Knee  is  a  pathological  affection  which 
comes  under  observation  with  very  great  frequency,  and  may  eventually 
lead  to  complete  disorganisation  of  the  joint.  In  a  typical  case  the 
synovial  membrane  is  the  seat  of  extensive  granulation-tissue  growth. 
The  soft  newly  formed  tissue  fills  up  all  the  available  space  in  the  joint 
and  gives  it  a  swollen  appearance,  closely  resembling  that  which  is  so 
familiar  in  cases  of  effusion — in  fact  these  two  pathological  states  are 
very  apt  to  be  confused.  The  articular  cartilages  of  the  tibia,  femur,  and 
patella  are  destroyed,  and  the  subjacent  cancellous  tissue  of  these  bones 
is  the  seat  of  fungating  caries.  The  ligaments,  both  intra-  and  extra- 
articular,  are  infiltrated  and  softened,  and  the  joint  acquires  an 
abnormal  lateral  mobility.  Owing  to  its  inadequate  blood  supply  the 
newly  formed  granulation  tissue  within  the  joint  undergoes  degeneration 
(caseation  ;  coagulation  necrosis),  leading  to  the  formation  of  one  or  more 
chronic  abscesses  which  forthwith  proceed  to  make  their  way  to  the 
surface,  their  ultimate  evacuation,  spontaneous  or  otherwise,  being 
succeeded  by  persisting  sinuses.  While  these  changes  are  taking  place 
the  muscles  of  the  thigh  and  leg  undergo  marked  wasting  and  the  joint 
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assumes  a  spindle-shaped  outline.  The  knee  also,  unless  suitable 
precautions  have  been  taken,  will  be  found  more  or  less  flexed,  the  tibia 
partially  luxated  backwards  and  rotated  outwards.  The  action  of  the 
hamstring  muscles  in  drawing  the  tibia  backwards  is  facilitated  in  no- 
small  degree  by  the  softened  condition  of  the  ligaments. 

Operative  Surgery  of  the  Knee — Arthrectomy. — Access  to  the 
knee-joint  is  easily  obtained  owing  to  the  thin  stratum  of  tissue  by 
which  it  is  invested  upon  its  anterior  and  lateral  aspects.  Of  the 
different  forms  of  incision  which  have  been  employed  for  this  pur- 
pose, that  appears  to  meet  with  greatest  approval  which  extends  in 
a  curved  direction  across  the  front  of  the  knee,  from  the  posterior 
extremity  of  one  condyle  to  a  corresponding  point  on  the  opposite  side, 
and  reaches  down  at  its  lower  convex  extremity  to  the  tubercle  of  the 
tibia.  In  dividing  the  superficial  tissues  care  should  be  taken  to  avoid 
the  internal  or  long  saphenous  vein  and  nerve  which  lie  just  behind  the 
tuberosity  of  the  internal  condyle.  The  ligamentum  patellae  is  either 
divided  transversely,  or  the  tubercle  of  the  tibia  into  which  it  is  inserted 
is  detached  with  the  aid  of  a  chisel.  The  latter  procedure  is  probably 
the  better  in  that  it  is  less  likely  to  interfere  with  the  power  of  the 
quadriceps  as  an  extensor  of  the  leg.  On  each  side  the  incision  is 
deepened  through  the  fascia  lata,  the  tendinous  expansions  of  the  vasti, 
and  the  capsule.  The  infrapatellar  pad  of  fat  and  the  two  lower  anasto- 
motic  arches  formed  by  the  articular  arteries  will  also  of  necessity  be 
divided.  Finally,  the  incision  is  carried  through  the  subsynovial  tissue 
and  the  synovia!  membrane,  and  the  joint-cavity  is  freely  opened  from 
the  front. 

Another  procedure  for  obtaining  access  to  the  joint  is  by  means  of 
an  H-shaped  incision.  The  vertical  limbs  pass  about  one  inch  behind 
the  lateral  margins  of  the  patella  and  extend  from  the  summit  of  the 
suprapatellar  pouch  to  the  level  of  the  tubercle  of  the  tibia.  The  trans- 
verse portion  of  the  incision  passes  through  the  centre  of  the  patella 
(Cheyne). 

Kocher  is  strongly  in  favour  of  an  incision  directed  somewhat 
obliquely  upon  the  outer  aspect  of  the  joint,  and  made  to  curve  inwards 
at  its  lower  extremity  so  as  to  cross  the  tibial  crest  immediately 
below  the  tubercle.  The  commencement  of  the  incision  overlies  the 
vastus  externus  muscle,  about  three  inches  above  the  level  of  the  upper 
border  of  the  patella,  and  as  it  descends  it  passes  about  one  inch 
behind  the  lateral  border  of  this  bone.  In  addition  to  the  superficial 
tissues,  the  structures  divided  in  this  incision  include  the  ilio-tibial  band 
of  the  fascia  lata,  the  lower  fleshy  fibres  of  the  vastus  externus,  the 
tendinous  aponeurosis  of  this  muscle,  the  capsule,  the  synovial  membrane,, 
and  the  lateral  portion  of  the  infrapatellar  fatty  tissue  beside  the  patellar 
ligament.  The  tubercle  of  the  tibia  is  chiselled  off,  the  patella  and  its 
ligament  are  displaced  inwards,  and  the  articulation  fully  exposed. 

In  arthrectomy  the  aim  of  the  operation  is  to  remove  the  diseased 
synovial  membrane  as  thoroughly  as  possible  together  with  whatever 
ligamentous  structures  are  implicated.  The  most  extensive  area  of 
disease  is  situated  usually  beneath  the  quadriceps  muscle,  viz.,  within  the 
suprapatellar  pouch.  This  latter  may  reach  for  a  couple  of  inches  above 
the  patella,  and  it  is  continuous  laterally  with  the  recesses  which  overlie 
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the  superficial  aspects  of  the  femoral  condyles.  In  dealing  with  this 
greatly  enlarged  synovial  pouch  the  outer  surface  of  the  membrane  is 
first  carefully  exposed  by  reflecting  the  overlying  tissues  ;  it  is  then 
carefully  detached  from  the  overlying  muscle,  and,  commencing  at  its 
upper  border,  it  is  separated  en  masse  from  the  front  of  the  femur,  this 
part  of  the  procedure  being  much  facilitated  by  the  presence  of  some 
soft  fatty  tissue  between  the  synovial  membrane  and  the  bone.  At  the 
lower  part  of  the  articulation  an  incision  is  carried  through  the  coronary 
ligaments  which  connect  the  semilunar  cartilages  to  the  head  of  the 
tibia,  and  these  are  completely  detached  together  with  the  lower  part  of 
the  diseased  synovial  mass ;  the  infrapatellar  pad  is  also  dissected  away 
from  behind  the  patellar  ligament.  So  far,  only  that  part  of  the  synovial 
membrane  which  belongs  to  the  anterior  part  of  the  joint  has  been  dealt 
with  ;  those  portions  still  remain  to  be  eradicated  which  invest  the 
crucial  ligaments  and  occupy  the  pouches  which  are  situated  far  back 
between  the  femoral  condyles  and  the  heads  of  the  gastrocnemius  ;  these 
latter  indeed  are  very  apt  to  escape  notice  unless  their  existence  be 
carefully  borne  in  mind.  This  part  of  the  procedure  necessitates  the 
division  of  the  crucial  ligaments  and  the  opening  up  of  the  joint  in  its 
entire  extent.  The  lateral  ligaments  also  require  division,  or  if  the 
alternative  be  preferred,  the  tuberosity  of  each  condyle  may  be  chiselled 
off,  the  detached  fragment  of  bone  carrying  with  it  the  attachment  of 
the  lateral  ligament.  In  dissecting  away  the  diseased  synovial  mem- 
brane at  the  back  of  the  joint  the  close  proximity  of  the  popliteal 
artery  renders  caution  necessary,  the  point  at  which  the  membrane 
comes  most  intimately  into  relationship  with  the  vessel  being  opposite 
the  posterior  part  of  the  tibial  plateau.  In  a  complete  arthrectomy, 
therefore,  the  parts  removed  include  the  synovial  membrane,  the 
semilunar  fibro-cartilages,  and,  as  a  rule,  the  crucial  ligaments.  It  is 
well  also  to  pare  away  the  peripheral  margins  of  the  articular  cartilages 
as  they  are  very  likely  to  be  in  a  diseased  state  owing  to  their  intimate 
connection  with  the  synovial  membrane.  Limited  foci  of  disease  in  the 
underlying  bone  may  also  require  to  be  gouged  away. 

The  condition  of  the  knee-joint  as  regards  function  after  a  complete 
arthrectomy  is  by  no  means  satisfactory.  The  crucial  ligaments  are 
gone,  the  lateral  ligaments  if  divided  remain  in  an  insecure  state,  and 
even  though  their  integrity  be  preserved  in  the  manner  just  described, 
viz.,  by  detaching  those  portions  of  the  femoral  condyles  to  which  they 
are  attached  and  replacing  these  in  a  favourable  position  for  subsequent 
union,  the  joint  nevertheless  does  not  regain  an  adequate  degree  of 
stability,  and  this  is  all  the  more  likely  to  occur  if  the  patellar  ligament 
has  been  divided  in  the  preliminary  incision.  What  commonly  happens 
is  that  the  knee  bends,  and  the  degree  of  bending  tends  to  increase,  until 
eventually,  if  nothing  worse  happens,  the  knee  becomes  ankylosed  in 
this  deformed  position. 

Excision  of  the  Knee-joint. — Presuming  that  this  operation  is 
performed,  as  most  frequently  happens,  in  the  case  of  a  knee  affected  by 
tubercular  disease,  its  steps  very  closely  resemble  those  of  arthrectomy 
just  described,  the  principal  difference  being  that  in  excision  the  artic- 
ular extremities  of  the  femur  and  tibia  and  the  patella  usually  also  are 
removed,  the  ultimate  result  being  a  perfectly  rigid  joint.  In  young 
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children  and  those  in  whom  the  growth  of  the  skeleton  is  not  yet 
complete  it  is  obviously  undesirable  to  perform  an  extensive  resection  of 
these  bones  as  it  would  certainly  lead  to  a  shortened  and  poorly 
developed  limb.  It  is  of  the  utmost  importance,  therefore,  that  the  lines 
of  bone  section  in  such  cases  should  be  placed  upon  the  articular  side  of 
the  epiphyseal  cartilages  (fig.  163).  It  has  been  stated,  however,  that  a 
section  passing  close  to  the  epiphyseal  cartilage,  even  though  the  latter 
be  in  no  way  damaged,  may  be  succeeded  by  premature  consolidation 
between  the  diaphysis  and  the  small  remaining  portion  of  the  epiphysis, 
with  cessation  of  the  longitudinal  growth  of  the  bone.  In  children,  the 
safest  course  to  adopt  is  merely  to  shave  off  the  articular  cartilages 
and  remove  the  diseased  portions  of  the  bone  by  means  of  the  gouge, 
leaving  as  much  of  the  epiphyses  as  possible. 

In  adults  the  line  of  bone  section  through  the  femur  had  best  be 
made  just  below  the  upper  limit  of  its  trochlear  surface  and  at  right 
angles  to  the  long  axis  of  the  limb.  The  tibial  section  is  parallel  to  the 
upper  articular  surface  of  the  bone,  and  the  segment  removed  will  vary 
on  an  average  from  a  quarter  to  half  an  inch  in  depth. 

Genu  Valgum,  or  Knock-Knee. — This  is  a  tolerably  common 
deformity  which  is  characterised  by  an  exaggeration  of  the  angle  at 
which  the  femur  is  inclined  inwards  to  the  tibia  at  the  knee-joint.  In 
a  typical  case  the  tuberosity  of  the  internal  condyle  represents  the 
apex  of  a  triangle,  the  base  of  which  corresponds  to  an  imaginary  line 
connecting  the  outer  surface  of  the  great  trochanter  with  the  external 
malleolus  at  the  ankle.  The  superincumbent  weight  in  these  cases  is 
not  transferred  through  the  centre  of  the  knee^  the  tibial  shaft,  and 
the  centre  of  the  ankle-joint  to  the  foot ;  the  line  of  gravity,  as  a 
matter  of  fact,  descends  considerably  outside  the  centre  of  the  knee-joint, 
a  great  strain  consequently  is  thrown  upon  the  internal  lateral  ligament 
and  progression  is  much  impeded,  especially  if,  as  very  commonly  happens, 
both  knees  are  affected.  The  deformity  may  declare  itself  in  childhood 
in  conjunction  with  other  skeletal  deformities,  showing  that  it  is 
essentially  a  rickety  phenomenon,  or  it  may  not  be  noted  until  a  later 
period,  viz.,  between  the  fifteenth  and  the  eighteenth  year  (genu  valgum 
adolescentiuni).  In  addition  to  the  outward  deflection  of  the  leg  the 
foot  also  is  everted,  sometimes  to  a  very  marked  extent,  constituting 
what  is  known  as  talipes  valgus  or  splay-foot. 

According  to  Miculicz,  the  essential  factor  which  determines  the 
deformity  of  knock-knee  is  an  abnormal  degree  of  downward  growth  of 
the  inner  extremity  of  the  diaphysis  and  consequent  elongation  of  the 
femur  on  its  inner  side. 

The  dissection  represented  in  fig.  165  and  the  accompanying  section  through  the  femur  and 
tibia  at  the  knee-joint  illustrate  very  clearly  some  of  the  more  important  points  of  anatomical 
interest  in  connection  with  this  deformity.  Both  figures  have  been  reproduced  by  the  kind 
permission  of  Professor  Symington,  to  whose  instructive  paper  {Trans.  Roy,  Acad.  of  Med. 
Ireland,  vol.  xiv.  p.  408)  the  author  is  indebted  for  the  following  facts.  In  the  dissection  of  the 
posterior  aspect  of  the  right  knee,  here  represented,  certain  marked  alterations  in  the  relationships 
of  parts  will  be  noted.  The  sartorius  and  gracilis  muscles  are  very  much  displaced,  they  descend 
behind  instead  of  upon  the  inner  side  of  the  knee.  The  semimembranosus  and  semitendinosus 
muscles  are  also  displaced  outwards.  The  tendon  of  the  adductor  magnus  is  more  prominent  and 
more  superficial  than  is  normally  the  case,  the  biceps  also  is  probably  more  prominent  than  usual. 
The  popliteus  muscle  and  the  tibial  origin  of  the  soleus  are  to  a  large  extent  uncovered  by  the 
gastrocnemius,  this  being  partly  due,  no  doubt,  to  the  faulty  development  of  the  latter  muscle,  and 
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partly  to  the  inward  projection  of  the  internal  tuberosities  of  the  femur  and  tibia.  The  popliteal 
artery  presents  very  marked  alterations  in  its  relationships  ;  it  crosses  the  popliteal  surface  of  the 
femur  much  nearer  its  outer  than  its  inner  border,  and  passes  over  the  back  of  the  external  condyle 
close  to  its  outer  edge,  it  then  descends  behind  the  outer  tuberosity  of  the  tibia  and  the  superior 
tibio-fibular  articulation.  The  vessel  is  separated  by  a  much  greater  distance  than  usual  from  the 
femur,  being  borne  away  from  it  by  the  projecting  external  condyle.  The  deep  branch  of  the 
anastomotic  artery  passes  down  as  usual  just  in  front  of  the  tendon  of  the  adductor  magnus,  and 
both  the  internal  and  external  popliteal  nerves  are  displaced  outwards  to  a  remarkable  extent. 


Semimembranosus  M.  ///if// 


Gracilis  M. 


,  Semitendinosus  M. 
,  Biceps  M. 


Sartorius  M. 


Vastus  Internus  M. 


Anastomotica  Magna  Art. 


Superior  Internal  Articular 
Art. 

Tendon  of  Adductor 

Magnus  M.    v 


Inner  Condyle  of  Femur.    * 


-  -  •-_,.  Heads  of  Gastrocnemius  M. 


Popliteus  M. 


FIG.  165. — A,  dissection  of  the  popliteal  space  in  a  case  of  genu  valgum.     B,  the  articular 
extremities  of  the  femur  and  tibia  in  vertical  transverse  section  (Symington). 

When  the  femur  represented  in  section  in  fig.  165,  B  was  held  vertically,  the  internal 
condyle  lay  on  a  plane  one  inch  lower  than  that  of  the  external ;  a  glance  at  the  figure,  however, 
will  show  that  this  is  not  due,  as  has  frequently  been  asserted  in  descriptions  of  this  deformity,  to 
any  undue  enlargement  of  the  internal  condyle,  but  rather  to  an  increased  growth  of  the  inner 
part  of  the  lower  end  of  the  femoral  diaphysis,  this  fact  being  very  evident  in  the  present 
specimen  in  which  the  epiphyseal  cartilage  has  not  yet  undergone  complete  ossification.  This 
specimen  accordingly  serves  to  confirm  the  view  first  put  forward  by  Miculicz  that  it  is  an  excessive 
growth  of  the  diaphysis,  and  not  of  the  epiphysis,  that  determines  the  deformity.  The  tibia  in  this 
specimen  presents  a  marked  degree  of  curvature,  which  contributes  very  largely  in  producing  the 
inward  deviation  of  the  limb  ;  it  is  evident  too  that  the  curve  is  caused  by  an  excessive  growth 
at  the  inner  side  of  the  upper  extremity  of  the  tibial  diaphysis. 

The  section  also  shows  that  the  spaces  in  the  cancellous  tissue  of  the  articular  extremities  of 
both  the  femur  and  the  tibia  are  enlarged.  The  epiphyseal  cartilage  of  the  lower  extremity  of 
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the  femur  likewise  presents  appearances  which  are  characteristic  of  rickets,  i.e.  it  is  considerably- 
thickened  in  some  places,  and  sends  a  number  of  irregular  projections  towards  the  diaphysis. 
Small  islands  of  unossified  cartilage  also  appear  embedded  in  the  bone  both  above  and  below 
the  epiphyseal  line.  Rachitic  changes  are  but  very  slightly  marked  in  the  epiphyseal  cartilage  of 
the  tibia. 

Osteotomy  for  Genu  Valgnm. — Operative  measures  are  usually 
indicated  in  cases  of  genu  valgum  of  a  pronounced  type.  The  pro- 
cedure most  in  favour  at  the  present  day  is  Macewen's  supracondyloid 
osteotomy,  which  is  performed  as  follows.  A  vertical  incision  about  one 
or  one  and  a  half  inches  in  length  is  made  upon  the  inner  aspect  of 
the  thigh,  a  finger's-breadth  above  the  highest  part  of  the  femoral 
trochlea,  and  the  same  distance  in  front  of  the  tendon  of  the  adductor 
magnus  muscle,  the  structures  divided  being  the  integument,  the  super- 
ficial fascia,  the  fascia  lata,  and  the  vastus  internus  muscle.  No  vessel 
of  importance  is  endangered  in  this  incision  ;  the  one  most  likely  to  come 
within  striking  distance  is  the  anastomotica  magna  branch  of  the  femoral 
artery,  but  as  a  rule  it  lies  more  posteriorly.  An  osteotome  is  intro- 
duced with  its  cutting  edge  vertical,  and  on  reaching  the  bone  it  is  turned 
round  so  as  to  occupy  a  direction  not  quite  transverse  but  somewhat 
oblique,  as  it  is  desirable  that  the  plane  of  the  bone  section  should  run 
parallel  to  that  of  the  epiphyseal  cartilage  which  inclines  from  within 
outwards  and  upwards,  otherwise  the  latter  might  very  possibly  be 
damaged.  The  femur  is  now  divided  for  about  two-thirds  or  a  little 
more  of  its  extent,  the  remaining  portion  being  fractured  by  forcibly 
bending  the  limb.  As  the  tibia  very  frequently  participates  in  producing 
the  deformity  it  may  also  require  division.  This  is  done  either  through 
a  short  vertical  incision  immediately  below  the  tibia!"  tubercle  and  along 
the  upper  part  of  the  crest,  the  bone  section  being  accurately  transverse, 
or,  if  preferred,  the  superficial  tissues  may  be  divided  transversely  about 
one  and  a  half  inches  below  the  joint  line.  As  in  the  case  of  the  femur 
about  two-thirds  of  the  bone  are  cut  and  the  remainder  forcibly  fractured. 
The  forcible  stretching  to  which  the  tissues  are  subjected  on  the  outer 
aspect  of  the  limb  at  the  level  of  the  bone  section  may  injuriously  affect 
the  external  popliteal  or  peroneal  nerve  which  is  closely  related  to  the 
head  and  neck  of  the  fibula.  To  obviate  this  Kocher  recommends  a 
cuneiform  osteotomy  of  the  tibia,  by  which  a  small  wedge-shaped  mass  of 
bone  is  removed,  the  base  of  the  wedge  being  directed  inwards.  When 
a  double  osteotomy  is  required,  the  procedure  is  carried  out  in  two 
stages,  the  tibial  section  being  usually  effected  first,  and  that  of  the  femur 
about  six  weeks  later. 

Internal  Derangement  of  the  Knee-joint.—  This  term  implies 
a  form  of  disability  of  the  knee-joint  which  is  characterised  by 
its  sudden  onset  with  acute  pain,  the  knee  being  locked  in  the  flexed 
position.  It  is  probable  that  there  are  different  pathological  conditions 
capable  of  giving  rise  to  this  so-called  internal  derangement ;  the  more 
usual,  however,  are  loose  bodies  or  loose  cartilages  within  the  joint,  and 
certain  displacements  of  the  semilunar  fibro-cartilages  the  result  of  injury, 
indeed  these  structures  appear  to  be  the  offending  agents  in  the  majority 
of  instances.  The  fibro-cartilages  are  liable  to  be  injured  in  twists  or 
strains  of  the  knee,  especially  a  twist  of  the  tibia  on  the  femur  while  the 
knee  is  slightly  flexed,  and  in  this  connection  it  is  of  interest  to  note 
that  whereas  in  flexion  the  tibia  and  semilunar  cartilages  move  in  contact 
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with  the  femoral  condyles,  in  rotatory  movements  of  the  tibia  the  motion 
takes  place  between  the  tibia  and  the  semilunar  cartilages.  This  fact 
helps  to  explain  why  forcible  rotation  of  the  leg  outwards  is  liable  to  cause 
displacement  of  the  internal  semilunar  fibre-cartilage,  while  rotation  in 
the  opposite  direction  tends  to  cause  displacement  of  the  external 
semilunar  fibre-cartilage.  The  exact  nature  of  the  injury  in  these 
cases,  however,  is  subject  to  some  variability ;  thus,  one  of  the  cartilages 
may  be  torn  from  its  connections  while  remaining  attached  at  its  two 
extremities,  or  the  attachment  of  its  anterior  cornu  may  give  way, 
the  cartilage  subsequently  projecting  in  front,  where  it  may  possibly 
be  felt  through  the  integuments  at  the  side  of  the  ligamentum  patellae, 
especially  if  it  undergoes  hypertrophy,  or  the  detached  cartilage  may  curl 
up  in  such  a  way  as  to  become  wedged  in  between  the  tibia  and  the 
femur ;  the  entire  cartilage  may  even  become  detached,  but  this  very 
rarely  happens.  In  these  displacements  the  internal  semilunar  fibro- 
cartilage  seems  to  suffer  more  frequently  than  the  external. 

The  symptoms  which  characterise  internal  derangement  of  the  knee 
are  caused  no  doubt  by  the  loose  cartilage  becoming  wedged  in  between 
the  bones. 

Operative  measures  are  sometimes  employed  in  the  treatment  of 
such  cases,  especially  when  the  attacks  occur  with  considerable  frequency, 
the  displaced  cartilage  being  either  stitched  into  place  or  excised.  The 
removal  of  one  of  the  semilunar  fibre-cartilages,  contrary  to  what  might 
be  expected,  is  not  followed  as  a  rule  by  any  bad  effects  so  far  as  the 
functions  of  the  joint  are  concerned. 

Fractures  of  the  Patella. — A  brief  consideration  of  the  con- 
nections and  relationships  of  this  bone  will  render  it  evident  that,  so 
far  as  the  maintenance  of  its  integrity  depends,  it  occupies  a  somewhat 
disadvantageous  position,  viz.,  interposed  as  a  shield  between  the  cavity 
of  the  knee-joint  and  the  exterior,  and  suspended  between  the  powerful 
quadriceps  muscle  and  the  patellar  ligament.  The  patella  is  very 
greatly  exposed  to  direct  injury  of  various  kinds,  and  it  is  frequently 
subjected  to  severe  longitudinal  strain.  In  view  of  these  facts  it  is  not 
surprising  that  fracture  of  this  bone  is  a  comparatively  common  lesion. 
The  usual  form  of  fracture  is  the  result  of  indirect  violence,  and  crosses 
the  bone  transversely  at  or  just  below  its  centre.  Its  mode  of  production 
is  well  exemplified  in  the  forcible  muscular  effort  which  is  put  forth  when 
an  individual  tries  to  prevent  himself  from  falling  backwards.  In  such  a 
case  the  quadriceps  undergoes  a  sudden  and  spasmodic  contraction,  and  as 
the  degree  of  flexion  between  the  thigh  and  leg  simultaneously  increases, 
a  great  strain  is  thrown  upon  the  patella  and  it  snaps  across.  According 
to  some,  the  mechanism  of  this  fracture  is  analogous  to  that  by  which  a 
bent  rod  is  broken  across  the  knee,  i.e.  the  patella  pivots  against  the 
trochlear  surface  of  the  femur  by  its  posterior  surface,  and  while  fixed  at 
its  two  extremities  is  bent  backwards  during  flexion  and  fractured  in  the 
manner  just  indicated.  This,  however,  is  doubtful ;  the  bone  probably 
does  not  pivot  against  the  femur  in  the  way  that  this  theory  would  lead  one 
to  believe ;  its  articular  facets  appear  to  glide  over  the  trochlea  of  the 
femur,  and  no  degree  of  leverage  such  as  that  suggested  could  be  brought 
into  play.  This  view  is  confirmed  by  the  fact  that  the  strain  exerted  by 
the  quadriceps  may  cause,  instead  of  a  fracture  of  the  patella,  a  tear  of  the 
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quadriceps  tendon  at  its  insertion,  or  of  the  ligamentum  patellae;  the 
lower  part  of  the  tubercle  of  the  tibia  into  which  the  latter  is  inserted  may 
even  become  detached.  This  would  go  to  prove  that  the  fracturing  force 
is  a  longitudinal  strain,  which  is  borne  equally  by  the  quadriceps  tendon, 
the  patella,  and  patellar  ligament,  and  that  the  patella  is  the  one  to  give 
way  most  frequently  as  it  possesses  the  least  degree  of  resisting  power. 

The  usual  transverse  fracture  of  the  patella  opens,  of  course,  into  the 
joint ;  a  transverse  fracture,  however,  of  the  lower  or  apical  extremity  of 
the  bone  is  not  necessarily  intra-articular  as  it  is  separated  from  the 
joint  by  some  fatty  tissue  and  by  a  layer  of  synovial  membrane. 

In  the  ordinary  transverse  fracture  separation  of  the  fragments  is  the 
rule ;  the  intervening  gap  may  be  so  slight  as  to  be  almost  unrecognis- 
able, but  it  may  amount  to  a  couple  of  inches  or  even  more.  Its  extent 

Upper  Patellar  Fragment. 


Femoral  Condyles 


Lower  Patellar  Fragment.  — 


Ligamentum  Patellse 


Tubercle  of  the  Tibia.   — !._ 


f  the  Fibula. 


FlG.  166. — Transverse  fracture  of  the  patella  produced  artificially. 

mainly  depends  upon  the  traction  exerted  by  the  quadriceps  muscle  upon 
the  upp^r  fragment,  and  it  is  influenced  largely  by  the  degree  of  tearing  of 
the  tendinous  expansions  of  the  vasti  on  each  side  of  the  patella  (lateral 
patellar  ligaments).  If  these  are  extensively  torn  the  upper  fragment  is 
enabled  to  recede  to  a  very  considerable  extent.  The  expansion  of  the 
quadriceps  which  overlies  the  periosteum  of  the  patella  is  always  torn, 
but  instead  of  giving  way  in  the  same  sharply  defined  manner  and  at  the 
same  level  as  the  subjacent  bone,  it  first  stretches  and  then  tears,  but 
in  a  very  irregular  manner.  It  not  uncommonly  happens  that  jagged 
portions  of  this  aponeurotic  membrane,  drawn  out  in  the  form  of  a  thin 
velum,  fall  over  the  fractured  surfaces  of  the  retracted  fragments, 
especially  the  upper,  with  the  result  that  when  these  are  approximated 
their  surfaces  are  prevented  from  coming  into  immediate  contact,  and 
consequently  the  bond  of  union  which  subsequently  unites  the  fragments 
will  inevitably  be  of  a  fibrous  character. 

In  addition  to  a  considerable   amount   of  extra vasated  blood,   the 
synovial  effusion  which  quickly  supervenes  after  the  injury  tends,  for  the 
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time  being  at  least,  to  increase  the  gap  between  the  fragments  and  pre- 
vent their  proper  apposition. 

Occasionally  the  patella  is  broken  by  direct  violence,  such  as  a  blow 
or  fall  on  the  knee  ;  in  falling,  however,  the  principal  part  of  the  impact 
is  sustained  by  the  tubercle  of  the  tibia.  Fractures  so  produced  are 
very  often  star-shaped,  i.e.  comminuted,  but  as  the  expansions  of  the 
vasti  usually  remain  untorn  there  is  usually  no  appreciable  separation 
of  the  fragments,  and  consequently  union  by  bone  is  the  rule.  In  trans- 
verse fractures  bony  union  is  the  exception,  owing  to  the  difficulty  in 
maintaining  the  fragments  in  direct  apposition. 

The  practice  of  submitting  transverse  fractures  of  the  patella  to  im- 
mediate operative  treatment,  viz.,  primary  suture  of  the  fragments,  has 
much  to  be  said  in  its  favour.  A  horseshoe  flap,  with  its  convexity 
directed  upwards  (for  reasons  already  given,  p.  644),  is  raised  from  the 
front  of  the  articulation  and  the  seat  of  fracture  fully  exposed.  The  joint- 
cavity  is  emptied  of  blood  clots,  any  fragments  of  tissue  interposed  between 
the  fragments  are  drawn  aside,  and  the  fractured  surfaces  are  brought 
into  close  and  accurate  apposition  by  a  properly  applied  stout  silver-wire 
suture.  The  advantages  of  this  procedure  over  the  older  plan  of  treat- 
ment, viz.,  by  strapping  and  bandages,  the  limb  meanwhile  being  slightly 
flexed  at  the  hip  to  relax  the  quadriceps,  and  placed  upon  the  back  splint, 
are  obvious.  Not  only  is  healing  accelerated,  but  an  osseous  bond  of 
union  is  positively  assured,  and  it  is  possible  for  the  patient  to  get  about 
on  crutches  within  a  few  days  after  the  accident.  A  far  better  functional 
result  also  may  be  expected  from  this  mode  of  treatment,  partly  in  con- 
sequence of  the  close  apposition  of  the  fragments  and  their  rapid  con- 
solidation, but  in  no  small  degree  also  by  reason  of  the  fact  that  the  joint 
movements  may  be  permitted  after  the  first  fortnight,  there  being  no 
necessity,  as  in  the  palliative  method  of  treatment,  to  maintain  the  knee 
in  the  extended  position  for  six  weeks,  or  perhaps  longer. 

Dislocation  of  the  Patella  is  an  injury  of  very  uncommon  occur- 
rence ;  when  it  does  happen,  however,  the  displacement  of  the  bone  will 
be  found  almost  invariably  in  an  outward  direction.  Such  a  dislocation 
is  opposed  by  the  prominent  outer  lip  of  the  trochlea  of  the  femur,  and 
by  that  portion  of  the  tendinous  expansion  of  the  vastus  internus  which 
connects  the  inner  patellar  margin  with  the  tuberosity  of  the  internal 
condyle  of  the  femur.  It  is  favoured,  on  the  other  hand,  by  the  inward 
inclination  of  the  rectus  muscle  as  it  descends  to  the  upper  border  of  the 
patella  where  it  meets  the  long  axis  of  the  patellar  ligament  at  an  obtuse 
angle  opening  outwards,  this  being  merely  another  way  of  expressing 
the  slight  valgus  inclination  of  the  knee.  Any  sudden  spasmodic  effort 
on  the  part  of  the  rectus  muscle  would  tend,  therefore,  to  draw  the 
patella  outwards.  This  dislocation  is  liable  to  be  caused  also  by  a  blow 
upon  the  front  and  inner  aspect  of  the  knee. 

A  peculiar  variety  of  patellar  dislocation  is  that  which  is  termed 
'  vertical.'  The  patella  undergoes  a  rotatory  displacement  through  90 
degrees,  with  the  result  that  one  of  its  lateral  margins  comes  to  lie  in 
contact  with  the  groove  of  the  trochlea,  while  the  other  is  directed 
straight  forwards.  The  cause  of  such  displacement  appears  to  be,  in  all 
cases,  direct  violence. 
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THE  LEG. 

Topography  and  Superficial  Anatomy. — In  a  well  developed  limb 
the  leg  presents  a  conical  outline ;  it  is  smooth  and  uniformly  rounded 
in  children  and  females,  but  somewhat  prismatic  in  adult  males,  at 
least  in  its  upper  two-thirds — indicating  strong  muscular  development — 
and  becomes  almost  cylindrical  as  it  approaches  the  ankle.  In  a 
well  formed  leg,  too,  the  muscles  may  be  brought  very  prominently 
into  relief  if  they  are  made  to  contract,  as  in  the  effort  of  standing 
upon  the  tips  of  the  toes.  The  anterior  border  or  crest  of  the  tibia, 
popularly  known  as  the  shin,  is  a  very  distinct  landmark ;  it  com- 
mences at  the  tubercle  or  insertion  of  the  ligamentum  patellae,  and  de- 
scends in  a  sinuous  manner  to  the  anterior  border  of  the  internal 
malleolus.  At  the  junction  of  the  middle  and  lower  thirds  of  the  leg 
this  ridge  loses  its  sharp  character  and  the  tibial  shaft  becomes  more 
evenly  rounded.  The  inner  surface  of  the  tibia  is  quite  superficial  below 
the  insertions  of  the  sartorius  gracilis  and  semitendinosus  muscles,  the 
finger  passed  along  it  readily  detects  any  surface  irregularity,  and  the 
diagnosis  of  certain  forms  of  fracture  is  much  facilitated  in  consequence. 
Its  exposed  position  renders  the  tibia  extremely  liable  to  injury  ;  indeed, 
there  is  no  bone  in  the  skeleton  in  which  the  effects  of  trauma  are  so 
often  manifest.  The  inner  border  of  the  shaft,  although  not  so  distinct 
as  the  anterior,  can  nevertheless  be  followed  with  great  facility  in  its 
entire  extent. 

The  fibula  is  concealed  by  the  extensor  and  peroneal  muscles  in  its 
upper  three-fourths  and  is  not  readily  palpated.  In  its  lower  fourth  its 
outer  surface  is  subcutaneous  and  very  distinct,  it  intervenes  between  the 
extensor  group  of  muscles  in  front  and  the  peroneus  longus  and  brevis 
behind  ;  below  it  is  continuous  with  the  outer  surface  of  the  external 
malleolus,  and  above  it  is  limited  by  a  sharp  crest  behind  which  lie  the 
peronei  tendons.  Owing  to  its  prominent  character,  this  peroneal  ridge 
is  liable  to  be  mistaken  for  a  fracture,  more  especially  as  fractures  of  the 
fibula  are  frequently  situated  in  its  lower  segment. 

It  is  possible  to  subdivide  the  general  surface  of  the  leg  into  four 
districts,  the  limits  of  which  can  usually  be  defined  without  difficulty  in 
muscular  limbs  free  from  excess  of  fat.  The  boundaries  of  these  districts 
are  formed  by  the  anterior  and  internal  borders  of  the  tibia  and  by  two 
vertically  directed  furrows  on  the  antero-external  aspect  of  the  leg,  which 
correspond  to  intermuscular  septa  passing  between  the  deep  investing 
fascia  of  the  limb  and  the  anterior  and  external  borders  of  the  shaft  of 
the  fibula.  These  furrows  are  known  as  the  anterior and posterior  peroneal 
su/ci  (fig.  162),  as  they  indicate  the  lines  which  separate  the  long  and 
short  peroneal  muscles  from  the  extensor  and  flexor  groups.  The  anterior 
peroneal  sulcus  follows  the  direction  of  a  line  passing  from  the  front  of 
the  head  of  the  fibula  to  the  anterior  border  of  the  external  malleolus, 
it  marks  the  boundary  line  between  the  peroneal  and  extensor  groups  of 
muscles.  The  posterior  peroneal  sulcus,  which  is  usually  the  more 
distinct,  corresponds  to  a  line  passing  from  the  back  of  the  head  of  the 
fibula  to  the  posterior  border  of  the  external  malleolus  ;  it  serves  to 
demarcate  the  peroneal  from  the  flexor  muscles  on  the  back  of  the  leg. 
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The  four  districts  of  the  leg  are  arranged  as  follows  (fig.  167) :  an  antero- 
internal,  corresponding  to  the  inner  surface  of  the  shaft  of  the  tibia  ;  an 
antero-external,  situated  between  the  anterior  tibial  crest  and  the  anterior 
peroneal  septum  ;  an  external,  corresponding  to  the  area  included  between 
the  peroneal  sulci  ;  and  a  posterior,  which  is  the  most  extensive  of  the 
four  and  embraces  the  entire  area  between  the  posterior  peroneal  sulcus 
and  the  internal  border  of  the  shaft  of  the  tibia. 

The  antero-internal  aspect  of  the  leg  is  traversed,  in  part  of  its  ex- 
tent at  least,  by  the  long  saphenous  vein  and  several  of  its  tributaries, 
and  is  very  frequently  the  seat  of  pathological  changes  dependent  upon 
varicosity  of  these  vessels  (fig.  168).  Thus  the  skin  upon  the  lower  and 
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FIG.  167. — Transverse  section  through  the  upper  third  of  the  leg.  Observe  the  anterior  tibial 
vessels  and  nerve  lying  upon  the  interosseous  membrane,  and  the  posterior  tibial  vessels  and 
nerve  between  the  superficial  and  deep  groups  of  muscles  on  the  back  of  the  leg.  The 
fibula  is  completely  surrounded  by  muscle,  but  the  inner  surface  of  the  anterior  and  posterior 
borders  of  the  tibia  are  subcutaneous.  The  predominence  of  muscular  tissue  in  the  posterior 
compartment  of  the  leg  is  very  evident.  The  arrangement  of  the  deep  fascia  and  the  inter- 
muscular  septa  will  be  readily  understood  from  this  figure — see  text. 

inner  part  of  this  surface  may  be  in  a  state  of  chronic  eczema  or 
markedly  indurated,  adherent  to  the  deeper  tissues  and  deeply  pigmented, 
the  tint  varying  from  dusky  red  to  brown  or  violet ;  ulceration  of  a  very 
chronic  type  also  is  sometimes  present — varicose,  chronic,  or  callous  ulcer. 
The  slowness  of  such  ulcers  to  heal  is  explained  to  some  extent  by  the 
close  proximity  of  the  skin  to  the  bone,  in  consequence  of  which  the 
base  of  the  ulcer  becomes  fixed  and  the  necessary  degree  of  cicatricial 
contraction  which  should  accompany  the  healing  process  cannot  take 
place.  Under  normal  conditions  the  internal  saphenous  vein  can  usually 
be  distinguished  through  the  overlying  skin,  but  when  it  is  in  a  markedly 
varicose  state  it  stands  out  very  prominently,  forming  with  its  larger 
tributaries  soft  irregularly  coiled  masses  beneath  the  skin. 

The  antero-external  district  of  the  leg  is  full  and  gently  rounded, 
especially  in  its  upper  two-thirds  ;  it  coincides  with  the  osteo-aponeurotic 
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compartment  within  which  are  contained  the  extensor  muscles  together 
with  the  anterior  tibial  vessels  and  nerve.  The  unyielding  character  of 
the  tissues  over  this  area  is  very  marked  and  is  explained  by  the  density 
of  the  deep  fascia  which  invests  the  muscles  The  tibialis  anticus  lies 
most  internally,  i.e.  adjoining  the  anterior  tibial  crest,  and  terminates  in 
a  tendon  which  gradually  inclines  inwards  as  it  descends  to  the  ankle, 
where  it  passes  through  a  special  compartment  beneath  the  anterior 
annular  ligament  and  continues  its  course  to  the  inner  border  of  the 
foot.  The  outline  of  this  muscle  is  distinctly  brought  out  in  the  effort  of 
raising  the  heels  off  the  ground,  the  feet  being  everted  at  the  same  time, 
so  that  their  outer  borders  come  into  contact  with  the  ground.  The 
course  of  the  anterior  tibial  artery  coincides  with  the  outer  border  of  this 
muscle,  and  may  be  indicated  on  the  surface  by  a  line  drawn  from  a  point 
midway  between  the  outer  tuberosity  of  the  tibia  and  the  head  of  the  fibula 
to  the  centre  of  a  line  connecting  the  two  malleoli  in  front  of  the  ankle. 

The  outer  or  peroneal  district  of  the  leg  is  limited  in  front  and  behind 
by  the  peroneal  sulci  and  is  very  narrow ;  its  upper  part  corresponds  to 
the  fleshy  portion  of  the  peroneus  longus,  its  lower  part  contains  the 
tendon  of  this  muscle  and  the  fleshy  portion  of  the  peroneus  brevis. 
Opposite  the  neck  of  the  fibula  the  external  popliteal  nerve  passes 
forwards  beneath  the  peroneus  longus  and  divides  into  its  two  main 
branches,  the  musculo-cutaneous  and  anterior  tibial  nerves.  The  former 
of  these  descends  within  the  peroneal  compartment,  the  latter  pierces 
the  anterior  peroneal  septum  and  the  extensor  longus  digitorum  muscle, 
and  descends  in  the  anterior  compartment  of  the  leg  with  the  anterior 
tibial  vessels. 

The  posterior  district  of  the  leg  is  rendered  broad  and  prominent  in 
its  upper  half  by  the  two  fleshy  heads  of  the  gastrocnemius  and  the  soleus 
muscle,  and  is  known  as  the  '  calf  of  the  leg.'  Midway  between  the  knee 
and  ankle  the  fleshy  portion  of  the  gastrocnemius  is  succeeded  by  its 
tendon,  which  narrows  very  quickly  from  side  to  side ;  the  soleus,  however, 
continues  fleshy  below  the  middle  of  the  leg,  and  may  be  recognised  in 
front  of  the  gastrocnemius  when  the  calf  muscles  are  thrown  into  action. 
The  median  furrow  at  the  upper  part  of  this  region  indicates  the  interval 
between  the  two  heads  of  the  gastrocnemius,  and  is  a  guide  also  to  the 
terminal  portion  of  the  external  or  short  saphenous  vein.  Just  above  the 
ankle  this  vein  lies  at  the  outer  side  of  the  leg,  but  as  it  ascends  it 
gradually  approaches  its  posterior  aspect  and  occupies  the  middle  line  for 
some  distance  before  its  termination  in  the  popliteal  vein.  Below  the  calf 
of  the  leg  the  tendo  Achillis,  which  is  formed  by  the  coalescence  of  the 
tendons  of  the  gastrocnemius  and  soleus  muscles,  stands  out  prominently, 
but  to  a  greater  extent  in  some  limbs  than  in  others,  appearing  in  fuller 
relief  the  more  the  heel,  i.e.  the  os  calcis,  projects  in  a  backward  direction  ; 
it  is  limited  on  each  side  by  a  furrow,  which  is  continuous  inferiorly  with 
the  depression  situated  behind  the  corresponding  malleolus. 

Varicose  Veins. — The  veins  of  the  limbs  are  arranged  in  two  groups, 
superficial  and  deep.  The  former  run  in  the  subcutaneous  tissue,  the 
latter  lie  beneath  the  deep  fascia  and  accompany  the  arteries.  In  the 
lower  limb  the  arteries  below  the  popliteal  have  each  two  accompanying 
veins  or  venae  comites,  the  popliteal  and  femoral  arteries  have  but  one 
companion  vein. 
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The  great  frequency  of  varicosity  in  the  veins  of  the  leg  may  be 
accounted  for  by  the  high  blood  pressure  within  these  vessels,  this  in  turn 
being  determined  to  a  large  extent  by  the  erect  posture  of  the  human 
subject  and  by  the  wide  distance  which  separates  these  veins  from  the 
heart.  The  internal  saphenous  vein  (fig.  168)  as  it  ascends  upon  the 
inner  aspect  of  the  leg  may  be  regarded  as  the  lower  part  of  a  tube,  the 
upper  extremity  of  which  coincides  with  the  orifice  of  the  inferior  vena 
cava  in  the  right  auricle  of  the  heart.  It  differs  from  an  ordinary  tube, 
however,  in  the  fact  that  its  interior  is  subdivided  into  sections  by  a 
series  of  bicuspid  valves,  each  pair  of  which  is  capable  of  supporting 
the  column  of  blood  immediately  above  and  taking  its  weight  off  the 
column  below.  In  a  normal  system  of  vessels  the  vis-a-tergo  necessary 
to  propel  this  uphill  current  is  very  considerable,  but  in  the  presence 
of  certain  abnormal  conditions  it  may  prove  unequal  to  the  task,  the 
veins  becoming  unduly  distended  in  consequence.  There  appear  to 
be  good  grounds  for  the  belief  that  in  some  cases  the  vein  walls  are  con- 
genitally  weak  and  liable  to  dilate,  even  though  the  blood  pressure  in  their 
interior  is  by  no  means  great ;  in  fact,  it  is  probable  that  some  individuals 
are  thus  naturally  predisposed  to  varicosity,  this  tendency  on  the  part  of 
the  superficial  veins  being  still  further  facilitated  by  the  laxity  of  their 
surroundings.  If,  in  addition  to  this,  the  veins  higher  up  in  the  limb 
or  the  large  venous  trunks  within  the  abdomen  are  subjected  to  external 
pressure,  as  sometimes  happens  with  tumours  of  various  kinds,  the 
gravid  uterus,  etc.,  varicosity  is  very  prone  to  make  itself  manifest  in  the 
veins  of  one  or  both  legs.  If,  too,  as  very  commonly  happens,  the  deep 
veins  are  in  a  varicose  condition,  the  trouble  in  the  superficial  veins  is 
still  further  aggravated  by  the  currents  passing  into  them  along  the 
communicating  channels  which  connect  them  with  the  deeper  system  ; 
indeed,  superficial  varices  are  usually  first  noticed  opposite  the  points 
of  entrance  of  these  communicating  veins.  The  propelling  force  in 
the  saphenous  trunk  below  each  of  these  sites  has  to  overcome  not  only 
the  downward  pressure  of  the  vertical  column  of  blood  in  the  vessels 
above  this  point,  but  it  also  encounters  the  resistance  offered  by 
the  blood  stream  which  forces  its  way  outwards  from  the  deep  veins. 
The  posterior  tibial  veins  have  been  observed  to  attain  enormous 
dimensions  in  varicose  limbs,  forming  large  masses  of  anastomosing 
vessels  interposed  between  the  superficial  and  deep  muscles  on  the  back 
of  the  leg. 

Different  types  of  varicosity  may  be  noted,  two  of  which  are  deserv- 
ing of  special  mention.  In  one,  the  trunk  of  the  internal  or  external 
saphenous  vein,  usually  the  former  alone,  appears  to  be  affected  ;  it  is 
considerably  dilated,  and  stands  out  with  an  undue  degree  of  prominence 
upon  the  inner  aspect  of  the  leg  ;  it  may  even  extend  quite  up  to  the 
saphenous  opening  as  a  long,  almost  straight,  cylinder.  This  type  is  most 
frequently  encountered  in  young  adult  male  subjects.  In  the  other  type 
the  evidences  of  varicosity  are  much  more  widespread,  being  manifest 
not  only  in  the  saphenous  vessels  and  their  main  tributaries,  but  also  in 
the  minute  venules  which  originate  in  the  skin.  In  a  typical  case  one 
recognises  a  number  of  dilated  and  tortuous  veins  at  the  upper  and  inner 
aspect  of  the  leg,  while  lower  down,  in  the  vicinity  of  the  ankle,  the 
general  surface  is  beset  with  numerous  fine  purple  wavy  streaks,  indicat- 
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ing  a  marked  degree  of  congestion  of  the  venous  radicles  in  the  skin. 
This  type  of  varicosity  occurs  with  greatest  frequency  in  females,  especi- 
ally those  who  have  borne  children,  and  is  very  apt  to  terminate  in 
ulceration. 

When  the  dilatation  of  the  larger  veins  has  exceeded  a  certain  limit, 
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FIG.  168. — The  superficial  veins  upon  the  inner  aspect  of  the  leg. 

the  valves  in  their  interior,  which  fail  to  increase  part  passu  with  the 
circumferential  enlargement  of  the  vessels,  become  incapable  of  support- 
ing the  overlying  column  of  blood,  and  consequently  the  pressure  in  the 
veins  at  the  lower  part  of  the  limb  is  still  further  increased. 

The  severe  pain  experienced  by  individuals  who  suffer  from  varicose 
veins  in  the  legs  is  evidently  explained  by  the  close  proximity  of 'the  en- 
larged veins  to  the  principal  sensory  nerves.  The  internal  saphenous 
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nerve,  a  branch  of  the  anterior  crural,  accompanies  the  internal  saphenous 
vein  below  the  knee,  and  the  external  saphenous  nerve  accompanies  the 
corresponding  vein  in  the  lower  part  of  the  leg.  The  deep  posterior 
tibial  veins  also  are  closely  ranged  around  the  posterior  tibial  nerve 
(fig.  167). 

The  Deep  Fascia  of  the  Leg  closely  resembles  that  of  the  thigh  with  which  it  is 
continuous.  Its  aponeurotic  character  is  very  evident,  but  its  strength  and  density  vary 
considerably  in  different  parts  of  the  leg,  It  is  very  strong  for  some  distance  below  the  knee  in 
front,  and  its  thickness  is  considerable  again  at  the  level  of  the  anterior  annular  ligament.  At 
the  back  of  the  leg  it  is  not  very  strong,  but  in  the  vicinity  of  the  ankle  it  attains  a  better 
development,  and  is  continued  into  the  internal  and  external  annular  ligaments.  It  does  not 
extend  continuously  around  the  leg,  but  is  deficient  over  the  inner  surface  of  the  shaft  of  the  tibia 
and  over  the  subcutaneous  portion  of  the  shaft  of  the  fibula.  Commencing  in  front  at  the 
anterior  margin  or  crest  of  the  tibia,  it  extends  around  the  antero-external  and  posterior  aspects 
of  the  limb  and  becomes  attached  again  to  the  tibia,  viz. ,  along  its  internal  border.  In  addition 
to  investing  the  muscles  and  providing  attachment  for  a  certain  number,  two  well  defined  septa 
proceed  from  its  deep  surface  to  the  fibula  and  obtain  attachment  to  its  anterior  and  external 
borders ;  they  have  been  already  alluded  to — see  topography — as  the  anterior  and  posterior 
peroneal  septa.  Taken  in  conjunction  with  the  anterior  and  internal  borders  of  the  tibia  and  the 
interosseous  membrane,  these  septa  help  to  subdivide  the  leg  into  three  compartments,  viz., 
an  anterior,  an  external,  and  a  posterior  ;  the  arrangement  of  these  compartments  at  the  junction 
of  the  upper  and  middle  thirds  of  the  leg  is  distinctly  seen  in  fig.  167. 

(1)  The  anterior  compartment  presents  on  section  an  irregularly  four-sided  figure,  bounded 
in  front  and  externally  by  the  deep  fascia,  behind  by  the  interosseous  membrane  and  the  anterior 
surface  of  the  fibula,  internally  by  the  outer  surface  of  the  tibia,  and  externally  by  the  anterior 
peroneal  septum.     This  compartment  becomes  progressively  narrower  as  it  descends  ;  it  contains 
the   tibialis  anticus,  extensor  longus  digitorum,  extensor  longus   hallucis  and  peroneus  tertius 
muscles,  with  the  anterior  tibial  vessels  and  nerve ;  the  anterior  branch  of  the  peroneal  artery 
also  enters  it  just  above  the  inferior  tibio-fibular  joint. 

(2)  The  external  compartment  is  the  smallest ;  it  is  situated  between  the  peroneal  septa,  and 
contains  the  peroneus  longus  and  peroneus  brevis  muscles  and  the  musculo-cutaneous  nerve  ;  at 
its  upper  part  it  contains  also  the  termination  of  the  external  popliteal  nerve. 

(3)  The  posterior  compartment  is  the  largest,  but  at  the  same  time  it  diminishes  in  a  very 
marked  degree  as  it  approaches  the  ankle.     Superficially  it  is  bounded  by  the  deep  fascia ;  its 
deep  boundaries  are  formed  by  the  posterior  surface  of  the  shaft  of  the  tibia,  the  interosseous 
membrane,  the  fibula,  and  the  posterior  peroneal  septum.     Further,  this  extensive  compartment 
is  subdivided  by  a  deep  aponeurotic  layer  or  intermuscular  septum  which  stretches  across  from 
the  fibula  to  the  tibia  and  separates  the  superficial  muscles — gastrocnemius,  soleus,  plantaris — 
from   the   deep  group,    viz.,    the   flexor  longus  digitorum,  tibialis  posticus,  and  flexor  longus 
hallucis.      The  posterior  tibial  vessels  .and  nerve  and  the  peroneal  vessels  also  occupy   this 
deep  compartment. 

The  Anterior  Tibial  Artery  arises  at  the  back  of  the  leg,  viz. ,  at  the  lower  border  of  the 
popliteus  muscle,  where  the  popliteal  artery  bifurcates  and  enters  the  anterior  compartment  of 
the  leg  by  passing  forwards  through  an  aperture  in  the  upper  part  of  the  interosseous  membrane. 
At  first  it  lies  upon  the  interosseous  membrane,  close  to  the  neck  of  the  fibula,  but  as  it  descends 
it  inclines  inwards  and  somewhat  forwards,  and  rests  upon  the  anterior  surface  of  the  shaft  of  the 
tibia  in  the  lower  fourth  of  the  leg.  Throughout  its  course  it  is  surrounded  by  two  venae 
comites  which  are  connected  by  numerous  transverse  branches,  and  it  is  closely  attended  by  the 
anterior  tibial  nerve  in  its  lower  two  thirds.  The  latter  approaches  the  artery  on  its  outer  side  in 
the  upper  part  of  its  course,  and  subsequently  maintains  an  intimate  relationship  with  it,  viz.,  on 
its  outer  side ;  the  nerve  may,  however,  incline  over  the  front  of  the  artery  in  the  middle  of  the  leg. 
At  first  the  artery  lies  between  the  tibialis  anticus  and  the  extensor  longus  digitorum,  and  is  very 
deeply  placed.  In  the  middle  third  of  the  leg  it  is  situated  between  the  tibialis  anticus  and  the 
extensor  longus  hallucis,  but  as  it  approaches  the  ankle  it  is  crossed  by  the  tendon  of  the  latter 
muscle,  and  just  above  the  annular  ligament  it  lies  between  it  and  the  innermost  tendon  of  the 
extensor  longus  digitorum,  and  is  comparatively  superficial.  In  front  of  the  ankle-joint  the 
anterior  tibial  artery  is  continued  into  the  dorsalis  pedis. 

The  branches  of  the  anterior  tibial  artery  are  small  and  are  distributed  principally  to  the 
surrounding  muscles.  While  still  at  the  back  of  the  limb  it  gives  off  its  posterior  tibial  recurrent 
and  superior  fibular  branches,  and  on  reaching  the  anterior  compartment  it  almost  immediately 
gives  off  the  anterior  tibial  recurrent  artery,  which  has  already  been  observed  to  play  an  im- 
portant part  in  the  anastomoses  around  the  knee-joint.  A  short  distance  above  the  ankle-joint 
it  gives  off  an  internal  and  an  external  malleolar  branch. 

The  Posterior  Tibial  Artery  is  the  larger  of  the  two  terminal  branches  of  the 
popliteal,  and  at  its  origin  is  situated  midway  between  the  two  bones  of  the  leg.  As  it  descends, 
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however,  it  steadily  inclines  inwards,  and  at  its  termination  at  the  inner  side  of  the  ankle  it  is 
situated  midway  between  the  internal  malleolus  and  the  inner  tuberosity  of  the  os  calcis,  at 
which  level  it  divides  into  its  terminal  branches  the  internal  and  external  plantar  arteries. 

In  its  downward  course  the  artery  rests  in  contact  with  the  deep  muscles  and  is  bound  down 
by  the  deep  fascial  layer  which  separates  these  from  the  gastrocnemius  and  soleus.  It  is 
accompanied  by  two  venae  comites  which  communicate  freely  with  each  other  and  with  the 
superficial  veins  by  branches  which  pierce  the  deep  fascia.  The  posterior  tibial  nerve  at  first 
lies  to  the  inner  side  of  the  artery  ;  about  one  and  a  half  inches  below  the  popliteus  muscle, 
however,  the  nerve  crosses  behind  the  artery,  and  for  the  remainder  of  its  course  occupies  an 
external  position.  In  its  upper  two-thirds  the  artery  is  situated  deeply,  but  in  the  remainder  of 
its  course  it  is  quite  superficial,  being  covered  merely  by  the  integument,  the  superficial  and  deep 
fasciae.  Near  its  termination  it  lies  beneath  the  internal  annular  ligament,  between  the  tendons 
of  the  tibialis  anticus  and  flexor  longus  digitorum  in  front,  the  posterior  tibial  nerve  and  the 
tendon  of  the  flexor  longus  hallucis  behind.  Just  before  its  bifurcation  it  is  overlaid  by  some  of 
the  fibres  of  origin  of  the  abductor  hallucis  muscle. 

Branches. — In  addition  to  a  large  number  of  branches  to  the  muscles  on  the  back  of  the 
leg,  the  posterior  tibial  artery  gives  off — (i)  the  peroneal  artery  ;  (2)  the  principal  nutrient  artery 
of  the  tibia  ;  (3)  a  communicating  branch  to  the  peroneal  ;  (4)  internal  calcanean  branches  ; 
(5)  internal  and  (6)  external  plantar  arteries. 

The  Peroneal  Artery  arises  about  one  inch  below  the  bifurcation  of  the  popliteal,  and 
immediately  inclines  outwards  towards  the  fibula,  and  descends  in  close  relation  to  the  posterior 
aspect  of  this  bone  during  the  remainder  of  its  extent,  being  situated  either  beneath  or  in  the 
substance  of  the  flexor  longus  hallucis,  and  in  close  proximity  to  the  interosseous  membrane.  A 
short  distance  above  the  ankle  it  divides  into  its  two  terminal  branches,  viz.,  the  anterior  and 
posterior  peroneal  arteries.  The  former  of  these  pierces  the  interosseous  membrane,  and  having 
entered  the  anterior  compartment  of  the  leg,  descends  in  front  of  the  inferior  tibio-fibular  joint, 
and  beneath  the  peroneus  tertius  ;  it  forms  anastomoses  with  the  external  malleolar  (anterior  tibial), 
tarsal  (dorsalis  pedis),  and  external  plantar  arteries.  The  posterior  peroneal  artery  descends  behind 
the  inferior  tibio-fibular  joint  and  forms  anastomoses  with  the  external  malleolar  and  tarsal 
arteries.  The  peroneal  trunk  also  gives  a  number  of  small  branches  to  the  muscles  on  the  back 
of  the  leg ;  it  communicates  with  the  posterior  tibial  by  a  branch  which  passes  transversely 
between  the  two  vessels  about  two  inches  above  the  internal  malleolus,  and  it  supplies  the 
principal  nutrient  artery  to  the  fibula. 

The  Blood-Vessels  of  the  Leg. — The  leg  receives  a  very  free 
supply  of  blood  through  the  two  tibial  arteries,  and  as  these  anas- 
tomose very  freely  with  each  other,  especially  in  the  region  of  the 
ankle  and  in  the  foot,  the  circulation  in  the  lower  part  of  the  limb  is 
efficiently  carried  on  when  one  or  other  is  occluded.  The  application  of 
a  ligature  to  these  vessels,  however,  is  but  seldom  called  for.  The 
principal  indications  for  such  a  procedure  are  a  wound  of  either  artery 
or  a  traumatic  aneurysm.  The  anterior  tibial  artery,  from  its  close 
proximity  to  the  tibia,  more  particularly  in  the  lower  third  of  the  leg,  is 
liable  to  be  injured  in  fractures  at  this  level ;  the  posterior  tibial,  on  the 
other  hand,  from  its  deep  position  on  the  back  of  the  leg,  is  well  protected, 
and,  with  the  exception  of  a  short  part  of  its  course  just  above  the 
ankle,  it  is  separated  from  the  tibia  by  the  deep  muscles. 

The  venae  comites  of  the  tibial  arteries,  those  of  the  posterior 
especially,  are  sometimes  in  a  varicose  condition  and  very  voluminous ; 
varicosity  of  these  vessels,  indeed,  is  usually  associated  with  that  of  the 
superficial  veins. 

An  embolus  conveyed  along  the  popliteal  artery  is  very  apt  to  stick 
at  the  point  of  bifurcation  of  this  artery  (Billroth)  and  block  both  tibial 
arteries.  Should  the  succeeding  process  of  thrombosis  around  the 
embolus  extend  along  the  anterior  tibial  artery  so  as  to  occlude  its 
anterior  tibial  recurrent  branch,  the  result  would  very  probably  prove 
disastrous  for  the  vitality  of  the  leg  and  foot  in  consequence  of  the 
remaining  collateral  channels  being  unequal  to  the  task  of  carrying  on 
the  circulation. 
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Ligature  of  the  Anterior  Tibial  Artery. — To  secure  this  vessel  in 
the  upper  third  of  the  leg,  an  incision  from  three  to  four  inches  in  length 
is  made  in  its  direction,  viz.,  in  the  course  of  a  line  extending  from  a 
point  above  midway  between  the  outer  tuberosity  of  the  tibia  and 
the  head  of  the  fibula,  to  another  point  below  midway  between  the 
two  malleoli.  The  upper  extremity  of  the  incision  is  placed  about  a 
hand's- breadth  below  the  knee-joint.  Having  traversed  the  skin  and 
subcutaneous  stratum,  the  deep  fascia,  which  is  rather  dense  at  this  level, 
is  exposed  and  divided.  As  its  unyielding  character  may  hamper  the 
approach  to  the  artery,  it  may  be  necessary  to  make  a  second  incision 
through  it  at  right  angles  to  the  first.  The  gap  between  the  tibialis 
anticus  and  extensor  longus  digitorum  muscles  is  not  always  easy  to 
find,  especially  as  no  indication  of  its  situation  is  to  be  obtained  by  an 
inspection  of  the  deep  fascia  at  this  part  of  the  limb.  It  should  lie, 
however,  about  one  or  one  and  a  quarter  inches  outwards  from  the 
crest  of  the  tibia,  and  about  a  finger's-breadth  in  front  of  the  anterior 
peroneal  septum.  On  drawing  the  muscles  apart,  the  artery  is  exposed 
in  front  of  the  interosseous  membrane  to  which  it  is  bound  by  some 
connective  tissue  ;  it  is  accompanied  by  two  venae  comites,  and  the  nerve 
will  be  found  approaching  it  from  the  outside.  The  aneurysm  needle  is 
passed  with  greatest  facility  from  without  inwards  owing  to  the  slight 
prominence  caused  by  the  fibula  compared  to  that  of  the  tibia ;  the 
nerve,  too,  is  more  readily  avoided.  Both  venae  comites  are  included 
with  the  artery  as  it  is  better  not  to  persevere  in  its  complete 
isolation. 

Should  it  be  decided  to  ligature  the  artery  below  the  middle  of  the 
leg,  an  incision  from  two  to  three  inches  in  length  is  made  in  its  direction. 
When  the  deep  fascia  has  been  divided,  the  tibialis  anticus  muscle  is 
recognised  and  drawn  inwards.  The  extensor  longus  hallucis,  which  at 
first  is  overlaid  by  the  extensor  longus  digitorum,  is  retracted  outwards. 
The  aneurysm  needle  is  passed  as  before,  the  nerve  being  studiously 
avoided.  At  the  lower  part  of  its  course  the  artery  will  be  found  in 
front  of  the  tibia  surrounded  by  some  soft  fatty  tissue,  the  tendon  of  the 
extensor  longus  hallucis  crossing  in  front  and  coming  to  lie  upon  its 
inner  side. 

The  Collateral  Circulation,  after  ligature  of  the  anterior  tibial  artery,  is  carried  on — by 
anastomoses  (i)  between  the  external  malleolar  (anterior  tibial)  and  the  anterior  and  posterior 
peroneal  arteries  ;  (2)  between  the  internal  malleolar  and  posterior  tibial  arteries;  (3)  between 
the  branches  of  the  dorsalis  pedis  and  the  plantar,  anterior  and  posterior  peroneal  arteries. 
Numerous  small  anastomotic  vessels  derived  from  the  muscular  branches  of  the  two  tibial 
arteries  traverse  the  interosseous  membrane. 

Ligature  of  the  Posterior  Tibial  Artery. — The  superficial  guide  to 
the  posterior  tibial  artery  is  represented  by  a  line  extending  from  the 
centre  of  the  back  of  the  leg,  a  hand's-breadth  below  the  bend  of  the 
knee,  to  a  point  at  the  ankle  midway  between  the  tendo  Achillis  and  the 
inner  border  of  the  tibia.  The  guiding  line,  however,  for  incisions  to 
reach  the  vessel,  extends  from  the  inner  tuberosity  of  the  tibia  to  the 
lower  of  the  two  points  just  mentioned.  The  reason  for  this  non- 
correspondence  is  that  an  incision  made  exactly  in  the  course  of  the 
artery  in  the  upper  two-thirds  of  the  leg  would  entail  an  extensive 
division  of  the  gastrocnemius  and  soleus  muscles,  whereas  one  in  the  line 


672  APPLIED  ANATOMY 

just  indicated  enables  the  vessel  to  be  exposed  without  much  damage  to 
the  overlying  tissues. 

(1)  At  the  middle  of  the  leg. — An   incision  between  three  and  four 
inches  in  length  is  made  in  the  middle  of  the  leg,  and  in  the  course  of  the 
line  above  described,  which  at  this  level  will  be  found  to  lie  about  three- 
quarters  of  an  inch  behind  the  inner  border  of  the  tibia.     The  internal 
saphenous  vein  and  nerve,  if  exposed  on  the  division  of  the  subcutaneous 
tissue,  must  be  drawn  aside.     The  deep  fascia  is  next  incised  and  the 
outer  head  of  the  gastrocnemius  muscle  drawn  backwards.     The  tibial 
portion  of  the  soleus  is  now  in  view,  and  is  divided  vertically  in  the  line 
of  the  primary  incision.     This  part  of  the  operation  requires  some  care, 
for  if  the  wound  be  extended  too  deeply  in  contact  with  the  tibia,  the 
attachment  of  the  flexor  longus  digitorum  may  be  undermined  and  the 
artery  missed  altogether  (fig.   167).     The  inner  border  of  the   divided 
soleus  is  retracted  outwards,  and  the  finger  introduced  into  the  interval 
between  the  superficial  and  deep  muscles  in  the  direction  of  the  vessels. 
The   deep  fascial   layer   overlying  the  artery  and   the  other  structures 
within  the  deep  compartment  is  now  divided  and  the  parts  exposed. 
The  artery  is  closely  surrounded  by  its  two  venae  comites,  and  lies  upon 
the  tibialis  posticus  muscle,  with  the  posterior  tibial  nerve  at  its  outer 
side.     The  aneurysm  needle   is  passed  from  the  nerve,  and  the  venae 
comites   are   included   also.     Sometimes   these  veins   are   in    a  greatly 
dilated  or  varicose  condition  and  may  occasion  very  considerable  trouble. 

(2)  In  the  lower  third  of  the  leg. — An  incision  between  two  and  three 
inches  in  length  is  made  in  the  lower  third  of  the  leg  in  the  direction  of 
the  line  already  indicated ;   it  will  be  found  at  this  part  of  the  limb 
to  lie  almost  exactly  midway  between  the  inner  border  of  the  tibia  and 
the  tendo  Achillis.     When  the  superficial  tissues  and  deep  fascia  have 
been  divided  a  second  deep  fascial  stratum  is  exposed  and  must  also  be 
incised.     This  is  a  layer  which  overlies  the  deep  group  of  flexor  muscles, 
and  has  been  fully  described  with  the  deep  fascia  of  the  leg.     The  artery 
with  its  two  venae  comites  will  be  found  lying  upon  the  flexor  longus 
digitorum,  and  the  nerve  at  its  outer  side. 

Collateral  Circulation. — When  the  posterior  tibial  artery  has  been  ligatured,  the  collateral 
circulation  is  maintained  by  anastomoses  between  (i)  the  muscular  branches  of  the  peroneal  and 
posterior  tibial  .arteries,  and  by  the  communicating  branches  which  connect  these  vessels  in 
the  lower  third  of  the  leg.  (2)  The  peroneal  arteries  (anterior  and  posterior)  and  the  calcanean 
branches  of  the  external  plantar  artery.  (3)  The  external  malleolar  (anterior  tibial)  and  the 
external  plantar  arteries.  (4)  The  internal  malleolar  (anterior  tibial)  and  the  posterior  tibial 
artery.  (5)  The  dorsalis  pedis  and  its  branches  and  the  plantar  arteries. 

In  the  case  of  a  deep  wound  at  the  upper  and  back  part  of  the  leg, 
accompanied  by  free  haemorrhage,  it  may  not  be  possible  to  determine 
straightway  which  vessel  has  been  implicated  and  accordingly  it  has  been 
recommended,  under  such  doubtful  circumstances,  to  make  a  straight 
incision  from  four  to  five  inches  in  length  exactly  in  the  middle  line  in 
the  upper  third  of  the  leg,  commencing  from  one  to  two  inches  below 
the  bend  of  the  knee.  When  the  superficial  tissues  have  been  divided 
the  external  saphenous  vein  will  probably  be  exposed  and  must  be 
drawn  aside.  The  deep  fascia  is  next  incised  and  the  interval  between 
the  two  heads  of  the  gastrocnemius  brought  into  view.  The  com- 
municans  tibialis  nerve  and  a  superficial  sural  branch  of  the  popliteal 
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artery  descend  in  this  interval,  and  must  also  be  held  aside.  The  gastroc- 
nemius  is  divided  vertically  from  the  point  of  junction  of  its  two  heads 
and  the  soleus  exposed  ;  the  plantaris  also  may  come  into  view  at  this 
stage.  The  index  finger,  acting  as  a  director,  is  now  insinuated  beneath 
the  fibrous  arch  of  the  soleus  and  the  muscle  is  split  vertically  as  far  as 
the  wound  will  permit.  When  its  divided  margins  are  widely  retracted 
a  good  view  of  the  deeper  structures  will  be  obtained.  Within  the 
area  opened  up  will  be  found  the  lower  part  of  the  popliteal  artery,  its 
two  terminal  branches,  and  the  commencement  of  the  peroneal  artery. 
The  posterior  tibial  nerve  also  is  fully  exposed  in  the  first  part  of  its 
course. 

The  Bones  of  the  Leg. — The  tibia  and  fibula  form  the  skeleton  of 
the  leg ;  they  are  connected  at  their  extremities  by  the  ligaments  of  the 
superior  and  inferior  tibio-fibular  joints,  and  between  these  by  the  inter- 
osseous  membrane.  The  tibia  is  the  more  important  bone ;  it  alone 
articulates  with  the  femur  and  transmits  the  weight  of  the  body  through 
the  ankle  to  the  foot,  it  is  in  consequence  a  bone  of  considerable  strength. 
The  fibula,  which  is  of  slender  proportions  throughout,  serves  to  reinforce 
the  tibia  and  enables  it  to  withstand  the  effects  of  various  forms  of 
violence,  such  as  forcible  bending,  torsion,  etc. ;  indeed,  were  it  not  for  this 
bone,  fractures  of  the  tibia  would  be  much  more  frequent.  The  fibula 
also  provides  extensive  attachment  for  muscles,  especially  in  its  upper 
three-fourths.  By  its  lower  extremity — outer  malleolus. — it  enters  into 
the  constitution  of  the  ankle-joint,  and  together  with  the  tibia  forms  a 
secure  mortise  for  the  reception  of  the  astragalus.  In  congenital 
absence  of  the  fibula,  the  tibia  has  a  strong  tendency  to  bend  under 
the  superincumbent  weight,  and  owing  to  the  defective  character  of  the 
socket  for  the  astragalus,  the  ankle-joint  possesses  but  slight  stability. 

The  shaft  of  the  tibia  is  surrounded  by  a  stout  layer  of  compact  bone 
which  encloses  a  central  medullary  canal.  The  thickness  and  density  of 
the  bone  is  greatest  in  front  beneath  the  tibial  crest  and  at  the  middle 
of  the  shaft.  In  the  vicinity  of  each  articular  extremity  it  diminishes 
considerably  in  thickness,  and  encases  a  mass  of  cancellous  tissue  which 
extends  in  a  vertical  direction  from  two  to  three  inches  away  from  the 
articular  surface.  In  its  external  configuration  the  tibial  shaft  resembles 
two  pyramids  meeting  at  their  apices,  the  site  of  junction  corresponding 
to  the  point  where  the  middle  and  lower  thirds  of  the  bone  meet ;  this 
consequently  is  the  most  slender  part  of  the  shaft,  and  it  is  here  that 
fractures  resulting  from  indirect  violence  are  most  frequently  placed. 

The  nutrient  foramen  of  the  tibia  is  particularly  deserving  of  note. 
It  is  the  largest  in  the  entire  skeleton,  and  is  situated  in  the  upper  third 
of  the  bone,  upon  its  posterior  surface.  The  nutrient  canal,  which  is 
directed  downwards  from  it,  has  a  course  of  about  two  inches  within  the 
compact  substance  of  the  shaft  before  entering  the  medullary  canal. 
The  mode  of  distribution  of  this  large  nutrient  vessel  is  identical  with 
that  of  long  bones  in  general,  a  description  of  which  will  be  found  on 
page  277. 

In  addition  to  its  liability  to  suffer  from  the  direct  effects  of  injury 
of  various  kinds,  the  tibia  is  very  prone  to  certain  forms  of  disease,  one  of 
the  most  serious  being  acute  infective  periostitis,  which  may  rapidly 
determine  the  death  of  the  greater  part,  if  not  of  the  entire  diaphysis  (acute 
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necrosis).  The  tibia  also  is  a  frequent  site  for  syphilitic  disease,  which 
usually  declares  itself  in  the  form  of  a  chronic  osteitis  and  periostitis,  and 
may  lead  to  a  marked  degree  of  enlargement  of  the  shaft  of  the  bone. 
The  localised  periosteal  thickenings,  so  typical  of  syphilitic  disease,  are 
commonly  known  as  nodes  and  render  the  surface  of  the  bone  very 
uneven.  A  ready  way  of  contrasting  the  two  tibiae,  so  as  to  determine  if 
one  is  enlarged,  is  to  grasp  the  anterior  and  internal  borders  of  the  shaft 
of  each  in  turn,  between  the  thumb  and  index  finger,  and  follow  these 
from  above  downwards  ;  even  a  slight  difference  in  the  thickness  of  either 
bone  will  be  detected  in  this  way.  The  tibia,  also,  is  not  infrequently  the 
seat  of  central  inflammatory  disease  of  a  circumscribed  character,  more 
particularly  at  its  extremities  ;  it  assumes  the  form  of  a  rarefying  osteitis 
or  caries,  and  is  probably  of  a  tubercular  nature.  It  leads  to  a  circum- 
ferential enlargement  of  the  bone,  and  is  very  apt  to  terminate  in 
suppuration  with  the  formation  of  a  central  abscess  (Brodies  abscess). 
Lastly,  the  tibia  may  be  the  seat  of  malignant  disease  in  the  form  of  a 
sarcomatous  growth.  This  latter  has  its  origin  very  commonly  in  the 
centre  of  the  bone  and  at  its  upper  extremity  (central  myeloid  sarcoma) ; 
less  frequently  it  .develops  superficially  from  the  periosteal  covering  of 
the  bone  (peripheral  or  periosteal  sarcoma).  An  interesting  feature  in  the 
pathology  of  bone  disease,  and  one  which  the  tibia  sometimes  illustrates 
in  a  very  striking  manner,  is  that  whereas  inflammatory  processes  in  the 
articular  extremity  of  a  long  bone  tend  in  the  course  of  time  to  undermine 
the  articular  cartilage,  leading  to  its  disintegration  and  the  subsequent 
implication  of  the  joint  cavity,  sarcomatous  growths,  on  the  other  hand, 
tend  rather  to  advance  towards  the  periphery,  and  rarely  invade  the 
neighbouring  joint. 

Fractures  of  the  Bones  of  the  Leg.— Both  bones  of  the  leg  may  be 
broken  by  direct  violence  at  any  level  intermediate  between  their  upper  and 
lower  extremities,  as  when  the  wheel  of  a  waggon  passes  over  the  limb. 
The  site  of  the  break  in  such  cases  coincides  with  that  of  the  injury,  and 
both  bones  are  broken  at  the  same  level.  Fractures  caused  in  this  way 
are  usually  transverse,  at  least  in  the  lower  two-thirds  of  the  leg,  and 
are  not,  as  a  rule,  accompanied  by  much  displacement. 

When  the  tibia  alone  is  broken,  and  provided  the  line  of  fracture  is 
transverse,  the  symptoms  of  the  injury  may  be  somewhat  obscure  owing 
to  the  absence  of  any  recognisable  displacement.  If  the  finger  be 
carried  down  along  the  crest  of  the  bone,  the  line  of  fracture  may 
possibly  be  indicated  by  a  slight  irregularity  as  well  as  by  an  acute 
sense  of  pain  which  is  invariably  experienced  when  pressure  is  exerted 
over  the  site  of  the  lesion. 

The  violence  which  causes  the  leg  bones  to  fracture  is  very  frequently 
of  an  indirect  kind,  and  may  take  the  form  of  a  bending  strain  or  a 
powerful  degree  of  torsion.  When  the  leg  is  forcibly  bent  the  site  of 
the  tibial  fracture  is  fairly  constant,  viz.,  at  the  junction  of  the  lower  and 
middle  thirds  of  its  shaft,  where  it  is  most  slender ;  the  fibula,  however, 
does  not  give  way  usually  at  the  same  level,  but  at  some  point  higher  up 
in  the  limb.  When  the  tibia  breaks,  the  fibula  continues  to  bend  up  to 
a  certain  degree,  and  if  the  force  be  rapidly  exhausted  it  may  fail  to 
fracture  ;  if  the  force,  however,  be  excessive,  the  fibula  also  snaps  across. 
A  gpod  representation  of  this  form  of  fracture  is  seen  in  fig.  169.  The 
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tibial  fracture  is.  usually  oblique,  and  the  sharp  extremity  of  the  upper 
fragment,  which  is  quite  superficial,  may  readily  penetrate  the  skin,  the 
fracture  at  the  same  time  becoming  compound.  Such  an  accident  may 
occur  at  the  moment  of  the  injury  if  the  force  continue  to  act  after  the 
bones  have  given  way,  but  it  not  infrequently  happens  that  a  fracture 
primarily  simple  is  made  compound  in  the  attempt  of  the  individual, 
probably  while  in  a  state  of  intoxication,  to  stand  upright.  In  the  form 
of  fracture  just  described  displacement  may  be  very  marked.  The 
weight  of  the  foot  causes  the  leg  to  bend,  and  the  traction  exercised  by 
the  flexor  muscles  of  the  calf  draws  the  heel  in  a  backward  direction,  and 


FIG.  169. — Ordinary  oblique  fracture  of  both  bones  of  the  leg  caused  by  indirect  violence  and 
united  with  displacement.  Drawn  from  a  specimen  in  the  Surgical  Museum  of  Trinity 
College. 

causes  a  projection  to  appear  at  the  same  time  in  front.  If  the  line  of 
fracture  be  very  oblique  there  may  be  a  considerable  degree  of  overriding 
of  the  fragments  In  the  reduction  of  such  fractures  of  the  leg  with 
displacement  the  principal  obstacle  will  be  found  in  the  muscles  on  the 
back  of  the  leg  (gastrocnemius  and  soleus),  and  to  overcome  this  it  is 
advisable  to  place  the  patient  lying  upon  the  side  of  the  fracture  on  a 
flat  couch  with  the  knee  flexed  at  a  right  angle,  as  this  position  is  the 
most  favourable  for  obtaining  relaxation  of  these  resisting  muscles. 
While  an  assistant  makes  counter-extension  at  the  knee,  the  surgeon, 
standing  at  the  foot  of  the  couch,  grasps  the  heel  in  one  hand,  the  dorsum 
of  the  foot  in  the  other,  and  makes  extension  steadily  in  a  downward 
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direction  until  reduction  is  fully  effected  ;  while  in  this  position,  also,  the 
splints  or  plaster  dressings  may  be  secured  in  place. 

In  the  majority  of  torsion  fractures  it  is  probable  that  at  the  time  of 
the  injury  the  foot  is  fixed  and  the  body  suddenly  twisted  round.  When 
the  tibia  is  subjected  to  a  strain  of  this  kind  it  usually  breaks  at  the 
junction  of  its  middle  and  lower  thirds,  and  with  a  very  decided  obliquity. 
The  plane  of  this  fracture  slopes  very  constantly  from  above  downwards, 
and  from  without  inwards,  the  sharp  extremity  of  the  upper  fragment 
being  situated  in  consequence  on  the  inner  subcutaneous  surface  of  the 
shaft.  In  addition  to  this  oblique  or  V-shaped  fracture  (fracture  en-  V  of 
Gosseliri),  it  commonly  happens  that  a  second  line  of  fracture  extends 
downwards  from  the  apex  of  the  V,  with  a  spiral  direction  through  the 
lower  fragment  into  the  ankle-joint.  The  fact  of  the  latter  being 
implicated  in  these  cases  is  of  considerable  importance  and  should 
influence  the  prognosis,  seeing  that  the  joint  is  liable  to  remain  stiff  and 
painful  for  some  time  afterwards. 

Amputation  through  the  leg  may  be  required  for  a  variety  of 
conditions,  such  as  irremediable  tubercular  disease  of  the  ankle  and  foot, 
gangrene  limited  to  the  lower  part  of  the  limb,  malignant  disease 
(sarcoma),  severe  gunshot  or  other  form  of  injury  in  which  the  bones  and 
soft  tissues  are  hopelessly  damaged.  It  may  be  laid  down  as  a  rule  that 
the  site  selected  for  the  amputation  in  all  cases  should  be  as  low  down 
as  possible ;  the  nearer  it  is  to  the  ankle  the  better  is  the  prospect  as 
regards  the  functional  capacity  of  the  limb  when  an  artificial  apparatus  is 
adjusted.  The  term  '  seat  of  election,'  as  applied  to  the  leg  in  connection 
with  amputation,  refers  to  a  point  a  hand's-breadth  below  the  knee-joint. 
This  site  was  selected  because  it  provided  a  stump  very  well  adapted 
for  supporting  the  weight  of  the  body  when  placed  in  the  old-fashioned 
bucket.  The  knee  being  flexed,  the  main  brunt  of  the  pressure  would 
be  borne  in  such  cases  by  the  tubercle  of  the  tibia.  The  shortness  of 
the  stump  also  was  eminently  suited  for  maintaining  the  flexed  position 
as  it  did  not  form  an  awkward  projection  behind. 

Other  considerations  have  to  be  weighed  also  in  leg  amputations. 
The  flaps  should  permit  of  the  ends  of  the  bones  being  well  covered, 
and  the  cicatrix  should  not  lie  at  the  extremity  of  the  stump,  so  that 
the  latter  may  be  well  adapted  to  withstand  the  pressure  of  an  artificial 
limb.  A  terminal  cicatrix  is  apt  to  be  painful  or  tender,  and  altogether 
unsuited  to  withstand  a  high  degree  of  pressure.  If  it  be  intended, 
however,  that  the  pressure  should  be  borne  by  the  tubercle  of  the  tibia 
a  terminal  cicatrix  is  not  a  matter  of  much  consequence. 

Amputation  in  the  upper  third  of  the  leg. — The  following  anatomical 
details  are  deserving  of  note  in  connection  with  amputation  in  the  upper 
third  of  the  leg.  A  large  mass  of  muscle  occupies  the  antero-external 
and  posterior  aspects  of  the  limb.  The  tibialis  anticus  and  peroneus 
longus  constitute  the  chief  mass  in  front  and  externally,  the  gastroc- 
nemius  and  soleus  behind.  With  the  exception  of  the  gastrocnemius 
and  plantaris,  which  are  free,  the  remaining  muscles  at  this  level  are 
fixed  to  the  bones  and  deep  fascia,  and  are  unable  to  retract  at  all  freely 
when  divided.  The  three  main  arteries  of  the  leg  will  require  ligature. 
The  anterior  tibial  lies  in  front  of  the  interosseous  membrane,  between 
the  tibialis  anticus  and  the  extensor  longus  digitorum,  and  is  closely 
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connected  with  it,  the  nerve  lying  to  its  outer  side.  The  posterior  tibial 
artery  lies  between  the  superficial  and  deep  muscles,  midway  between 
the  bones.  The  nerve  has  by  this  time  crossed  the  artery  so  as  to  lie 
along  its  outer  side.  The  peroneal  artery  is  on  the  same  plane  as  the 
parent  vessel,  and  is  removed  but  a  short  distance  from  its  outer  side. 
A  good  idea  of  the  general  arrangement  of  the  tissues  in  the  upper  part 
of  the  leg  will  be  obtained  from  the  section  represented  in  fig.  167. 

The  modified  circular  is  a  favourite  form  of  amputation  at  this  part  of 
the  leg.  Two  lateral  flaps  of  skin  and  superficial  fascia  are  raised  from 
the  sides  of  the  limb.  The  angle  at  which  they  meet  in  front  is  situated 
about  an  inch  below  the  tubercle  of  the  tibia,  and  the  posterior  angle  is  at 
a  corresponding  point  on  the  back  of  the  limb.  When  these  flaps,  which 
should  be  as  broad  as  possible,  have  been  raised,  the  deep  fascia  and 
muscles  are  cleanly  divided  by  a  transverse  section  at  the  same  level  as 
that  at  which  the  bones  are  sawn. 

Farabaeufs  Amputation. — If  it  be  intended  that  the  extremity  of  the 
stump  should  subsequently  bear  pressure,  the  operation  just  described  is 
not  very  suitable,  as  the  cicatrix  is  terminal.  It  is  at  this  part  of  the 
limb  that  the  amputation  associated  with  the  name  of  Farabceuf  answers 
extremely  well.  Stated  briefly,  it  consists  in  raising  a  large  U-shaped 
flap  from  the  antero-external  aspect  of  the  leg,  which  should  include  all 
the  tissues  down  to  the  interosseous  membrane,  and  the  greatest  care 
should  be  taken  to  preserve  the  anterior  tibial  artery  down  to  the  free 
extremity  of  the  flap.  The  two  extremities  of  the  base  of  the  flap  are 
connected  by  a  straight  or  slightly  curved  incision  going  through  all 
the  tissues  straight  to  the  bones,  both  of  which  are  divided  at  this  level. 
When  the  external  flap  is  adjusted  it  will  be  found  to  form  an  excellent 
supporting  pad ;  the  scar,  too,  will  be  situated  on  the  inner  side  of  the 
stump  away  from  the  line  of  pressure.  According  to  Sir  Frederick 
Treves  this  amputation  is  the  best  for  the  upper  segment  of  the  leg ;  the 
stump  also  is  sufficiently  long  to  enable  the  movements  of  the  knee  to 
be  carried  out  when  an  artificial  limb  is  adjusted. 

Amputation  at  the  middle  of  the  leg. — A  favourite  amputation  with 
many  at  this  part  of  the  leg  is  one  in  which  a  flap  is  raised  from  the 
back  of  the  leg  sufficiently  long  to  fold  round  the  lower  end  of  the  stump, 
to  meet  the  tissues  upon  the  front  of  the  limb  which  have  been  divided 
transversely  (Hey),  or  a  short  anterior  flap.  This  amputation  has  the 
advantage  of  providing  a  good  covering  for  the  divided  bones  and  a  line 
of  cicatrix  situated  well  to  the  front.  It  has  sometimes  happened,  how- 
ever, that  the  large  posterior  flap,  partly  by  its  weight  and  partly  by 
traction,  has  caused  such  a  marked  degree  of  stretching  of  the  cicatrix 
that  the  latter  comes  to  lie,  after  a  time,  at  the  extremity  of  the  stump. 

Amputation  in  the  lower  third  of  the  leg. — The  following  anatomical 
facts  are  to  be  noted  in  connection  with  amputations  in  the  lower  third 
of  the  leg.  The  interosseous  space  becomes  progressively  narrower,  until 
the  tibia  and  fibula  come  into  apposition  immediately  above  the  ankle- 
joint  (fig.  170).  In  the  lower  third  of  the  leg  also  the  tibia  loses  its 
prismatic  shape  and  assumes  a  more  cylindrical- outline,  and  as  no 
muscular  fibres  are  attached  to  this  part  of  the  bone,  the  raising  of  flaps 
from  this  segment  of  the  limb  is  rendered  comparatively  easy.  The 
tendo  Achillis,  formed  by  the  fusion  of  the  tendons  of  the  gastrocnemius 
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and  soleus,  is  prominent  behind  ;  it  is  narrowest  opposite  the  bases  of  the 
malleoli,  but  widens  out  slightly  again  as  it  approaches  its  insertion. 
The  muscular  fibres  of  some  of  the  other  muscles  have  for  the  most  part 
disappeared,  notably  those  of  the  tibialis  anticus  and  peroneus  longus.  The 
anterior  tibial  artery  has  left  the  interosseous  membrane  and  rests  upon 
the  front  of  the  tibia.  The  posterior  tibial  artery  is  comparatively  super- 
ficial ;  it  lies  well  to  the  inner  side  of  the  leg  and  in  contact  with  the 
flexor  longus  digitorum  muscle.  The  peroneal  artery  lies  more  deeply, 
beneath  the  fleshy  fibres  of  the  flexor  longus  hallucis,  and  in  close 
proximity  to  the  inner  aspect  of  the  fibula  at  the  level  of  the  attach- 
ment of  the  interosseous  membrane. 

It  is  in  this  part  of  the  leg  that  the  amputation  associated  with  the 
name  of  Teale  of  Leeds  has  been  extensively  performed.  This  pro- 
cedure consists  in  raising  a  long  anterior  rectangular  flap,  equal  both  in 
length  and  in  breadth  to  half  the  circumference  of  the  limb  at  the  level  at 
which  the  bones  are  to  be  sawn.  The  posterior  flap  is  one-third  as  long  as 
the  anterior.  In  the  anterior  flap  all  the  tissues  are  cleanly  raised,  especially 
those  overlying  the  interosseous  membrane,  as  it  is  most  important  to 
preserve  the  anterior  tibial  artery  to  nourish  the  flap.  The  posterior  flap 
is  raised  also  with  care  and  includes  all  the  tissues  down  to  the  bones 
and  interosseous  membrane.  When  the  bone  section  has  been  com- 
pleted the  long  anterior  flap  is  folded  back  and  united  with  its  fellow. 
The  resulting  scar  is  situated  at  the  back  of  the  stump,  the  extremity  of 
which  is  well  covered  and  admirably  adapted  to  withstand  pressure. 
The  principal  disadvantage  of  the  operation  is  that  it  entails  a  rather 
high  division  of  the  bones  owing  to  the  great  length'of  the  anterior  flap. 

Another  form  of  amputation  which  appears  to  answer  well  in  the 
lower  third  of  the  leg  is  one  by  an  oblique  elliptical  incision,  the 
highest  point  of  the  ellipse  being  in  front  a  short  distance  below  the 
proposed  line  of  bone  section.  When  the  skin  has  been  divided  and 
allowed  to  retract,  all  the  tissues  in  front  and  behind  are  divided  down  to 
the  bones  and  interosseous  membrane  and  dissected  up  to  the  required 
level.  When  the  wound  is  adjusted  the  cicatrix  will  occupy  an  anterior 
position,  and  the  ends  of  the  bones  will  be  covered  by  a  good  pad. 

On  the  whole  it  may  be  stated  that  the  modified  circular  form  of 
amputation  is  well  adapted  to  any  part  of  the  leg.  The  flaps,  which 
consist  of  skin  and  subcutaneous  tissue,  may  be  arranged  in  various 
ways,  viz.,  antero-posteriorly  or  laterally,  or  they  may  be  of  equal  or 
unequal  length. 

As  regards  the  bone  sections,  the  divided  extremity  of  the  tibia,  in 
its  upper  two-thirds  at  least,  forms  a  sharp  angle  in  front,  at  the  site  of 
the  tibial  crest,  which  it  is  advisable  to  remove  by  an  obliquely  directed 
saw  cut.  In  connection  with  the  tibia,  also,  it  is  well  before  applying  the 
saw  to  raise  a  good  periosteal  flap  from  the  inner  surface  of  the  bone, 
which  is  subsequently  laid  flat  against  the  sawn  surface.  In  dealing 
with  the  divided  ends  of  the  main  vessels  it  is  not  always  easy  to  secure 
a  sufficient  length  of  each  of  these  to  apply  a  ligature  to  it  direct.  A 
very  usual  practice  is  to  include  with  the  vessel  a  small  portion  of  the 
surrounding  tissues,  one  method  of  doing  which  is  to  surround  the 
divided  artery  by  a  modified  purse-string  suture.  If  this  precaution  be 
taken  there  can  be  no  danger  of  haemorrhage  from  the  ligature  slipping. 
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On  no  account  should  one  of  the  nerves  be  included  in  the  ligatured 
mass.  Each  nerve  is  isolated  and,  having  been  drawn  down  slightly,  is 
cut  across,  so  that  when  its  extremity  becomes  bulbous  (amputation 
neuroma}  it  may  remain  hidden  in  the  tissues  and  removed  as  far  as 
possible  from  the  line  of  pressure. 


THE  ANKLE. 

The  Region  of  the  Ankle  presents  for  consideration  the  anatomy  of 
the  ankle-joint  and  of  the  structures  by  which  it  is  immediately  sur- 
rounded. As  the  subcutaneous  tissue  at  this  part  of  the  limb  is  rather 
scanty  and  as  the  skin  is  accurately  moulded  over  the  underlying  parts, 
the  contour  of  the  bones  and  the  direction  taken  by  the  principal 
tendons  can  be  determined  without  difficulty  during  life.  Also,  any 
deviation  from  the  normal  relationships  of  the  bones,  such  as  may  result 
from  fracture  or  dislocation,  can  be  readily  ascertained,  provided  the 
swelling  be  not  very  great.  The  malleoli  constitute  the  most  obvious 
landmarks  in  this  locality  and  subdivide  it  into  an  anterior  and  a 
posterior  district. 

Topography  and  Superficial  Anatomy. — Anterior  Region  of  the 
Ankle. — The  external  malleolus  being  very  thinly  covered  is  readily 
defined  ;  it  tapers  into  a  point  at  its  lower  extremity  and  forms  a  very 
distinct  prominence  upon  the  outer  aspect  of  the  ankle.  In  front  of  the 
malleolus  and  at  the  outer  side  of  the  tendon  of  the  peroheus  tertius 
(fig.  174)  is  a  shallow  depression  which  indicates  the  level  of  the  ankle- 
joint.  A  similar  depression  may  be  recognised  between  the  front  of 
the  internal  malleolus  and  the  tendon  of  the  tibialis  anticus.  The  ankle- 
joint  is  very  superficial  at  these  points,  and  when  the  synovial  cavity 
becomes  swollen  by  an  effusion  or  by  an  excessive  development  of 
granulation  tissue  in  the  course  of  tubercular  disease  of  its  synovial 
membrane,  these  parts  become  filled  out  and  may  form  soft  projections 
at  the  sides  of  the  extensor  tendons,  while  the  latter  in  turn  may  appear 
unduly  prominent.  When  the  foot  is  extended  the  astragalus  glides 
forwards  out  of  its  socket  and  forms  a  distinct  projection  which  is  most 
noticeable  in  front  of  the  external  malleolus.  A  short  distance  below 
and  in  front  of  this  prominence  the  finger-tip  sinks  into  a  depression 
which  indicates  the  outer  extremity  of  the  interosseous  canal  between 
the  os  calcis  and  the  astragalus  which  is  occupied  by  the  calcaneo- 
astragaloid  ligament.  This  depression  is  succeeded  below  and  in  front  by 
a  slight  but  appreciable  projection  caused  by  the  anterior  tuberosity  of 
the  os  calcis. 

The  internal  malleolus  projects  prominently  on  the  inner  side  of  the 
ankle ;  it  lies  more  anteriorly  but  does  not  attain  so  low  a  level  as  the 
external  malleolus.  The  resisting  surface  immediately  in  front  of  the 
malleolar  projection  corresponds  to  the  inner  aspect  of  the  head  and 
neck  of  the  astragalus.  About  half  an  inch  below  the  malleolus  the 
lesser  tuberosity  of  the  os  calcis  (sustentaculum  tali)  will  be  felt  on  deep 
pressure.  When  the  foot  is  fully  flexed  the  extensor  tendons  in  front 
are  rendered  prominent  and  the  line  of  the  ankle-joint  is  easily  defined. 
The  internal  saphenous  vein,  which  has  its  origin  in  the  inner  part  of  the 
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venous   arch   upon  the   dorsum   of  the   foot,  ascends   in    front   of  the 
internal  malleolus  and  can  usually  be  recognised  at  this  level.  VK 

The  Posterior  Region  of  the  Ankle  is  characterised  mainly  by  the 


Tendon  of  Tib.  anticus  M. 


Long  Saphenous  V. 


Tib.  Posticus  M.- 


Flex.  Longus  Dig.  M. — 

Posterior  Tibial  Vessels. — 

Posterior  Tibial  N. — 


Flexor  Longus  Hallucis  M. 


Extensor  Longus  Hallucis  M. 

•  —  Anterior  Tibial  Vessels. 
—  Extensor  Longus  Dig.  M. 


—  Anterior  Branch  of  Peroneal 
Art. 


External  Malleolus. 


Peroneus  Brevis  M. 
Peroneal  Vessels. 

Peroneus  Longus  M. 


External  or  Short  Saphenous  V. 


Tendo  Achillis. 


FIG.  170. — Transverse  section  of  the  leg  immediately  above  the  ankle-joint.  This  figure  gives 
a  good  representation  of  the  relative  positions  of  the  various  structures  grouped  around  the 
bones  at  this  level  of  the  limb. 

prominent  tendo  Achillis  which  descends  from  the  calf  muscles  to  its 
insertion  into  the  posterior  aspect  of  the  os  calcis.  The  surface  which 
intervenes  on  each  side  between  the  tendon  and  the  corresponding 
malleolus  presents  a  well-defined  groove.  That  on  the  outer  side  is 
occupied  by  the  tendons  of  the  peroneus  longus  and  peroneus  brevis 
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muscles,  both  of  which  are  tightly  bound  down  by  the  external  annular 
ligament  which  stretches  between  the  posterior  border  of  the  malleolus 
and  the  outer  aspect  of  the  os  calcis  and  converts  the  groove  on  the  back 
of  the  malleolus  into  an  osteo-aponeurotic  canal.  The  peroneus  brevis 
tendon  is  the  deeper  of  the  two,  it  lies  also  more  anteriorly  and  is  in 
direct  contact  with  the  bone.  Both  tendons  can  be  felt  winding  around 
the  apex  of  the  malleolus,  but  they  part  company  a  little  further  forward  ; 
the  tendon  of  the  peroneus  brevis  which  is  uppermost  at  this  level 
(fig.  174)  passes  above  the  external  tubercle  of  the  os  calcis  and  across 
the  joint  between  the  cuboid  and  this  bone  to  reach  its  insertion  into 
the  upper  aspect  of  the  prominent  base  of  the  fifth  metatarsal  bone. 
The  tendon  of  the  peroneus  longus  passes  forwards  and  downwards 
beneath  the  external  tubercle  of  the  os  calcis  to  the  outer  border  of  the 
foot  where  it  hooks  around  the  outer  border  of  the  cuboid  bone  and 
crosses  the  sole  obliquely  in  a  forward  and  inward  direction  to  the 
posterior  and  outer  part  of  the  base  of  the  first  metatarsal  bone  into 
which  it  is  inserted.  The  external  saphenous  vein  and  nerve  are  found 
in  the  subcutaneous  tissue  behind  the  external  malleolus. 

The  groove  on  the  inner  aspect  of  the  tendo  Achillis  is  continued 
without  interruption  into  the  hollow  which  separates  the  internal 
malleolus  from  the  os  calcis  (int.  calcaneo-malleolar  sulcus)  This 
interval  is  bridged  across  by  the  internal  annular  ligament,  and  within 
the  osteo-aponeurotic  compartment  so  formed  are  found  the  deep  flexor 
tendons  and  also  the  posterior  tibial  vessels  which  have  been  already 
noted  on  the  back  of  the  leg.  The  tendon  of  the  tibialis  posticus 
muscle  is  in  immediate  contact  with  the  back  of  the  malleolus  (fig.  170), 
and  may  be  traced  from  this  to  the  inner  border  of  the  foot  and  into  the 
tuberosity  of  the  scaphoid  bone  which  is  its  principal  point  of  insertion. 
Passing  from  the  internal  malleolus  to  the  heel,  the  tendon  of  the 
tibialis  posticus  is  succeeded  by  those  of  the  flexor  longus  digitorum 
and  flexor  longus  hallucis  muscles,  each  tendon  possessing  a  separate 
synovial  sheath.  The  two  last  tendons  are  separated  by  a  narrow 
interval  in  which  are  found  the  posterior  tibial  vessels  and  nerve.  The 
tendo  Achillis  is  brought  very  prominently  into  view  by  flexing  the  foot 
(dorsal  flexion) ;  it  is  narrowest  opposite  the  bases  of  the  malleoli,  but 
widens  out  slightly  as  it  approaches  its  insertion.  The  tendon  is 
contained  within  a  compartment  formed  by  the  splitting  of  the  deep 
fascia  and  is  surrounded  by  a  synovial  sheath  which  greatly  facilitates  its 
movements.  It  is  to  be  noted  also  that,  whereas  the  other  tendons  in 
this  locality  lie  in  close  relationship  with  the  ankle-joint,  the  tendo 
Achillis  is  separated  from  it  by  a  considerable  interval.  A  fairly  wide 
gap  also  separates  the  tendon  from  the  posterior  tibial  vessels  and  nerve, 
and  consequently  these  important  structures  run  but  little  risk  of  being 
wounded  in  the  performance  of  tenotomy  of  the  tendon. 

The  Annular  Ligaments  of  the  Ankle. — The  deep  fascia  at  the  ankle  possesses  consider- 
able strength  and  is  distinctly  continuous  with  that  which  invests  the  leg  and  foot.  In  the  vicinity 
of  the  ankle  joint  it  forms  three  well-defiried  bands  which  maintain  the  tendons  in  contact  with  the 
bones  and  assist  in  forming  certain  osteo-aponeurotic  canals  within  which  the  tendons,  sur- 
rounded by  their  synovial  sheaths,  move  with  the  greatest  freedom.  These  bands  are  known  as 
the  annular  ligaments,  and  are  named  respectively  anterior,  external  and  internal. 

The  anterior  annular  ligament  consists  of  two  parts,  an  upper  and  a  lower,  which  are 
readily  distinguished  from  the  remaining  portions  of  the  deep  fascia  by  their  relatively  greater 
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density.  The  upper  is  represented  by  a  stout  band  which  is  directed  transversely  from  the  tibia 
to  the  fibula  immediately  above  the  ankle-joint,  and  at  its  inner  part  forms  a  distinct  sheath  for 
the  tendon  of  the  tibialis  anticus  muscle.  The  lower  part  of  the  ligament  is  attached  externally 
to  the  prominent  anterior  tuberosity  of  the  os  calcis  and  at  first  consists  of  a  single  band,  but  as  it 
crosses  in  front  of  the  joint  it  divides  into  two  limbs  which  diverge  from  each  other  like  the  limbs 
of  the  letter  Y.  The  upper  limb  obtains  attachment  to  the  internal  malleolus,  the  lower  limb 
fuses  with  the  deep  fascia  along  the  inner  border  of  the  foot  and  with  the  plantar  fascia.  This 
lower  subdivision  of  the  anterior  annular  ligament  forms  three  distinct  compartments.  The  inner- 
most of  these  is  occupied  by  the  tendon  of  the  tibialis  anticus,  the  outermost  contains  the  tendons 
of  the  extensor  longus  digitorum  and  peroneus  tertius,  and  the  middle  one  the  tendon  of  the 
extensor  longus  hallucis.  Each  of  these  compartments  is  lined  by  a  distinct  synovial  sheath. 

The  external  annular  ligament  is  the  thickened  portion  of  the  deep  fascia  which  bridges 
over  the  groove  between  the  external  malleolus  and  the  outer  aspect  of  the  os  calcis  (fig.  174).  The 
peronei  tendons  which  pass  beneath  the  ligament  are  enclosed  in  a  common  synovial  sheath 
which  subdivides  into  two  at  the  point  where  the  tendons  diverge,  viz.,  in  front  of  the  malleolus,  to 
reach  their  respective  insertions. 

The  internal  annular  ligament  bridges  over  the  hollow  between  the  internal  malleolus 
and  the  internal  tuberosity  of  the  os  calcis,  to  both  of  which  it  is  attached  (fig.  173).  In  an  upward 
direction  it  is  continuous  with  the  deep  fascia  of  the  leg,  but  more  particularly  with  that  pait 
which  separates  the  superficial  from  the  deep  muscles.  By  its  lower  border  it  gives  origin  to  the 
abductor  hallucis  and  is  continuous  with  the  innermost  part  of  the  plantar  fascia.  Allusion  has 
been  made  to  the  structures  which  pass  beneath  the  ligament ;  from  within  outwards  or  from 
before  backwards  they  are,  the  tendon  of  the  tibialis  anticus  muscle,  the  tendon  of  the  flexor  longus 
digitorum,  the  posterior  tibial  vessels  and  nerve,  and  the  tendon  of  the  flexor  longus  hallucis. 
This  ligament  is  pierced  by  the  internal  calcanean  branches  of  the  posterior  tibial  artery  and 
nerve. 

Tenotomy  of  certain  of  the  tendons  which  surround  the  ankle-joint 
is  sometimes  required  in  cases  of  talipes,  especially  in  the  form  known 
as  talipes  equino-varus  (p.  702).  Tenotomy  of  the  tendo  Achillis  is  readily 
performed.  The  tendon  is  first  made  moderately  tense  by  flexing  the  foot, 
a  small  puncture  is  then  made  in  the  skin  at  its  inner  border,  sufficient 
to  admit  the  extremity  of  a  blunt-pointed  tenotome.  This  is  introduced 
on  the  flat,  beneath  the  tendon,  which  should  be  slightly  relaxed  as  the 
blade  is  passed  across  in  close  contact  with  its  deep  surface.  The 
cutting  edge  of  the  tenotome  is  now  turned  towards  the  tendon,  and 
while  this  is  held  tense  by  forcibly  flexing  the  foot  it  is  divided.  When 
this  has  been  accomplished  the  two  ends  retract  and  a  distinct  gap  is  left. 
This  retraction  takes  place  within  the  sheath  of  the  tendon,  and  it  is  the 
presence  of  this  sheath  that  enables  the  latter  to  establish  its  continuity 
in  the  course  of  the  subsequent  reparative  process.  The  best  place  at 
which  to  effect  the  division  of  the  tendon  is  where  it  is  narrowest,  viz., 
about  one  and  a  half  inches  above  the  heel. 

The  tibialis  posticus  tendon  maybe  divided  subcutaneously  just  above 
the  internal  malleolus,  before  it  passes  beneath  the  internal  annular  liga- 
ment, or,  if  it  be  preferred,  the  section  may  be  carried  out  below  and  in 
front  of  the  malleolus,  viz.,  between  it  and  the  tuberosity  of  the  scaphoid 
bone  (fig.  173). 

The  tibialis  anticus  tendon  is  usually  divided  below  and  in  front  of 
the  ankle-joint,  on  its  way  to  the  inner  border  of  the  foot  (fig.  173).  In 
passing  to  its  insertion,  viz.,  the  base  of  the  first  metatarsal  bone  and  the 
adjoining  part  of  the  plantar  surface  of  the  internal  cuneiform,  it  crosses 
the  astragalus,  scaphoid  and  internal  cuneiform  bones.  It  is  most 
readily  divided  as  it  crosses  the  scaphoid  bone.  The  tenotome  is  passed 
beneath  it  from  without  inwards  and  made  to  cut  towards  the  skin. 

Blood-vessels  in  relation  to  the  Ankle. — The  anterior  tibial  artery 
is  continued  as  the  dorsalis  pedis  beyond  the  line  of  the  ankle-joint. 
Just  before  it  reaches  this  level  it  is  crossed  superficially  by  the  tendon 
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of  the  extensor  longus  hallucis  muscle,  and  at  the  lower  extremity  of  the 
tibia  it  is  found  between  the  latter  muscle  and  the  tendon  of  the  extensor 
longus  digitorum.  In  the  vicinity  of  the  ankle  the  anterior  tibial  artery 
gives  off  its  malleolar  branches. 

The  position  of  the  posterior  tibial  artery  at  the  ankle  corresponds  to 
the  centre  of  a  line  connecting  the  internal  malleolus  with  the  most 
prominent  part  of  the  heel.  Opposite  the  lower  border  of  the  internal 
annular  ligament,  and  beneath  the  abductor  hallucis  muscle,  it  divides 
into  its  terminal  branches,  the  internal  and  external  plantar  arteries. 
The  calcanean  branches  of  the  artery  itself  and  of  its  external  plantar 
branch  are  largely  instrumental  in  supplying  the  tissues  of  the  inner 
part  of  the  heel. 

The  anterior  peroneal  artery  has  been  traced  to  the  ankle-joint  which 
it  crosses  in  front  of  the  interosseous  ligament  between  the  lower 
extremities  of  the  tibia  and  fibula.  It  anastomoses  at  the  outer  part  of 
the  ankle  with  the  external  malleolar  (anterior  tibial},  tarsal  and ,  meta- 
tarsal  (dorsalis  pedis)  arteries. 

The  posterior  peroneal  artery  descends  behind  the  inferior  tibio-fibular 
articulation  ;  it  gives  an  external  calcanean  branch  to  the  outer  part 
of  the  heel  and  anastomoses  with  the  external  malleolar,  tarsal  and 
external  plantar  arteries. 

The  arteries  which  have  just  been  enumerated  contribute  to  the 
formation  of  very  free  anastomotic  networks  both  on  the  outer  and  inner 
aspects  of  the  ankle,  including  the  heel. 

THE  ANKLE-JOINT.— In  this  joint  the  lower  extremities  of  the 
tibia  and  fibula  articulate  with  the  large  expanded  facet  on  the  upper 
surface  and  with  the  lateral  faceted  areas  on  the  sides  of  the  astragalus. 
The  tibia  and  fibula  together  form  a  strong  bony  arch  or  socket ;  they 
are  connected  in  a  very  secure  manner  at  their  lower  extremities  by 
ligamentous  tissue,  viz.,  the  anterior  and  posterior  inferior  tibio-fibular 
ligaments,  the  interosseous  ligament,  and  the  transverse  ligament.  This 
latter  is  a  stout  band  which  extends  from  the  posterior  margin  of  the 
lower  extremity  of  the  tibia  to  the  inner  surface  of  the  external 
malleolus  and  helps  to  increase  the  extent  of  the  tibio-fibular  arch.  The 
two  bones  are  separated  at  their  extreme  lower  ends,  adjoining  the  ankle, 
by  a  small  articular  interval  which  is  directly  continuous  with  the  cavity 
of  the  ankle-joint  (fig.  171). 

The  ligaments  which  connect  the  tibia  and  fibula  with  the  foot  form 
a  capsular  investment  surrounding  the  joint ;  its  strength,  however,  is  by 
no  means  uniform,  but  varies  considerably  in  its  different  parts.  For 
descriptive  purposes  it  is  subdivided  into  anterior,  posterior,  internal 
lateral  and  external  lateral  ligaments. 

The  Ligaments  of  the  Ankle-joint.— The  anterior  ligament  of  the  ankle-joint  is  a  thin 
membranous  structure  which  is  attached  above  to  the  anterior  aspects  of  the  malleoli  and  to  the 
anterior  border  of  the  lower  extremity  of  the  tibia  ;  it  gains  attachment  below  to  the  rough  upper 
surface  of  the  neck  of  the  astragalus.  By  its  deep  surface  it  is  related  to  a  collection  of  fatty 
tissue  which  separates  it  from  the  synovial  membrane  of  the  joint.  Superficially  it  is  crossed  by 
the  extensor  tendons,  the  anterior  tibial  vessels  and  nerve  and  the  anterior  peroneal  artery. 

The  posterior  ligament  is  the  weakest  of  the  series.  It  is  represented  by  a  number  of 
feeble  and  disconnected  ligamentous  bands  which  pass  from  the  posterior  border  of  the  lower 
extremity  of  the  tibia  and  the  inferior  tibio-fibular  ligament  above  to  the  posterior  aspect  of 
the  astragalus  below.  It  is  crossed  by  the  tendon  of  the  flexor  longus  hallucis  which  helps  to 
strengthen  this  aspect  of  the  articulation. 
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The  internal  lateral  ligament  is  very  strong  and  consists  of  a  distinct  triangular  sheet  of 
ligamentous  fibres.  The  upper  or  apical  extremity  of  the  ligament  is  attached  to  the  anterior 
surface  and  lower  border  of  the  internal  malleolus.  Its  lower  or  basal  extremity  shows  an 
unbroken  line  of  attachment  from  before  backwards  to  the  scaphoid  bone,  the  inner  margin  of 
the  inferior  calcaneo-scaphoid  ligament  and  neck  of  the  astragalus,  the  sustentaculum  tali  and  the 
inner  surface  of  the  astragalus.  This  ligament  is  covered  by  the  tendons  of  the  tibialis  posticus 
and  flexor  longus  digitorum  muscles. 

The  external  lateral  ligament  consists  of  three  distinct  fasciculi,  named  respectively 
anterior,  middle  and  posterior.  The  anterior  fasciculus  extends  from  the  anterior  border  of  the 
external  malleolus  near  its  tip  to  the  outer  surface  of  the  astragalus  in  front  of  its  outer  malleolar 
facet.  The  middle  fasciculus  inclines  obliquely  downwards  and  backwards  from  the  anterior 
border  of  the  external  malleolus  to  a  small  tubercle  on  the  outer  surface  of  the  os  calcis  ;  it  is 
overlaid  by  the  peronei  tendons.  The  posterior  fasciculus  is  deeply  hidden  in  the  fossa  behind 
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FIG.  171.— Vertical  section  through  the  bones  which  enter  into  the  constitution  of  the 
ankle-joint  (Joessel). 

the  malleolus.  Its  fibres  pursue  a  horizontal  direction  and  extend  from  the  bottom  of  the  fossa 
just  mentioned  to  a  small  tubercle  on  the  posterior  aspect  of  the  astragalus  immediately  outside  the 
groove  for  the  flexor  longus  hallucis  tendon.  This  bony  tubercle  is  sometimes  detached  from  the 
astragalus  and  connected  to  it  only  by  ligamentous  tissue  ;  it  is  known  as  the  os  trigonum  tarsi. 

The  synovial  membrane  does  not  present  any  features  of  special  interest.  It  is  rather 
lax  in  front  and  behind  where  it  is  covered  by  the  anterior  and  posterior  ligaments,  and  it  is 
directly  continuous  with  the  membrane  of  the  inferior  tibio-fibular  joint. 


The  Ankle-joint  belongs  to  the  ginglymus  or  hinge  variety  of 
articulation,  and  its  normal  movements  are  those  of  flexion  and  extension. 
In  the  ordinary  erect  attitude  the  leg  is  directed  at  right  angles  to  the 
foot.  In  flexion  the  angle  between  the  two  progressively  diminishes 
until  the  movement  is  checked  by  the  neck  of  the  astragalus  coming 
into  contact  with  the  lower  end  of  the  tibia.  This  movement  is  limited 
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also  by  the  internal  lateral  ligament,  with  the  exception  of  its  anterior 
fibres,  by  the  posterior  and  middle  portions  ot"  the  external  lateral 
ligament  and  by  the  posterior  ligament. 

In  extension — plantar  flexion — the  angle  between  the  foot  and  the 
leg  increases,  the  heel  is  raised  and  the  toes  are  pointed.  The  position 
of  greatest  ease  in  this  joint  is  one  of  moderate  extension.  The  move- 
ment is  checked  by  the  anterior  fibres  of  the  internal  lateral  ligament, 
the  anterior  and  middle  portions  of  the  external  lateral  ligament  and  by 
the  anterior  ligament. 

When  the  foot  is  extended  the  anterior  wider  portion  of  the 
astragalus  glides  out  of  the  socket  formed  by  the  tibia  and  fibula,  and 
from  this  it  might  be  supposed  that  such  an  alteration  in  the  mutual 
relationships  of  the  articular  surfaces  would  tend  to  favour  lateral 
movements  between  the  foot  and  the  leg,  but  such  does  not  appear  to 
be  the  case.  Lateral  movement  at  the  ankle — adduction  and  abduction 
— is  mainly  effected  between  the  tarsal  bones  at  the  calcaneo-astragaloid 
articulation.  Movement  of  the  anterior  tarsal  segment  of  the  foot 
outwards  and  inwards  also  takes  place  at  the  articulations  between  the 
astragalus  and  scaphoid  and  between  the  os  calcis  and  the  cuboid,  viz.,  at 
the  mid-tarsal  articulation  (see  p.  693). 

Fractures  and  Dislocations  at  the  Ankle. — Fractures  of  the  lower 
articular  extremities  of  the  tibia  and  fibula  as  well  as  the  more  common 
forms  of  dislocation  at  the  ankle-joint  are  usually  caused  by  violence 
of  an  indirect  kind.  Nevertheless  such  injuries  are  to  a  large  extent 
prevented  by  the  strength  of  the  lateral  ligaments  of  the  joint,  the 
adaptability  of  the  astragalus  to  the  tibio-fibular  mortise,  and  the  power- 
ful tendons  by  which  the  joint  is  surrounded. 

The  principal  factor  which  determines  these  injuries  is  forcible 
movement  of  the  foot.  For  practical  purposes  movements  of  the  foot 
may  be  classified  as  follows: — (i)  Flexion  and  extension  at  the  ankle- 
joint.  (2)  Abduction  and  adduction  of  the  foot.  In  these  lateral  move- 
ments the  foot  moves  around  an  antero-posterior  axis  and  the  range  of 
movement  which  is  very  limited  takes  place  principally  at  the  articulation 
between  the  astragalus  and  os  calcis.  Movements  of  this  kind  are  checked 
mainly  by  the  lateral  ligaments  of  the  ankle-joint.  (3)  Inversion  and 
aversion  of  the  foot.  These  movements  take  place  around  a  vertical 
axis,  and  are  confined  mainly  to  the  articulations  between  the  anterior 
and  posterior  segments  of  the  tarsus — see  mid-tarsal  joint. 

The  nature  of  the  injury  caused  by  forced  movements  of  the  foot 
will  of  course  vary  greatly  with  their  intensity  and  the  direction  which 
they  take.  In  the  least  serious  cases  nothing  further  happens  than 
partial  rupture  of  one  or  'other  of  the  lateral  ligaments,  i.e.  a  sprain,  but 
one  of  the  malleoli  may  snap  across  if  the  ligaments  succeed  in  with- 
standing the  strain,  without  any  evident  displacement  of  the  articular 
surfaces  taking  place.  Although  in  some  cases  the  nature  of  the  injury 
is  revealed  by  a  certain  degree  of  distortion  at  the  ankle,  yet  this 
evidence  may  be  entirely  wanting.  Consequently  this  form  of  injury  is 
sometimes  alluded  to  as  a  sprain  fracture. 

In  cases  of  a  more  severe  type  fracture  is  combined  with  partial  or 
complete  dislocation  at  the  ankle-joint,  hence  such  injuries  are  sometimes 
designated  dislocation  fractures. 
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Lateral  dislocations  at  the  ankle  are  usually  caused  by  forces  which 
exert  a  powerful  effort  of  abduction  or  adduction  upon  the  foot.  In 
either  case  a  powerful  strain  is  thrown  upon  the  lateral  ligaments  in 
consequence  of  which  they  may  tear  or  a  fracture  of  the  corresponding 
malleolus  may  take  place  instead.  In  connection  with  the  part  played 
by  the  external  malleolus  and  the  particular  injuries  to  which  it  is 
liable  when  the  ankle  is  exposed  to  extreme  violence,  the  following  facts 
are  to  be  noted.  The  lower  part  of  the  shaft  of  the  fibula  and  the 


FIG.  172. — Fracture  of  both  malleoli.     Drawn  from  a  macerated  specimen 
in  the  Surgical  Museum  of  Trinity  College. 

malleolus  may  be  regarded  as  forming  a  lever  of  the  first  order.  The 
inferior  tibio-fibular  ligaments  represent  the  fulcrum,  the  external 
malleolus  the  short  arm,  and  the  lower  three  or  four  inches  of  the  fibular 
shaft  the  long  arm  of  the  lever.  Any  force  which  exerts  a  powerful 
indrawing  effect  upon  the  malleolus  will  tend  to  cause  movement  of  the 
long  arm  of  the  lever  in  the  opposite  direction,  viz.,  away  from  the  tibia, 
and,  conversely,  any  force  which  tends  to  urge  the  malleolus  outwards 
will  have  the  effect  of  approximating  the  lower  part  of  the  fibular  shaft 
to  that  of  the  tibia. 

Dislocation  outwards. — The  form  of  lateral  dislocation  which  takes 
place  at  the  ankle  is  somewhat  peculiar.  The  displacement  which  the 
foot  undergoes  is  rarely  in  the  horizontal  direction,  for  the  obvious 
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reason  that  it  is  prevented  by  the  mortise  formed  by  the  tibio-fibular 
arch.  What  invariably  happens  is  that  the  astragalus  undergoes 
partial  rotation  around  an  antero-posterior  axis,  as  the  result  of  which 
its  upper  articular  surface  inclines  either  outwards  or  inwards  to  an 
abnormal  extent.  The  degree  of  rotation  of  the  astragalus  finds  its 
expression  in  a  more  or  less  pronounced  twist  of  the  foot  in  an  outward 
or  inward  direction.  The  outward  twist  is  much  the  more  common  ; 
the  degree  of  dislocation  is  usually  incomplete,  it  is  associated  as  a 
rule  with  fracture  of  the  lower  extremity  of  the  fibula,  and  sometimes  with 
fracture  of  the  tibia  in  addition.  In  its  most  typical  forms  the  injury 
is  known  as  Pott's  fracture. 

Pott's  Fracture. — The  lesion  which  is  known  by  this  title  is 
usually  the  result  of  forcible  abduction  of  the  foot.  The  astragalus  is 
subjected  to  a  powerful  rotatory  movement,  and  a  great  strain  is 
thrown  upon  the  internal  lateral  ligament  of  the  ankle.  This,  however, 
rarely  gives  way,  but  the  internal  malieolus  very  frequently  snaps  across. 
The  astragalus  presses  against  the  tip  of  the  external  malieolus,  and  the 
inferior  tibio-fibular  ligaments  remaining  intact,  the  lower  part  of  the. 
fibular  shaft  is  bent  inwards  towards  the  tibia  and  breaks  across,  the 
foot  meanwhile  undergoing  a  strong  deflection  outwards.  Pott's 
fracture, is  easily  recognised  by  the  characteristic  deformity.  The  inner 
border  of  the  foot — in  the  erect  attitude — is  directed  to  the  ground 
and  its  outer  edge  is  raised :  the  lower  extremity  of  the  tibia  projects 
prominently  on  the  inner  side,  while  on  the  outer  aspect  of  the  limb 
there  is  a  deep  angular  depression  between  the  foot  and  the  leg,  or 
rather  at  the  site  of  the  fibular  fracture. 

Dupuytren's  Fracture. — In  contrast  with  the  injury  just  described,  in 
which  the  dislocation  of  the  astragalus  is  incomplete,  in  this  case  it  is 
carried  completely  to  the  outer  side  of  the  tibial  articular  surface  and 
upwards  to  a  varying  extent.  The  fibula  is  fractured  from  one  to  three 
inches  above  the  malieolus,  and  its  lower  extremity  parts  company  with 
the  tibia  either  through  the  giving  way  of  the  tibio-fibular  ligaments  or 
by  the  breaking  off  of  the  portion  of  the  lower  end  of  the  tibia  to  which 
the  tibio-fibular  ligaments  are  attached.  The  foot,  in  addition  to  being 
displaced  outwards,  is  drawn  upwards  upon  the  outer  side  of  leg.  The 
lower  extremity  of  the  fibula  retains  its  connection  with  the  astragalus. 

Dislocation  inwards. — The  extreme  rarity  of  inward  dislocation  of 
the  foot  is  probably  accounted  for  by  the  fact  that  for  its  production  an 
extreme  degree  of  force  is  required.  When  the  foot,  as  a  whole,  is 
strongly  adducted  a  powerful  strain  is  thrown  upon  the  external 
lateral  ligament,  as  the  result  of  which  it  may  undergo  partial  or  complete 
rupture,  but  more  frequently  the  malieolus  itself  gives  way  at  its  base, 
viz.,  below  the  attachment  of  the  interosseous  ligament.  It  is  important 
to  note  that  this  injury  may  be  attended  with  little  if  any  deformity  and 
is  apt  to  be  mistaken  for  a  sprain.  The  site  of  the  fibular  fracture  may 
be  somewhat  higher  than  that  just  described,  viz.,  above  the  attachment 
of  the  interosseous  ligament,  and  have  an  oblique  direction  downwards 
and  inwards  to  the  tibia. 

In  more  aggravated  forms  of  this  injury  there  is  usually  considerable 
bruising  of  the  soft  parts  and  laceration  of  the  ligamentous  and  tendinous 
structures  around  the  joint.  In  addition  to  fracture  of  the  fibula,  the 
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internal  malleolus  will  probably  be  detached,  or  there  may  be  an  oblique 
fracture  of  the  lower  extremity  of  the  tibia  extending  into  the  ankle- 
joint,  the  detached  fragment  consisting  of  the  malleolus  and  the  adjoining 
inner  part  of  the  tibial  shaft  (bimalleolar  fracture).  Just  as  in  the  out- 
ward variety  of  dislocation  the  astragalus  undergoes  rotation  around  an 
antero-posterior  axis,  and  the  inner  border  of  its  trochlear  surface  rests 
against  the  under  surface  of  the  tibia. 

The  Treatment  of  Fracture  Dislocations  at  the  ankle  should  be 
carried  out  with  the  greatest  care,  otherwise  a  very  serious  degree  of 
disability  will  be  likely  to  supervene.  In  certain  of  the  injuries  just 
described,  not  only  is  the  integrity  of  the  articular  socket  formed  by  the 
tibia  and  fibula  seriously  impaired,  but  the  foot,  in  addition,  may  be  con- 
siderably deflected,  and  unless  reduction  of  the  deformity  be  effected 
quickly  and  with  accuracy,  the  functional  power  of  the  limb  will  be 
interfered  with  to  a  very  serious  extent.  Supposing  the  fracture  to  be 
associated  with  incomplete  outward  displacement  of  the  foot,  when  the 
individual  attempts  to  stand  or  walk  the  weight  of  the  trunk  will  no 
longer  be  transmitted  vertically  through  the  tibia  and  the  centre  of  the 
ankle-joint  to  the  sole  of  the  foot,  but  will  be  supported  by  the  outer 
part  of  the  tibio-fibular  socket,  and  transferred  from  this  to  the  inner 
border  of  the  foot :  this  is  what  happens  in  a  badly  reduced  Pott's 
fracture.  The  more  the  individual  attempts  to  use  the  limb  under  such 
conditions,  the  more  do  the  deformity  and  resulting  disability  tend  to 
increase,  and,  in  contrast  with  what  one  frequently  observes  in  other 
parts  of  the  body,  no  improvement  can  be  expected  to  take  place  with  the 
advance  of  time. 

Antero-posterior  Dislocations  are  much  less  common  at  the  ankle 
than  the  lateral  varieties  just  described,  and,  contrary  to  what  one  might 
expect  from  the  configuration  of  the  joint — the  tibio-fibular  arch  being 
wider  in  front  than  behind — dislocation  of  the  tarsus  backwards  is  much 
more  common  than  dislocation  in  the  forward  direction.  Backward 
displacement  of  the  foot  is  usually  caused  by  severe  forms  of  violence 
when  the  foot  is  over-extended,  and  it  is  probable  that  in  most  cases  the 
dislocation  is  produced  by  some  sudden  arrest  or  fixation  of  the  foot 
while  the  leg  is  carried  onwards.  Forward  displacement  of  the  foot  is 
all  the  more  likely  to  take  place  if,  at  the  time  of  the  injury,  the  foot  is 
retained  in  the  attitude  of  flexion. 

These  dislocations,  like  the  lateral,  may  be  complete  or  incomplete. 
They  are  associated  with  extensive  tearing  of  the  ligaments,  and  one  or 
both  malleoli  may  be  detached  also. 

Syme's  Amputation  through  the  Ankle-joint. — In  this  amputation, 
which  is  usually  performed  for  advanced  tubercular  disease  of  the  foot, 
a  flap  is  raised  from  the  heel,  and  when  the  foot  has  been  disarticulated 
and  the  malleoli  removed  this  flap  is  brought  into  contact  with  and 
sutured  to  the  tissues  which  have  been  divided  upon  the  anterior  aspect 
of  the  ankle. 

An  all-important  point  in  this  operation  is  to  ensure  the  vitality 
of  the  heel  flap  the  tissues  of  which  are  nourished  mainly  by  the 
internal  calcanean  branches  of  the  posterior  tibial  artery,  and  to  some 
extent  by  the  external  calcanean  branches  of  the  posterior  peroneal 
artery. 
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The  Operation. — The  first  incision  is  made  to  commence  just  below 
and  behind  the  tip  of  the  external  malleolus,  and  from  this  point  it 
extends  vertically  downwards  along  the  outer  aspect  of  the  os  calcis, 
across  the  sole  of  the  foot  and  upwards  to  a  point  on  the  inside 
about  half  an  inch  below  the  internal  malleolus.  The  heel  flap  so 
defined  is  dissected  off  the  plantar  fascia  and  back  to  the  level  of  the 
tuberosities  of  the  os  calcis.  The  second  incision  is  now  made.  It  is 
approximately  at  right  angles  to  the  first  and  connects  the  two 
extremities  of  the  latter  across  the  front  of  the  ankle-joint,  all  the  tissues 
being  divided  down  to  the  bones. 

The  foot  is  now  disarticulated.  In  doing  this  the  anterior,  lateral  and 
posterior  ligaments  are  divided,  and  by  drawing  the  foot  forcibly  forwards 
the  upper  non  articular  aspect  of  the  os  calcis  behind  the  calcaneo- 
astragaloid  articulation  is  brought  into  view.  The  periosteum  covering 
the  upper  and  lateral  aspects  of  the  os  calcis  behind  its  articular  segment 
is  divided  and  forcibly  peeled  off  this  part  of  the  bone,  the  operator 
meanwhile  manipulating  the  foot.  Finally  the  malleoli  are  sawn  off,  but 
the  saw-cut  need  not  necessarily  detach  the  cartilage  covering  the  lower 
aspect  of  the  tibia. 

The  following  vessels  require  ligature  in  Syme's  Amputation. — (i)  The  anterior  tibial 
artery.  It  will  be  found  in  front  at  about  the  centre  of  the  anterior  incision.  The  anterior 
tibial  nerve  which  lies  at  its  outer  side  is  seized  and  cut  short.  The  divided  long  saphenous 
vein  will  be  found  somewhat  in  front  and  to  the  inner  side  of  the  artery.  (2)  The  anterior  peroneal 
artery  which  descends  between  the  tibia  and  fibula  may  also  need  a  ligature.  (3)  The  internal 
and  external  plantar  arteries,  which  are  divided  near  their  origin,  will  be  found  at  the  inner  part  of 
the  heel  flap  and  are  closely  accompanied  by  the  plantar  nerves. 

The  external  saphenous  vein  and  nerve  are  divided  in  the  outer  part  of  the  heel  flap. 

Muscles  divided.  — The  following  muscles  are  divided  in  the  heel  flap  :  externally,  the 
peroneus  longus  and  peroneus  brevis  ;  internally,  the  origin  of  the  abductor  hallucis,  the  tibialis 
posticus,  the  flexor  longus  digitorum  and  the  flexor  longus  hallucis.  In  front,  the  following  are 
divided  from  without  inwards  :  the  peroneus  tertius,  the  extensor  longus  digitorum,  the  extensor 
longus  hallucis  and  the  tibialis  anticus.  The  tendo  Achillis  is  either  divided  close  to  its  insertion 
or  peeled  off  the  os  calcis  with  the  investing  periosteum. 

An  excellent  covering  is  provided  for  the  end  of  the  stump  in  this 
amputation,  and  one  which  is  admirably  suited  to  withstand  pressure. 
Pirogoff  s  amputation,  which  may  be  regarded  as  a  modification  of  that 
of  Syme,  differs  from  the  latter  mainly  in  the  fact  that  portion  of  the  os 
calcis  is  retained  in  the  heel  flap  and  subsequently  brought  into  contact 
with  the  divided  lower  extremities  of  the  tibia  and  fibula. 


THE  FOOT. 

By  its  comparatively  large  size,  its  position  at  right  angles  to  the 
leg,  and  by  virtue  of  the  distinctive  architectural  plan  upon  which  it  is 
constructed,  the  human  foot  provides  a  broad  base  of  support  and  is 
admirably  adapted  to  sustain  the  great  weight  thrown  upon  it  in  stand- 
ing and  progression.  Its  arched  structure,  too,  serves  to  protect  the 
vessels  and  nerves  in  the  plantar  region,  while  by  its  capacity  for  yield- 
ing it  is  instrumental  in  diminishing  the  shocks  transmitted  to  it  in  such 
violent  efforts  as  leaping  and  running.  It  has  been  pointed  out  already 
that  the  hand  is  essentially  an  organ  of  touch  and  of  prehension,  and 
that  its  structural  arrangements  are  such  as  to  endow  it  with  a  remark - 
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able  freedom  of  movement.  In  the  case  of  the  foot,  on  the  other  hand, 
what  is  wanting  in  mobility  is  compensated  for  by  a  great  gain  in 
strength  and  solidity. 

Topography  and  Superficial  Anatomy. — The  general  outline  of  the 
foot  is  triangular  ;  it  is  narrowest  at  the  heel,  but  in  front  of  this  it  pro- 
gressively widens  out  and  diminishes  at  the  same  time  in  general  bulk 
as  it  approaches  the  toes.  Its  dorsal  is  less  extensive  than  its  plantar 
aspect,  the  difference  in  extent  being  mainly  due  to  the  fact  that  the 
upper  aspect  of  the  foot,  corresponding  to  its  posterior  tarsal  segment,  is 
connected  with  the  bones  of  the  leg  and  enters  into  the  constitution  of 
the  ankle-joint. 

The  topographical  relationships  of  the  borders  of  the  foot  possess  a 
considerable  amount  of  interest,  especially  in  connection  with  the 

Flexor  Longus  Hallucis  M. 
1'Tibialis  Posticus  M. 

Flexor  Longus  Dig.  M. 
"  Posterior  Tibial  Vessels. 
!lPosterior  Tibial  N. 


Flexor  Brevis  Hallucis. 
Base  of  First  Metatarsal  Bone. 

Tendon  of  Tibialis  Anticus  M. 


Tendon  of  Tibialis  Posticus  M. 
i  ^     Head  of  Astragalus, 

i         Tubercle  of  Scaphoid  (Navicular)  Bone. 
Abductor  Hallucis  M. 


FIG.  173. — Dissection  of  the  inner  aspect  of  the  ankle  and  foot.  Three  important  bony  land- 
marks are  to  be  noted  here,  viz.,  the  inner  malleolus,  the  head  of  the  astragalus,  and  the 
tubercle  of  the  navicular  or  scaphoid  bone.  Note  also  the  tendons  of  the  tibialis  anticus- 
and  tibialis  posticus  muscles  approaching  their  respective  insertions. 

diagnosis  of  deformities  of  a  congenital  or  acquired  type,  and  the 
performance  of  certain  recognised  surgical  procedures  to  be  noted 
presently. 

The  inner  border  of  the  foot  in  a  well-formed  limb  is  arched  in  the 
antero-posterior  direction  and  only  rests  in  contact  with  the  ground  by 
its  anterior  and  posterior  extremities,  viz.,  the  heel  and  the  ball  of  the 
great  toe.  The  skin  which  covers  this  aspect  of  the  foot  is  thin  and 
delicate,  and  in  many  individuals,  but  more  particularly  in  those  who 
are  the  subjects  of  varicose  veins,  numerous  small  vessels  or  venules 
give  it  a  wavy  or  streaky  appearance  (fig.  168).  By  pressing  with  the 
finger  about  one  inch  in  front  and  slightly  below  the  level  of  the  internal 
malleolus,  and  midway  between  the  dorsal  and  plantar  aspects  of  this 
border  of  the  foot,  a  distinct  prominence  will  be  felt,  viz.,  the  tubercle  of 
the  scaphoid  bone  (fig.  173).  Still  nearer  the  malleolus  another  bony 
prominence  will  be  recognised,  but  most  distinctly  when  the  foot  is 
extended  and  everted  ;  it  corresponds  to  the  head  and  neck  of  the 
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astragalus,  and  becomes  very  pronounced  in  cases  of  the  deformity  known 
as  flat-foot.  The  tubercle  of  the  scaphoid  bone  is  a  most  useful  guide 
in  many  operations  performed  upon  the  foot,  and  it  furnishes  the  principal 
point  of  insertion  for  the  tendon  of  the  tibialis  posticus  muscle.  The 
depression  immediately  below  and  behind  the  tubercle  is  a  certain  guide 
to  the  astragalo-scaphoid  joint,  or  the  articular  interval  which  separates 
the  anterior  from  the  posterior  segment  of  the  tarsus  (fig.  175).  It  is 
at  this  level  that  disarticulation  is  performed  in  the  amputation  of 
Chopart  (p.  698). 

In  front  of  the  scaphoid  the  finger  rests  upon  the  internal  cuneiform, 
which  in  turn  is  succeeded  by  the  first  metatarsal  bone.     The  tendon  of 


External  Malleolus. 
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Extensor  Brevis  Dig.  M. 
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FlG.  174. — Dissection  of  the  outer  aspect  of  the  ankle  and  foot.  Observe  the  peronei  tendons 
curving  beneath  the  external  malleolus,  the  peroneus  brevis  passing  forwards  and  outwards 
to  its  insertion  into  the  projecting  base  of  the  fifth  metatarsal  bone,  and  the  peroneus  longus 
bending  in  order  to  pass  inwards  and  forwards  across  the  sole  to  its  insertion  into  the  base 
of  the  first  metatarsal  bone.  The  arrangement  of  the  anterior  and  external  annular  ligaments 
is  clearly  represented. 

the  tibialis  anticus  muscle  is  easily  recognised  owing  to  the  prominent 
way  in  which  it  stands  out  in  the  act  of  voluntarily  raising  the  inner 
border  of  the  foot  off  the  ground,  and  it  may  be  followed  to  its  insertion 
into  the  contiguous  portions  of  the  internal  cuneiform  and  first  metatarsal 
bone  on  their  plantar  aspect  (fig.  173).  The  head  of  the  first  metatarsal 
bone  is  sometimes  very  prominent,  especially  in  those  cases  in  which  the 
phalangeal  segment  of  the  toe  deviates  outwards  to  an  abnormal  extent 
(Jiallux  valgus).  Such  an  abnormal  relationship  results  in  the  formation 
of  an  unsightly  angular  projection  at  this  part  of  the  foot.  It  is  not 
infrequently  occasioned  by  ill-fitting  boots,  and  is  noticed  also  in 
individuals  suffering  from  chronic  rheumatic  arthritis.  A  bursa  is  wont 
to  develop  over  the  projecting  head  of  the  metatarsal  bone  and  helps  to 
accentuate  the  deformity  ;  this  bursa  corresponds  to  what  is  familiarly 
known  as  a  bunion. 
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The  outer  border  of  the  foot  in  contrast  with  the  inner  is  comparatively 
thin,  its  direction  is  almost  straight,  and  it  rests  in  contact  with  the 
ground  in  its  entire  extent.  Near  the  middle  of  this  border  the  ex- 
amining finger  encounters  a  well-defined  bony  projection  formed  by  the 
base  of  the  fifth  metatarsal  bone  (fig.  174)  which  articulates  with  the 
cuboid.  A  point  situated  on  this  border  of  the  foot  slightly  in  front  of 
the  middle  of  the  interval  separating  the  tip  of  the  external  malleolus 
from  the  metatarsal  projection  will  be  found  to  coincide  with  the  articular 
interval  between  the  os  calcis  and  the  cuboid  (fig.  175) — see  mid-tarsal 
joint,  p.  693. 

The  skin  upon  the  dorsum  of  the  foot  is  very  thin,  but  it  is  much 
less  sensitive  than  that  covering  the  sole.  The  subcutaneous  tissue  in 
this  locality  is  remarkably  loose  in  texture  and  the  skin  in  consequence 
is  quite  freely  movable.  The  dropsical  oedema  which  occurs  in  many 
cases  of  heart  and  renal  disease  is  usually  very  evident  here ;  and 
furthermore,  the  swelling  which  sometimes  is  associated  with  local 
inflammatory  affections  of  the  foot  attains  its  greatest  development  upon 
the  dorsum.  The  veins  on  this  aspect  of  the  foot  are  arranged  in  the 
form  of  a  venous  arch  the  outline  of  which  is  usually  quite  visible, 
especially  when  the  individual  stands  erect.  From  the  extremities  of 
this  arch  the  internal  and  external  saphenous  veins  obtain  their  origins 
respectively  (fig.  168). 

The  tendons  already  noted  upon  the  front  of  the  ankle  may  now  be 
followed  to  their  insertions.  That  of  the  tibialis  anticus  has  just  been 
traced  to  the  base  of  the  first  metatarsal  bone  and  the  contiguous  portion 
of  the  internal  cuneiform  on  its  plantar  aspect.  The  tendon  of  the 
extensor  longus  hallucis  passes  straight  forwards  to  the  dorsal  aspect  of  the 
great  toe,  and  the  tendons  of  the  extensor  longus  digitorum  are  directed 
respectively  to  the  four  outer  toes.  At  the  posterior  part  of  the  dorsum 
of  the  foot  and  upon  its  outer  aspect  the  finger  rests  upon  a  soft  elastic 
mass,  caused  by  the  fleshy  belly  of  the  extensor  brevis  digitorum 
(fig.  174).  This  yielding  muscular  projection  has  on  many  occasions 
been  mistaken  for  an  abscess  as  it  gives  a  distinct  sense  of  fluctuation 
in  the  transverse  direction  :  it  is  impossible,  however,  to  elicit  true  fluctua- 
tion in  the  opposite  direction,  viz.,  in  the  long  axis  of  the  muscle,  and  this 
ready  test  should  always  be  applied  in  case  of  doubt.  The  tendon  of 
the  peroneus  brevis  muscle  which  curves  forwards  beneath  the  external 
malleolus  may  be  followed  to  its  insertion  into  the  projecting  spur  of 
the  fifth  metatarsal  bone. 

The  course  of  the  dorsalis  pedis  artery,  which  is  the  continuation  into 
the  foot  of  the  anterior  tibial,  may  be  indicated  upon  the  surface  by  a 
straight  line  commencing  midway  between  the  two  malleoli  and 
terminating  at  the  posterior  extremity  of  the  first  interosseous  space. 
The  vessel  is  accompanied  on  its  outer  side  by  the  anterior  tibial  nerve, 
and  lies  between  the  innermost  tendon  of  the  extensor  communis 
digitorum  muscle  and  that  of  the  extensor  longus  hallucis. 

The  sole  of  the  foot  presents  a  triangular  outline,  and  is  hollowed  out 
to  a  considerable  extent  along  its  inner  border.  The  parts  which  rest 
upon  the  ground  as  the  individual  stands,  and  support  the  super- 
incumbent weight,  are  the  heel,  the  ball  of  the  great  toe  and  the  outer 
border  of  the  sole  along  its  entire  length.  The  skin  overlying  these 
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portions  of  the  foot  is  thick,  and  the  epidermis  which  covers  them  is 
remarkably  thick  also  and  often  horny  in  character.  The  remainder  of 
the  plantar  integument  is  thin,  smooth,  and  highly  endowed  with 
sensibility,  and,  as  in  the  case  of  the  palm  of  the  hand,  it  contains  great 
numbers  of  sweat  glands. 

The  subcutaneous  tissue  upon  this  aspect  of  the  foot  is  dense,  in 
which  respect  it  resembles  that  already  noted  in  the  scalp  and  in  the 
palm  of  the  hand.  Its  density  is  due  to  the  abundance  of  fibrous  septa 
by  which  it  is  traversed,  and  which  circumscribe  loculi  containing  small 
pellets  of  fat.  This  tissue  is  tough  and  elastic,  it  is  powerfully  reinforced 
by  the  strong  central  portion  of  the  plantar  fascia  and  is  admirably 
adapted  to  withstand  pressure.  The  thickness  of  this  subcutaneous 
stratum  is  greatest  beneath  those  parts  of  the  foot  which  come  into 
direct  contact  with  the  ground. 

THE  BONES  AND  ARTICULATIONS  OF  THE  FOOT.-The  bones  of  the 
tarsus  are  connected  by  powerful  dorsal,  plantar,  and  interosseous  ligaments,  and  these  again  are 
reinforced  by  the  tendons  of  certain  of  the  muscles  which  obtain  insertion  into  the  bones  of  the 
foot,  notably  those  of  the  peroneus  longus  and  tibialis  posticus. 

The  following  tarsal  articulations  are  to  be  noted  : — 

(1)  The  articulation  between  the  os-calcis  and  the  astragalus.     These  two  bones  constitute 
the  posterior  segment  of  the  tarsus. 

(2)  The  articulations  (a)  between  the  scaphoid  and  the  three  cuneiform  bones,  (i>)  between 
the  three  cuneiform  bones  themselves,  and  (c)  between  the  external  cuneiform  and  cuboid  bones. 
These  bones  collectively  constitute  the  anterior  segment  of  the  tarsus. 

(3)  The  articulation  between  the  head  of  the  astragalus  and  the  scaphoid,  and  that  between 
the  anterior  extremity  of  the  os-calcis  and  the  cuboid.     This  double  articulation  connecting  the 
two  segments  of  the  tarsus  is  usually  known  as  the  mid-tarsal  joint. 

The  Calcaneo-astragaloid  Articulation. — The  articulation  between  the  under  surface  of 
the  astragalus  and  the  upper  articular  surface  of  the  os  calcis  consists  of  two  parts,  viz. ,  an  anterior 
and  a  posterior,  which  are  quite  distinct  from  each  other.  The  anterior  calcaneo-astragaloid 
articulation,  however,  is  continuous  in  front  with  that  between  the  head  of  the  astragalus  and  the 
scaphoid.  These  articulations  are  separated  by  the  powerful  interosseous  calcaneo-astragaloid  liga- 
ment which  fills  up  the  obliquely  directed  tunnel  passing  between  the  bones.  This  ligament  is 
the  main  bond  of  union  between  the  os  calcis  and  the  astragalus.  The  remaining  ligaments 
(calcanco-astragaloid)  invest  the  articulation  on  its  peripheral  aspect,  viz.,  on  the  outer,  posterior 
and  inner  aspects  of  the  bones,  and  are  comparatively  weak.  To  some  extent,  they  are  reinforced 
by  the  internal  and  external  lateral  (mid-fasciculus)  ligaments  of  the  ankle-joint. 

The  Anterior  Tarsal  Articulations. — The  bones  belonging  to  the  anterior  segment  of  the 
tarsus  are  maintained  in  their  normal  positions  by  strong  plantar,  dorsal  and  interosseous 
ligaments.  Furthermore,  the  plantar  ligaments  connecting  these  bones  are  largely  reinforced  by 
slips  derived  from  the  tendon  of  insertion  of  the  tibialis  posticus  muscle. 

The  Mid-Tarsal  Joint  —  (i)  The  Astragalo-scaphoid  Articulation  (fig.  175)  is  of  the  ball- 
and-socket  variety  ;  in  it,  the  convex  head  of  the  astragalus  articulates  with  the  concave  facet  on 
the  posterior  aspect  of  the  scaphoid  bone,  and  the  lower  aspect  of  the  head  of  the  astragalus 
articulates  with  the  inferior  calcaneo- scaphoid  ligament.  As  just  stated,  this  articulation  is  con- 
tinuous with  the  anterior  calcaneo-astragaloid. 

The  following  ligaments  have  to  be  considered,  (a)  The  external  calcaneo-scaphoid  ligament. 
This  ligament  extends  from  the  anterior  tuberosity  of  the  os  calcis,  just  outside  the  facet  for  the 
astragalus,  to  a  groove  on  the  outer  aspect  of  the  scaphoid  bone  near  its  posterior  border,  (b) 
The  inferior  calcaneo-scaphoid  ligament.  This  highly  important  ligament  is  somewhat  triangular 
in  shape  and  possesses  great  strength.  Its  basal  margin  corresponds  to  the  inner  border  of  the 
foot  and  becomes  fused  with  the  anterior  fibres  of  the  internal  lateral  ligament  of  the  ankle.  Its 
outer  apical  portion  occupies  the  angle  between  the  scaphoid  and  the  cuboid  and  fuses  with  the 
external  calcaneo-scaphoid  ligament.  It  is  attached  in  front  to  the  scaphoid  immediately  beneath 
its  posterior  articular  surface,  and  behind  it  is  fixed  to  the  anterior  border  of  the  sustentaculum 
tali.  By  its  lower  aspect  it  has  a  direct  relationship  to  the  tendon  of  the  tibialis  posticus,  and  is 
strongly  supported  by  it.  (c)  The  astragalo-sc'aphoid  ligament  extends  from  the  neck  of  the 
astragalus  to  the  whole  length  of  the  dorsal  surface  of  the  scaphoid,  and  fuses  by  its  outer  ex- 
tremity with  the  external  calcaneo-scaphoid  ligament. 

(2)  The  Calcaneo  cuboid  Articulation.— In  this  articulation  the  opposing  bony  surfaces 
present  a  concavo-convex  outline  and  are  reciprocally  adapted  to  each  other.  The  following 
ligaments  surround  it.  (a)  The  internal  calcaneo-cuboid  or  interosseous  ligament  extends  from 
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the  upper  aspect  of  the  anterior  tuberosity  of  the  os  calcis  where  it  is  closely  related  to  the 
external  calcaneo-scaphoid  ligament  to  the  inner  aspect  of  the  cuboid  bone  and  the  intermediate 
rough  area  between  its  internal  and  plantar  surfaces.  This  ligament  and  the  adjoining  external 
calcaneo-scaphoid  are  arranged  somewhat  in  the  form  of  the  letter  Y,  and  are  sometimes 
described  together  as  the  interosseous  ligament  of  the  mid-tarsal  joint,  subdividing  it  into 
two  secondary  cavities.  (b)  The  dorsal  calcaneo-cuboid  ligament  stretches  between  the  two 
bones  on  their  dorsal  aspect,  (c)  The  inferior  calcaneo-cuboid  ligaments  are  two  in  number 
and  are  usually  alluded  to  as  the  long  and  short  plantar  ligaments. 

The  Long  Plantar  ligament  is  a  very  powerful  structure  which  stretches  along  the  entire 
extent  of  the  under  surface  of  the  os  calcis  in  front  of  its  posterior  tuberosities  to  the  ridge  on 
the  plantar  aspect  of  the  cuboid  bone  immediately  behind  the  peroneal  groove.  Some  fibres  are 
continued  over  the  groove  and  are  attached  to  the  bases  of  the  second,  third  and  fourth  metatarsal 
bones. 

The  Short  Plantar  ligament  stretches  between  the  tubercle  on  the  under  surface  of  the 
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FIG.  175. — The  synovial  cavities  of  the  ankle  and  tarso-metatarsal  joints. 

os  calcis  close  to  its  anterior  extremity,  and  the  contiguous  part  of  the  plantar  surface  of  the 
cuboid  behind  the  oblique  ridge  ;  it  is  concealed  by  the  long  plantar  ligament,  and  some  fatty 
tissue  intervenes  between  the  two. 

The  Tarso-metatarsal  Articulations. — The  base  of  the  first  metatarsal  bone  articulates 
with  the  internal  cuneiform,  the  two  bones  being  connected  by  a  complete  capsular  ligament, 
which  is  most  strongly  developed  on  its  plantar  aspect. 

The  second  and  third  metatarsal  bones  articulate  respectively  by  their  bases  with  the  middle 
and  external  cuneiform  bones  ;  the  second  metatarsal  in  addition  articulates  by  its  inner  aspect 
with  the  internal  cuneiform  bone  (fig.  175),  and  the  opposed  surfaces  are  connected  by  an 
intero'seous  ligament  (ligament  of  Lisfranc).  Another  interosseous  ligament  connects  the 
outer  aspect  of  the  base  of  this  bone  with  the  projecting  anterior  part  of  the  external  cuneiform 
bone.  These  metatarsal  and  cuneiform  bones  are  connected  by  dorsal  and  plantar  ligaments, 
the  latter  being  reinforced  by  slips  from  the  tendon  of  the  tibialis  posticus  muscle. 

The  fourth  and  fifth  metatarsal  bones  articulate  by  their  bases  with  the  cuboid  bone  ;  the 
inner  border  of  the  fourth  articulates  also  with  a  narrow  marginal  facet  on  the  external  cuneiform 
bone.  The  opposing  articular  surfaces  are  maintained  in  contact  by  means  of  dorsal  and  plantar 
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ligaments,  the  latter  of  which  are  reinforced,  to  some  extent,  by  an  extension  from  the  long 
plantar  ligament. 

An  interosseous  ligament  connects  the  inner  margin  of  the  base  of  the  fourth  metatarsal  with 
the  contiguous  border  of  the  external  cuneiform  bone,  and  another  interosseous  ligament  binds 
together  the  bases  of  the  third  and  fourth  metatarsal  bones. 

The  Synovial  Cavities  of  the  Tarsus  and  Metatarsus  are  six  in  number  and  correspond 
to  the  following  articulations  (fig.  175).  (i)  The  posterior  calcaneo-astragaloid  articulation. 
(2)  The  calcaneo-cuboid  articulation.  (3)  The  astragalo-calcaneo-scaphoid  articulation.  (4)  The 
anterior  tarsal  synovial  cavity.  This  extensive  cavity  presents  a  very  irregular  outline  ;  it 
extends  between  the  scaphoid  and  the  three  cuneiform  bones,  between  the  cuneiform  bones  them- 
selves, and  between  the  external  cuneiform  and  the  cuboid.  It  is  continued  forwards  also 
between  the  middle  and  external  cuneiform  bones  and  the  bases  of  the  second  and  third 
metatarsal  bones.  Extensions  of  this  cavity  also  exist  between  the  contiguous  surfaces  of  the 
bases  of  the  second,  third  and  fourth  metatarsal  bones.  (5)  The  articulation  between  the 
first  metatarsal  bone  and  the  internal  cuneiform.  (6)  The  articulation  between  the  caboid  bone 
and  the  bases  of  the  fourth  and  fifth  metatarsal  bones. 

The  arched  structure  of  the  foot. — The  clearest  perception  of  its 
arched  structure  will  be  obtained  by  examining  a  well-shaped  foot  from 
which  the  tissues  have  been  removed,  the  bones  still  remaining  connected 
by  their  ligaments.  It  is  desirable  also  that  the  tendon  insertions  should 
be  preserved. 

In  such  a  specimen  a  well-defined  arch  will  be  seen  extending  from  before 
backwards,  and  a  less  highly  developed  arch  will  be  observed  crossing  the 
foot  from  side  to  side.  The  nature  and  extent  of  the  longitudinal  arch 
are  rendered  most  evident  by  placing  the  foot  resting  against  a  plane 
surface.  Its  depth  and  its  antero-posterior  length  are  both  greatest 
along  the  inner  border  of  the  foot,  but  from  this  outwards  its  dimensions 
progressively  diminish,  with  the  result  that  at  the  outer  border  of  the 
foot  the  arched  appearance  has  almost  entirely  disappeared.  The 
posterior  pillar  of  this  arch  consists  of  the  os  calcis  and  the  astragalus, 
both  together  forming  the  posterior  tarsal  segment.  The  anterior  pillar 
of  the  arch  is  constituted  by  the  anterior  segment  of  the  tarsus  and  the 
metatarsus  as  a  whole,  nevertheless  it  may  be  divided  into  two  parts, 
viz.,  an  inner  and  an  outer.  The  inner  portion  consists  of  the  scaphoid 
and  the  three  cuneiform  bones,  with  the  first,  second  and  third  metatarsal 
bones  ;  the  outer  portion  consists  of  the  cuboid  and  the  fourth  and  fifth 
metatarsal  bones.  The  bones  of  the  anterior  segment  of  the  tarsus  with 
their  multiple  articulations,  interposed  as  they  are  between  the  posterior 
tarsal  segment  behind  and  the  metatarsus  in  front,  are  evidently  intended 
to  break  up  and  to  distribute  the  powerful  shocks  to  which  the  foot  is  so 
frequently  subjected. 

The  transverse  arch  of  the  foot  owes  its  existence  essentially  to  the 
wedge-shaped  formation  of  certain  of  its  bones,  especially  the  middle  and 
external  cuneiform  and  the  second,  third  and  fourth  metatarsal  bones ; 
these  have  their  broad  extremities  directed  towards  the  dorsum  and 
their  narrow  edges  towards  the  plantar  aspect  of  the  foot. 

In  maintaining  the  arches  of  the  foot,  the  ligaments  proper  of  the 
tarsus  and  metatarsus,  but  more  particularly  the  inferior  calcaneo- 
scaphoid  and  the  long  and  short  plantar  ligaments,  are  powerfully 
reinforced  by  the  strong  plantar  fascia  which,  like  a  tense  cord, 
stretches  from  one  extremity  of  the  arch  to  the  other,  and  also  by  the 
tendons  of  certain  of  the  muscles  of  the  leg,  viz.,  those  of  the  tibialis  anticus, 
tibialis  posticus,  flexor  longus  digitorum,  flexor  longus  hallucis  and  the 
peronei.  In  contrast  with  the  ligamentous  apparatus  just  alluded  to, 
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which  is  entirely  a  passive  agent,  these  muscles  take  an  active  part  and 
are  indispensable  for  the  maintenance  of  the  proper  shape  of  the  foot. 
Owing  to  the  elastic  properties  of  the  ligamentous  apparatus  the  arches 
flatten  out  to  some  extent  when  the  foot  has  to  sustain  a  heavy  weight, 
but  when  the  weight  is  removed  they  immediately  regain  their  original 
shape;  in  doing  so,  there  can  be  no  doubt  that  the  elasticity  of  the 
ligaments  is  to  a  large  extent  reinforced  by  the  tonic  contraction  of  the 
muscles  just  named. 

It  is  frequently  stated  that  the  astragalus  forms  the  key-stone  of  the 
antero-posterior  arch  of  the  foot,  but  this  is  not  quite  the  case.  The 
shape  of  this  bone  does  not  resemble  that  of  a  key-stone.  The  under 
surface  of  a  true  key-stone  is  free,  but  in  the  case  of  the  astragalus  the 
greater  part  of  its  under  surface  rests  upon  the  os  calcis  and  is  closely 
connected  with  it  by  the  strong  interosseous  calcaneo-astragaloid  ligament. 


Scaphoid  Bone... 
Internal  Cuneiform. 
First  Metatarsal  Bone.  • 


Flexor  Longus  Hallucis  M. 
Tendo  Achillis. 

Sustentaculum  tali. 
Os  calcis. 


Sesamoid  Bone.  , 

Tendon  of  Flexor  Longus  Hallucis  M. 


Plantar  Fascia. 
Internal  Plantar  Art. 
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Tendon  of  Flexor  Longus  Hallucis  M.     inferior  Calcaneo-scaphoid  Ligament. 


FIG.  176.— Longitudinal  section  through  the  foot  and  ankle.     This  figure  gives  a  good  repre- 
sentation of  the  bones  which  enter  into  the  formation  of  the  antero-posterior  arch  of  the  i 

These  two  bones  are  to  be  considered  rather  as  forming  the  posterior 
pillar  of  the  arch. 

In  the  standing  attitude,  with  the  foot  at  right  angles  to  the  leg,  the 
weight  transmitted  from  above  through  the  tibia  is  transferred  from  it  to 
this  posterior  pillar,  and  from  the  astragalus  the  line  of  force  is  directed 
for  the  most  part  downwards  and  inwards  to  the  inner  border  of  the  foot. 
A  large  part  of  the  weight,  however,  is  transferred  from  the  astragalus 
to  the  os  calcis,  and  consequently  this  bone  is  subjected  to  a  great  strain. 

The  strain  thrown  upon  the  anterior  part  of  the  astragalus  is  trans- 
ferred to  the  scaphoid  and  cuneiform  bones,  viz.,  to  the  inner  pillar  of  the 
anterior  segment  of  the  arch.  Some  of  the  strain  upon  the  os  calcis  is 
transferred  from  its  anterior  part  to  the  cuboid,  viz.,  to  the  outer  pillar 
of  the  anterior  segment  of  the  arch.  The  outer  border  of  the  foot  in 
consequence  is  made  to  press  firmly  against  the  ground,  and  in  this  way 
it  doubtless  plays  the  part  of  a  stay  to  the  inner  and  more  elevated 
segment  of  the  arch. 

Owing  to  the  fact  that  the  line  of  force  is  directed  from  the  leg 
towards  the  inner  aspect  of  the  foot  there  is  a  tendency  for  the  head  of 
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the  astragalus  and  the  internal  malleolus  to  approach  the  ground.  At 
the  same  time  the  outer  part  of  the  foot  is  slightly  raised  and  a  certain 
degree  of  eversion  takes  place  at  the  mid-tarsal  joint ;  in  other  words, 
there  is  a  tendency  for  the  foot  to  assume  a  valgus  position.  This  is 
prevented,  however,  mainly  by  the  unyielding  ligaments  and  the  energetic 
bracing  effect  of  the  leg  muscles. 

The  movements  which  are  permitted  between  the  tarsal  bones  have 
a  very  limited  range,  they  are  mainly  of  a  gliding  character  and  give 
elasticity  to  the  tread  in  walking.  It  is  remarkable  nevertheless  to  what 
a  small  extent  the  function  of  the  foot  is  impaired  when  certain  of  its 
bony  parts  have  been  removed.  The  astragalus  may  be  taken  away 
completely  without  causing  any  very  marked  disability.  The  scaphoid, 
internal  and  middle  cuneiform  and  the  head  of  the  astragalus  have  been 
resected  with  a  remarkably  good  result  (Watson  Cheyne).  Such  cases 
are  no  doubt  attended  by  a  considerable  loss  of  elasticity,  but  the  foot 
still  retains  its  firmness  and  stability. 

The  parts  which  it  is  undesirable  to  interfere  with  are  the  os  calcis 
(heel)  and  the  metatarsal  segment  of  the  foot,  more  especially  the  ball 
of  the  great  toe,  indeed  it  is  of  the  utmost  importance  to  preserve  these 
parts  in  all  partial  resections  of  the  foot.  Excision  of  the  os  calcis  is 
sometimes  performed  for  disease,  but  whenever  it  is  possible  a  less 
radical  procedure  is  to  be  preferred,  viz.,  enlarging  sinuses  and  gouging 
away  those  parts  of  the  bone  which  are  obviously  in  a  carious  state. 
Loss  of  the  os  calcis  is  a  very  serious  matter  owing  to  its  importance  as 
a  basis  of  support,  and  in  view  of  the  fact  that  it  provides  a  large  surface 
for  the  attachment  of  ligaments  and  muscles. 

Disease  of  the  Tarsus. — The  course  of  pathological  processes 
affecting  the  foot  is  rendered  very  instructive  when  considered  in  connec- 
tion with  the  normal  anatomy  of  the  part.  Tubercular  disease  of  the 
foot  is  comparatively  common  and  usually  appears  in  the  form  of  a 
rarefying  osteitis  (caries)  in  one  or  other  of  the  bones.  It  would  appear, 
however,  that  the  parts  of  the  foot  which  are  most  subject  to  disease  are 
those  which  have  to  bear  the  greatest  strain,  and  consequently  the  follow- 
ing bones,  in  the  order  in  which  they  are  given,  are  found  to  be  most 
frequently  the  seat  of  primary  disease :  the  os-calcis,  the  base  of  the 
first  metatarsal  bone,  the  astragalus,  the  cuboid,  the  scaphoid  and  the 
three  cuneiform  bones. 

As  the  disease  advances,  it  is  very  liable  to  involve  the  neighbouring 
articulations.  From  the  os  calcis  it  may  spread  to  the  calcaneo-astraga- 
loid  or  calcaneo-cuboid  articulation.  From  the  astragalus  it  may  extend 
downwards  and  forwards  to  the  astragalo-calcaneo-scaphoid  articula- 
tion, downwards  and  backwards  to  the  posterior  calcaneo-astragaloid 
articulation  or  upwards  to  the  ankle-joint. 

Disease  originating  primarily  in  the  scaphoid  bone  is  serious  as  it  is 
very  liable  to  involve  the  articulations  of  the  anterior  segment  of  the 
tarsus. 

The  signs  of  tarsal  disease,  but  more  particularly  when  the  anterior 
tarsal  region  is  attacked,  are  usually  most  marked  upon  the  dorsum  and 
sides  of  the  foot,  as  these  parts  are  rather  thinly  covered.  In  advanced 
cases,  the  foot  presents  a  clubbed  appearance.  The  heel  behind  and  the 
toes  in  front  are  practically  unaltered,  but  the  intervening  district  is 
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greatly  swollen  ;  the  tissues  covering  the  dorsum  have  a  glazed  appear- 
ance and  are  probably  studded  with  sinuses.  The  tissues  of  the  sole 
are  but  slightly  affected  in  many  cases. 

Tubercular  disease  of  the  tarsal  bones  and  the  adjoining  synovial 
cavities  is  sometimes  complicated,  and  its  treatment  rendered  very  difficult 
by  extension  of  the  process  to  the  synovial  sheaths  of  the  tendons, 
especially  those  of  the  tibial  muscles  and  the  peronei. 

Amputation  through  the  Mid-Tarsal  Joint  (Chopart). — The 
articular  interval  between  the  two  segments  of  the  tarsus  presents  a 
concavo-convex  outline  which  is  very  evident  when  the  tarsus  is  viewed 
from  the  dorsum  (fig.  175).  Internally  its  level  corresponds  to  a  point 
immediately  behind  the  tubercle  of  the  scaphoid  bone ;  externally  its 
level  will  be  indicated  by  a  point  on  the  outer  border  of  the  foot  a 
finger's-breadth  behind  the  prominent  base  of  the  fifth  metatarsal  bone. 
The  operation  consists  in  raising  two  flaps,  a  dorsal  and  a  plantar — the 
latter  being  much  the  longer  of  the  two — and  disarticulating  at  the  joint 
line. 

The  dorsal  flap  is  very  short.  Its  outline  is  defined  by  an  incision 
which  commences  on  each  side  at  the  points  just  defined,  and  having 
followed  the  border  of  the  foot  for  a  short  distance,  sweeps  across  the 
dorsum  at  the  level  of  the  bases  of  the  metatarsal  bones.  The  plantar 
flap  commences  also  behind  at  the  level  of  the  articulation,  and  is 
mapped  out  by  an  incision  which  follows  the  border  of  the  foot  on  each 
side  and  crosses  the  sole  opposite  the  centre  of  the  metatarsus.  In  both 
flaps  all  the  tissues  are  divided  down  to  the  bones.  It  is  customary  to 
raise  the  plantar  flap  first ;  the  dorsal  flap  is  the'n  defined  and  raised, 
and  finally  the  disarticulation  is  effected  by  passing  the  knife  into  the 
joint  immediately  behind  the  tubercle  of  the  scaphoid  bone  and 
progressively  dividing  the  ligaments  from  within  outwards.  By  com- 
mencing the  disarticulation  at  the  inner  border  of  the  foot  the  ankle- 
joint  is  more  certainly  protected  from  harm. 

Structures  divided  in  Chopart's  Amputation. — (i)  In  the  dorsal  flap. — In  addition  to 
the  integument  and  superficial  tissues,  with  which  are  included  the  dorsal  veins,  the  two 
saphenous  nerves,  and  the  musculo-cutaneous  nerve,  the  following  muscles  are  divided,  viz., 
the  tendons  of  the  extensor  communis  digitorum,  extensor  brevis  digitorum,  extensor  longus 
hallucis,  tibialis  anticus,  peroneus  tertius  and  peroneus  brevis.  The  anterior  tibial  nerve  and 
the  dorsalis  pedis  artery  are  divided  together  immediately  behind  the  first  interosseous  space. 

(2)  In  the  plantar  flap  are  included  the  integument,  the  subcutaneous  tissue  and  the  plantar 
fascia,  also  the  following  muscles  :  abductor  hallucis,  flexor  brevis  digitorum,  abductor  minimi 
•digiti,  flexor  accessorius,  flexor  brevis  hallucis,  flexor  brevis  minimi  digiti,  transversus  pedis,  the 
tendons  of  the  flexor  longus  digitorum,  flexor  longus  hallucis,  tibialis  posticus  and  peroneus 
longus.  The  plantar  vessels  and  nerves  are  also  divided  and  raised  in  the  flap.  The  ligaments 
which  are  severed  in  the  disarticulation  have  been  already  indicated  (p.  693). 

The  result  of  this  operation  is  not  altogether  satisfactory,  mainly  owing 
to  the  tendency  which  the  calf  muscles  have  to  raise  the  heel.  In  conse- 
quence of  this,  pressure  is  brought  to  bear  upon  the  anterior  extremity 
of  the  stump  which  is  ill-adapted  to  support  the  superincumbent  weight. 

Amputation  of  the  Metatarsus  (Lisfranc). — Another  amputation  of 
the  foot  closely  resembling  the  above  is  that  which  is  associated  with  the 
name  of  Lisfranc,  and  in  which  disarticulation  is  effected  between  the 
tarsus  and  metatarsus.  Flaps  very  similar  in  length  to  those  just 
described  are  raised.  The  dorsal  incision  extends  from  a  point  on  the 
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inner  border  of  the  foot,  just  behind  the  base  of  the  first  metatarsal  bone, 
forwards  for  about  half  an  inch,  and  then  across  the  metatarsus  to  a  point 
on  the  outer  border  of  the  foot  just  behind  the  base  of  the  fifth  meta- 
tarsal bone.  The  plantar  flap,  which  is  much  the  longer,  reaches  forwards 
close  to  the  webs  of  the  toes.  As  the  tissues  divided  in  both  flaps  closely 
correspond  to  those  just  enumerated  in  connection  with  Chopart's 
amputation,  it  is  not  necessary  to  enter  upon  a  recapitulation. 

The  principal  point  of  anatomical  interest  in  this  amputation  is  that 
relating  to  the  disarticulation  of  the  metatarsus.  The  line  of  the  tarso- 
metatarsal  articulations  extends  obliquely  from  within  outwards  and 
backwards  across  the  foot,  with  a  slight  convexity  forwards.  Its  general 
direction  is  not  regular  but  describes  a  somewhat  zigzag  course.  This 
irregularity  mainly  depends  upon  the  backward  extension  of  the  base 
of  the  second  metatarsal  bone  between  the  internal  and  external  cunei- 
form bones.  The  articular  interval  between  the  three  outer  metatarsal 
bones  and  the  tarsus  is  fairly  regular  and  is  readily  followed  by  the 
point  of  the  knife.  The  articulation  between  the  base  of  the  first  meta- 
tarsal bone  and  the  internal  cuneiform  is  approximately  transverse,  and 
it,  too,  is  readily  opened.  The  difficulty  encountered  in  disarticulating 
the  second  metacarpal  bone  is  caused  by  the  firm  ligamentous  band 
(ligament  of  Lisfranc)  which  connects  it  with  the  adjoining  surface  of 
the  internal  cuneiform  ;  it  is  best  divided  by  introducing  the  point  of  the 
knife  vertically  between  the  bones.  When  the  metatarsus  has  been 
removed  it  will  be  found  that  the  internal  cuneiform  bone  projects 
rather  prominently  on  the  inside.  In  Hey's  amputation  the  projecting 
anterior  part  of  this  bone  is  sawn  off. 

Instead  of  disarticulating  in  the  manner  just  described,  an  alternative 
procedure  consists  in  sawing  across  the  metatarsal  bones  close  to  their 
bases  (Cooper).  This  has  the  advantage  of  leaving  the  large  anterior 
synovial  cavity  of  the  tarsus  unopened  (see  p.  695),  and  it  preserves  the 
insertions  of  certain  important  muscles,  viz.,  those  of  the  peroneus 
brevis  and  peroneus  tertius  into  the  fifth  metatarsal  bone,  and  the 
insertion  of  the  peroneus  longus  and  part  of  that  of  the  tibialis  anticus 
into  the  first  metatarsal  bone. 

Fractures  of  the  Os  Calcis. — The  os  calcis  is  more  frequently  the 
seat  of  fracture  than  any  of  the  remaining  bones  of  the  tarsus.  It  is 
usually  broken  in  the  act  of  falling  or  jumping  from  a  height  and 
alighting  on  the  heel.  The  form  of  fracture  produced  in  this  way  is 
almost  invariably  comminuted  ;  a  good  example  is  illustrated  in  fig.  I77A- 
An  interesting  fact  in  connection  with  these  cases  is,  that  even  with 
extensive  comminution  the  degree  of  deformity  is  not  necessarily 
marked,  and  it  may  be  quite  impossible  to  elicit  crepitus.  The  explana- 
tion of  these  facts  is  to  be  found,  no  doubt,  in  the  density  of  the  tissues 
investing  the  bone,  especially  on  its  plantar  aspect,  and  which  remain 
untorn.  In  some  cases  the  presence  of  a  comminuted  fracture  of  the 
os  calcis  is  indicated  by  a  diminution  of  the  vertical  and  a  slight 
increase  in  the  transverse  diameter  of  the  heel.  There  is  usually 
extensive  ecchymosis  of  the  surrounding  skin. 

Fracture  of  the  os  calcis  by  muscular  action  is  a  somewhat  rare  injury. 
The  posterior  segment  of  the  bone — it  may  be  a  mere  scale — is  detached 
in  these  cases  by  the  forcible  contraction  of  the  calf  muscles,  viz.,  the 
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gastrocnemius  and  soleus  (fig.  1773).  The  detached  fragment  may  subse- 
quently undergo  a  considerable  degree  of  upward  displacement. 

Fracture  of  the  sustentaculum  tali  has  been  described  (Abel);  it  must 
be  considered,  however,  a  very  rare  form  of  injury. 

Talipes  or  Club-Foot. — The  deformities  of  the  foot  which  are 
collectively  grouped  under  the  heading  of  talipes  are  of  a  permanent 
nature,  their  essential  feature  being  that  the  foot,  instead  of  meeting  the 


FIG.  177. — Fractures  of  the  os  calcis.  (a)  comminuted  fracture — fracture  par  tcrasement ; 
(6)  fracture  of  the  great  tuberosity  caused  by  muscular  action — fracture  par  arrachement. 
Drawn  from  specimens  in  the  Surgical  Museum  of  Trinity  College. 

leg  at  a  right  angle  and  transmitting  the  superincumbent  weight  to  the 
ground  in  the  manner  already  described,  deviates  from  this  attitude  in 
different  directions.  These  deformities  vary  considerably  in  their  origin  ; 
in  a  large  percentage  of  cases  they  are  congenital  and  are  present  at 
birth,  but  nevertheless  a  considerable  proportion  are  of  an  acquired 
nature,  i.e.  appear  at  various  periods  subsequent  to  birth.  Cases  coming 
under  this  latter  category  are  usually  the  result  of  infantile  paralysis, 
spastic  conditions  of  certain  muscles,  myositis  followed  by  permanent 
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shortening  of  the  affected  muscles,  contracting  cicatrices,  or  certain  forms 
of  disease  of  the  ankle-joint. 

There  are  four  simple  forms  of  talipes,  viz.,  T.  Equinus ;  T. 
Calcaneus ;  T.  Valgus ;  T.  Varus.  Combinations  of  these,  however, 
are  very  common. 

Talipes  Equinus. — In  this  deformity  the  foot  is  over-extended  at 
the  ankle,  the  heel  is  drawn  up  and  the  balls  of  the  toes  come  into 
contact  with  the  ground,  and  in  walking  the  toes  form  a  right  angle 
with  the  foot.  In  aggravated  cases  the  foot  may  almost  form  a  straight 
line  with  the  leg.  The  tendo  Achillis  is  tense  and  unyielding,  and 
prevents  the  foot  being  placed  squarely  on  the  ground.  Contraction  of 
the  plantar  fascia  very  often  occurs  secondarily  ;  it  leads  to  an  accentua- 
tion of  the  dorsal  convexity  of  the  foot  and  a  deep  excavation  of  the 


Internal  Malleolus. 
t 

Scaphoid  or  Navicular  Bone. 
Three  cuneiform  Bones. 


External  Malleolus. 


Head  of  the  Astragalus. 
Os  calcis. 


Cuboid  Bone. 


FIG.  178. — The  bones  of  the  leg  and  foot,  demonstrating  the  deformity  associated  with  talipes 
equino-varus — from  a  dried  museum  specimen,  Trinity  College,  Dublin. 

sole  (talipes  cavus}.  Talipes  equinus  occurring  without  any  other 
deformity  of  the  foot  is  usually  of  an  acquired  nature. 

Talipes  Calcaneus. — This  is  a  rare  form  of  talipes,  and  is  usually 
secondary  to  infantile  paralysis  affecting  the  muscles  of  the  calf.  The 
attitude  is  that  of  flexion  at  the  ankle-joint.  The  foot  and  toes  are 
drawn  up  and  the  heel  rests  in  contact  with  the  ground  ;  there  is  an 
angle  more  or  less  acute  between  the  foot  and  the  leg,  the  two  in  fact 
may  come  into  direct  contact. 

Talipes  Valgus. — In  this  variety  the  outer  border  of  the  foot  is 
raised  and  the  inner  border  is  depressed  and  rests  in  contact  with  the 
ground.  In  consequence  of  the  movement  of  the  anterior  segment  of 
the  tarsus  in  an  outward  direction,  which  takes  place  at  the  mid-tarsal 
joint,  the  inner  border  of  the  foot  appears  abnormally  rounded  and 
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convex  and  the  anterior  part  of  the  foot  is  abducted  and  everted. 
Congenital  talipes  valgus  is  sometimes  noted  as  a  result  of  absence  of 
the  fibula.  Occurring  at  periods  subsequent  to  birth,  it  is  not  in- 
frequently the  direct  result  of  rickety  curvature  of  the  lower  extremity. 

Talipes  Varus. — In  cases  which  come  under  this  head,  the  foot  is 
adducted,  i.e.  its  inner  border  looks  upwards  and  its  outer  border  down- 
wards, resting  in  contact  with  the  ground.  The  foot  also  is  bent  or 
twisted  upon  itself,  principally  at  the  mid-tarsal  joint,  in  consequence  of 
which  it  becomes  more  or  less  concave  along  its  upwardly  directed  inner 
border  and  on  its  plantar  aspect,  but  convex  over  the  dorsum  and  along 
its  outer  border.  In  walking  the  dorsum  of  the  foot  is  directed  forwards 
and  the  sole  backwards.  Talipes  varus  is  rarely  encountered  alone  ; 
much  more  frequently  it  is  associated  with  talipes  equinus  ;  indeed  these 
two  in  combination  constitute  by  far  the  most  common  variety  of  club- 
foot. 

Talipes  Equino-varus. — In  a  well-marked  case  of  this  deformity  the 
heel  is  raised,  the  foot  is  adducted  so  that  its  inner  border  looks  upwards, 
its  outer  border  downwards,  and  the  whole  foot  is  curved  or  bent  upon 
itself,  with  the  result  that  its  inner  border  is  more  or  less  concave,  its 
outer  border  convex,  the  dorsum  is  directed  forwards,  and  the  sole  back- 
wards. In  addition  to  this  deformity  of  the  foot  there  is  a  more  or  less 
pronounced  degree  of  inward  rotation  of  the  lower  limb,  the  extent  of 
which  is  most  readily  determined  by  noting  the  direction  of  the  anterior 
aspect  of  the  patella. 

Various  theories  have  been  advanced  to  account  for  this  form  of 
club-foot.  That  one  which  seems  to  have  gained 'most  support  is  to  the 
effect  that  the  deformity  is  due  to  a  persistence  of  the  attitude  which  the 
foot  assumes  within  the  uterus  in  early  foetal  life,  and  which  closely 
resembles  that  of  talipes  equino-varus.  Under  normal  conditions,  the 
child  being  able  to  move  freely  within  the  liquor  amnii,  the  lower 
extremity  undergoes  rotation  shortly  before  birth,  and  the  foot  assumes 
its  normal  position  with  regard  to  the  leg.  Should  this  rotation  or 
unfolding  of  the  foot  not  take  place  congenital  talipes  equino-varus  will 
probably  be  the  result. 

In  the  newly-born  infant  the  deformity  can  usually  be  rectified,  i.e.  the 
foot  can  be  twisted  into  position  by  grasping  it  in  front  of  the  ankle  ;  it 
tends,  however,  to  resume  the  deformed  attitude  when  the  retaining  force 
is  removed. 

Later  on,  if  no  adequate  treatment  be  employed,  it  is  impossible  to 
rectify  the  deformity  by  manipulation.  Many  circumstances  conspire 
to  render  the  foot  rigid ;  thus,  the  ligaments  upon  the  inner  aspect  of  the 
foot  become  contracted — internal  lateral  ligament  of  the  ankle,  the  inferior 
calcaneo-scaphoid  and  the  superior  astragalo-scaphoid  ligament  ;  the 
tendons  of  certain  of  the  leg  muscles  also  become  contracted,  particularly 
those  of  the  tibiales,  the  tendo  Achillis  and  the  flexor  longus  digitorum. 
The  plantar 'fascia  likewise  undergoes  contraction,  and  even  the  skin  partici- 
pates to  some  extent  in  these  changes.  Furthermore,  the  shape  of  the  bones 
undergoes  a  marked  alteration,  and  the  surfaces  by  which  they  articulate 
with  each  other  are  found  to  differ  greatly  both  in  position  and  direction 
from  those  of  the  normal  foot.  The  astragalus  undergoes  the  most 
striking  change  in  shape.  The  extent  to  which  its  neck  is  inclined 
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inwards  is  much  greater  than  in  the  normal  bone  (fig.  178),  and  its  relation- 
ship to  the  scaphoid  is  strikingly  altered.  This  latter  bone  in  fact 
becomes  rotated  round  in  such  a  way  that  it  articulates  with  the  inner 
side  of  the  head  of  the  astragalus,  and  its  tubercle  may  actually  touch 
the  inner  malleolus.  The  os  calcis,  too,  presents  a  considerable  degree  of 
malformation.  In  a  well-marked  case  it  is  situated  almost  vertically, 
and  is  curved  in  such  a  way  that  its  outer  surface  is  convex,  its  inner 
concave,  and  its  facet  for  the  cuboid  is  directed  inwards  as  well  as  for- 
wards. Owing  to  the  extended  attitude  of  the  foot  a  large  part  of  the 
trochlear  surface  of  the  astragalus  in  front  of  the  ankle-joint  is  no  longer 
utilised  in  the  movements  of  the  articulation,  its  polish  is  lost,  and  it  is 
covered  by  a  layer  of  connective  tissue.  The  posterior  part  of  the 
trochlea,  however,  is  more  extensive  than  in  the  normal  bone,  i.e.  it 
extends  further  back.  In  walking,  the  dorsal  aspect  of  the  cuboid  is 
pressed  against  the  ground,  the  overlying  skin  becomes  hard  and  horny, 
and  a  bursa  develops  in  the  subcutaneous  tissue. 

Fiat-Foot. — To  understand  the  nature  of  this  common  deformity,  a 
clear  understanding  of  the  normal  architecture  of  the  foot  is  altogether 
indispensable.  This  latter  subject  has  been  already  dealt  with  in  some 
of  the  preceding  paragraphs  (p.  695),  and  the  reader  would  do  well  to 
refer  to  these  before  investigating  the  matter  further. 

The  degree  of  development  of  the  antero-posterior  arch  of  the  foot 
shows  considerable  variability  in  different  individuals.  In  some  the  arch 
is  very  pronounced,  in  others  it  is  so  poorly  developed  as  to  be  scarcely 
recognisable.  In  infants  the  sole  of  the  foot  is  rather  flat  and  the  tarso- 
metatarsal  arches  are  feebly  marked,  but  subsequent  to  this  period  their 
development  proceeds  part  passu  with  the  general  growth  of  the  foot. 
In  some  individuals,  and  indeed  in  some  races,  negroes  for  example,  the 
arching  of  the  foot  never  assumes  striking  proportions  ;  in  these  the  sole 
presents  a  flat  appearance  and  the  instep  is  much  less  prominent  than  it 
is  in  a  well-proportioned  foot. 

If  an  impress  of  the  plantar  surface  of  a  foot  with  a  well-developed 
arch  be  taken  on  smoked  paper,  the  area  of  contact  will  be  found  to  vary 
considerably  according  as  the  amount  of  pressure  which  is  brought  to 
bear  upon  the  foot  is  slight  or  excessive.  When  the  weight  transmitted 
from  above,  in  the  standing  attitude,  undergoes  a  marked  increase,  a 
much  greater  extent  of  the  plantar  surface  comes  into  contact  with  the 
ground ;  in  other  words,  in  the  effort  to  support  the  extra  weight,  the 
arches  of  the  foot,  owing  to  their  yielding  properties,  undergo  a  partial 
obliteration,  the  length  of  the  foot  is  slightly  increased  and  its  breadth  at 
the  same  time  becomes  somewhat  greater.  As  the  foot  rests  easily  upon 
the  ground  a  line  corresponding  to  the  antero-posterior  axis  of  the  trochlea 
of  the  astragalus  if  prolonged  forwards  would  pass  between  the  second 
and  third  toes,  but  when  a  high  degree  of  pressure  is  brought  to  bear 
upon  the  foot  the  direction  of  this  axis  alters.  It  now  inclines  inwards, 
and  will  be  found  probably,  if  prolonged,  to  pass  to  the  inner  side  of  the 
ball  of  the  great  toe.  This  alteration  in  the  attitude  of  the  foot  may  be 
otherwise  expressed  by  saying  that  the  effect  of  the  strain  is  to  cause  its 
anterior  segment  to  deviate  outward,  the  principal  part  of  the  movement 
taking  place  at  the  mid-tarsal  joint ;  the  head  of  the  astragalus  becomes 
more  prominent  upon  the  inner  border  of  the  foot,  and  by  the  downward 
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pressure   which   it    exerts    it    tends    to    diminish    the    antero-posterior 
arch. 

In  a  well-marked  example  of  flat-foot  the  changes  in  the  shape  of 
the  foot  thus  briefly  outlined  are  carried  to  excess.  The  entire  inner 
aspect  of  the  sole  from  the  ball  of  the  great  toe  to  the  heel  rests  in 
contact  with  the  ground  ;  the  long  axis  of  the  trochlea  of  the  astragalus 
is  directed  inwards  with  a  very  decided  obliquity,  and  the  head  of  this 
bone  and  the  tubercle  of  the  scaphoid  project  very  prominently  upon 
the  inner  border  of  the  foot,  changing  its  normal  outline,  which  is  slightly 
concave,  into  one  with  a  marked  convexity.  The  outer  border  of  the 
foot  is  raised  from  the  ground  and,  in  contrast  with  the  inner,  it  is  slightly 
concave.  The  prominence  of  the  internal  malleolus  is  more  striking 
than  usual.  Like  the  astragalus,  the  os  calcis  also  presents  an  inward 
obliquity,  and  instead  of  resting  squarely  on  the  ground,  it  is  rotated  out- 
wards in  such  a  way  that  its  internal  and  anterior  tuberosities  bear  most 
of  the  pressure.  Its  outer  surface  comes  into  direct  contact  with  the 
extremity  of  the  external  malleolus,  in  fact  the  two  bones  may  articulate 
by  two  distinct  facets.  Furthermore,  the  greater  part  of  the  super- 
incumbent weight  will  be  transmitted  through  the  external  malleolus  to 
the  os  calcis. 

These  changes  in  the  shape  of  the  foot  are  usually  accompanied  by 
great  pain.  Its  point  of  greatest  intensity  varies  ;  it  may  be  referred  to 
the  centre  of  the  inner  aspect  of  the  sole,  viz.,  corresponding  to  the  level 
of  the  astragalo-scaphoid  joint,  but  very  commonly  it  is  felt  most  acutely 
in  the  upper  and  outer  aspect  of  the  dorsum  in  front  of  the  external 
malleolus. 

Flat-foot  gives  rise  to  a  noticeable  alteration  in  the  gait ;  the  toes  are 
pointed  outwards  and  the  inside  of  the  ankle  is  unduly  prominent. 
Opinions  are  somewhat  divided  as  to  the  aetiology  of  acquired  flat-foot. 
No  doubt  it  is  predisposed  to  by  weakness  and  relaxation  of  the 
tendons  and  ligaments  which  help  to  maintain  the  arches  of  the  foot 
(p.  695),  and  the  tendency  for  its  development  is  greatly  increased  if  the 
foot  be  subjected  to  increased  or  prolonged  strain,  such  as  is  entailed 
by  a  rapid  increase  in  body-weight,  standing  for  long  periods,  carrying 
heavy  weights,  etc.  Flat-foot  also  is  very  apt  to  succeed  rickety  cur- 
vature of  the  lower  limbs,  particularly  that  variety  known  as  genu  valgum, 
in  consequence  of  the  weight  of  the  body  being  thrown  more  upon  the 
inner  border  of  the  foot  than  upon  the  sole. 
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ABDOMEN,  380. 

congenital    deformities,    398,    401,    402, 

567. 

external  configuration  of,  381. 
hernial  type  of,  381. 
in  certain  pathological  conditions,  381. 
inframesocolic     compartment      of,     428, 

432,  443- 
palpation  of,  382. 
scaphoid  or  boat-shaped,  382. 
skin  of,  388. 
structures  related  to  the  posterior  wall  of, 

464. 

subcutaneous  veins  of,  388. 
subdivisions  of,  384. 
supramesocolic    compartment,    428,   432, 

446. 
topography   and   superficial   anatomy   of, 

380. 
Abdominal  cavity,  426. 

boundaries  of,  426. 
subdivisions  of,  427. 
dropsy  (ascites),  454. 
foetation,  586. 

incisions,  essentials  of,  392. 
muscles  (anterior  group),  386. 

bracing  effects  upon  the  viscera,  390. 
lateral  group,  384,  386. 
respiratory  functions  of,  390. 
rupture  of,  390. 
tonicity  of,  380,  390. 
rings,  406. 
Abdominal  viscera,  nerve  supply  of,  391. 

relationships   to  the    anterior    abdominal 

wall,  427. 

varying  peritoneal  relationships  of,  427. 
Abdominal  wall,  abscesses  in  the,  389. 
anastomoses  within,  392. 
blood-vessels  of,  385,  387. 
blows  on,  391. 
connection  between  its  nerve  supply  and 

that  of  the  abdominal  viscera,  391. 
extravasation  of  urine  into,  389. 
inguinal  segment  of,  viewed  from  behind, 

408,  609. 

lymphatics  of,  389. 
nerves  of,  387,  391. 
reflex  nervous  mechanism  of,  391. 
structure  of,  385. 
subcutaneous   tissue  of,  385. 
Abscess,  axillary,  251. 
cerebellar,  65. 
cerebral,  68. 


Abscess,  cervical,  83,  181,  182. 

gluteal,  596,  625. 

hepatic,  449,  450,  451. 

Hilton's  method  of  evacuating,  168. 

iliac,  498. 

in  abdominal  wall,  389. 

in  lesser  peritoneal  sac,  467. 

in  mastoid  antrum,  64. 

in  maxillary  antrum,  156. 

in  the  fingers  and  palm,  317. 

in  the  forearm,  300. 

in  the  scalp,  7. 

in  the  shoulder-joint,  269. 

in  the  temporal  fossa,  9. 

in  the  thigh,  618. 

ischio-rectal,  527. 

latero-pharyngeal,  182. 

lumbar,  498. 

mammary,  261. 

mediastinal,  363. 

orbital,  123. 

palmar,  317. 

pancreatic,  467. 

parotid,  82. 

pelvic,  389,  577,  625. 
perineal,  563. 
perinephric,    498,  507. 
popliteal,  648. 
prostatic,  550. 
psoas,  498. 
pulmonary,  439. 
rectal,  527. 
renal,  510. 
retroperitoneal,  498. 
retropharyngeal,  83,  181. 
submaxillary,  194. 
subphrenic,  440. 
thecal,  317. 
tonsillar,  176. 
tropical,  450. 
Accessory  sinuses  of  the  nose,  anterior  group, 

153- 
posterior  group,  153. 

thyroids,  211. 

Accommodation  of  the  eye  for  near  vision,  129. 
Acetabulum,  620. 

disease  involving,  625. 

fractures  of,  567. 

Acinous  cancer  of  the  breast,  259. 
Acne,  4. 

rosacea,  143. 
Acromion  process,  245. 

angle  of,  236. 
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Acromion  process,  fractures  of,  245. 
Acromio-clavicular  articulation,  241. 

dislocations,  241. 
Acute  necrosis,  278. 
Adductor  tubercle,  642,  649. 
Adenoids,  postnasal,  60,  180. 
Aditus  ad  antrum,  57. 
Adrenals,  464,  501. 
Ague  cake,  461. 
Air  in  veins,  221,  252,  361. 
Air  embolism.  361. 
Alx  nasi,  73,  142. 

congenital  cleft  of,  jg. 
Alar  sulcus,  70,  141. 

Albrecht's  theory  concerning  cleft  palate,  173. 
Alexander's  operation,  587. 
Allantois,  397. 

blood-vessels  of,  397. 
Amazia,  262. 
Amnion,  397. 
Ampulla  of  Vater,  456. 

gall-stones  in,  459. 
Amputation — see  under  the  different  regions. 

neuroma,  639,  679. 
Anal  canal,  523. 

congenital  defects  of,  538. 

cutaneous  zone  of,  524- 

development  of,  538. 

digital  examination  of,  526. 

haemorrhoidal  zone  of,  525. 

lymphatics  of,  526. 

mucous  membrane  of,  524. 

musculature  of,  519. 
nerve  supply  of,  530. 

nerves  of,  526. 

relations  of,  523. 

squamous-cellea  epithelioma  of,  532. 
Anal  valves,  524. 
Anastomoses,    artificial    portal-systemic,    388, 

454- 

Anastomotic  artery  (femoral),  615. 
Aneurysm — see  under  the  different  vessels. 
Aneurysmal  varix,  285,  616. 
Angulus  sternalis,  337. 
Ankle,  679. 

annular  ligaments  of,  669,  68 1. 

blood-vessels  in  relation  to,  682. 

dislocation  fractures  at,  685. 

effusions  into,  679. 

sprain  fractures  at,  685. 

topography  and   superficial  anatomy  of, 
679. 

treatment  of  fracture  dislocations  at,  688. 
Ankle-joint,  683. 

disease  of,  679,  680,  68 1. 

ligaments  of,  683. 

movements  permitted  at,  685. 

surface  anatomy  of,  679. 

Syme's  amputation  through,  688. 

vertical  section  through,  684. 
Ankyloblepharon,  no. 
Ano-coccygeal  body,  523. 
Ano-rectal  cancer,  excision  of,  535. 

cellulitis,  527,  528. 

glands,  526 
Annular  ligaments  of  the  ankle,  681. 

wrist,  306,  315. 
Annulus  prjeputialis,  561. 


Annulus  urethralis  (bladder),  543. 
Antecubital  fossa,  270,  283,  285. 
Anterior  chamber  of  the  eyeball,  128. 
Anterior  crural  nerve,  603,  606. 
Anterior  limiting  sulcus  of  the  embryo,  397. 

mediastinal  glands,  349. 
Anterior  tibial  artery,  669 

ligature  of,  671. 
Anthracosis,  361. 
Antihelix,  48. 
Antitragus,  48. 
Antrotomy,  mastoid,  65. 
Antrum,  duodenal,  469. 
mastoid,  62. 
maxillary,  85,  156. 

modes  of  obtaining  access  to,  157. 
suppuration  within,  156. 
tumours  in,  86. 
Antrum  pylori,  434. 
Anus,  absence  of,  539. 
ectopia  of,  540. 
imperforate,  539. 
painful  fissure  of,  530. 
Aorta,  374. 

arch  of,  375. 

aneurysm  of,  376. 
Aorta,  ascending,  375. 
aneurysm  of,  375. 
Aorta,  descending,  375. 

aneurysm  of,  376. 

Aorta,  intrapericardial  portion  of,  367. 
isthmus  of,  375. 

subdivisions  of  the  thoracic,  374. 
Aortic  aneurysm  a  cause  of  dysphagia,  379. 
orifice  of  thelieart,  topography  of,  369. 
sinus,  great,  375. 
spindle,  375. 

Appendices  epiploicse,  491. 
Appendicectomy,  486. 

abdominal  incisions  in,  487. 
structures  divided  in,  487. 
Appendicitis,  485. 

abscess  following,  485. 
operative  treatment  of,  486. 
peritonitis  following,  485. 
with  an  abnormally  placed  appendix,  486. 
Appendix  vermiformis  (see  Vermiform  appen- 
dix), 485. 
Apoplexy,  cerebral,  36. 

pulmonary,  345. 
Aqueduct  of  Fallopius,  57,  61,  66. 

a  path  of  infection  in  otitis  media,  61. 
Sylvius,  27. 

Aqueous  humour  (eyeball),  128. 
Arachnoid  mater,  26. 
Arachnoidal  villi,  n,  25. 
Arches  of  the  foot,  690,  695. 
palate,  179. 
palm  (arterial),  310. 
Arcus  senilis,  127. 
Area,  Rolandic,  37. 

somsesthetic,  39. 

Areas,  motor,  of  the  brain,  37,  38,  39. 
Arm,  270. 

amputation  through,  281. 
deep  fascia  of,  272. 
intermuscular  septa  of,  272. 
osteo-fascial  compartments  of,  272. 
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Arm,  skin  of,  272. 

subcutaneous  tissue  of,  272. 

surface  markings  of,  271. 

topography  and   superficial   anatomy   of, 

270. 

Armpit,  238. 

Arterio-venous  aneurysm,  123,  253,  285,  616. 
Artery — see  under  the  individual  vessels. 
Arteriotomy,  2. 

Articulation — see  under  the  different  joints. 
Aryteno-epiglottidean    folds,     167,    200,    204, 

205. 

Ascites,  454. 

Association  centres  (brain),  39. 
Asteric  point,  43. 
Asterion,  n. 
Astigmatism,  126. 
Astragalus  in  congenital  club-foot,  702. 

in  flat-foot,  704. 

its    relationship    to    the    antero-posterior 

arch  of  the  foot,  696. 

Atavism,    supposed    evidence    of,    in    abnor- 
malities of  the  mammary  gland,  262. 
Athelia,  262. 
Atresia  ani,  539- 

of  external  auditory  meatus,  54,  84. 
Atrium  of  the  middle  meatus  (nose),  145. 
Attic  of  tympanum,  55. 

Auditory     meatus,    external  —  see    External 
auditory  meatus. 

internal — see  Internal  auditory  meatus. 

ossicles,  55,  58,  62,  67. 
development  of,  58. 
ligaments  of,  58. 

Auerbach's  plexus  (intestine),  473. 
Auricles  of  the  heart,  366,  367,  371. 

supernumerary  (ear),  50. 
Auricular  dermoids,  49. 

fistulse,  49. 

point,  II. 

Auriculo-temporal  nerve,  81,  92,  97,  loo. 
Auriculo-ventricular  orifices,  topography,  369. 
Axes  of  rotation  of  the  eyeball,  1 19. 
Axilla,  246. 

abscesses  within,  251. 

arterio-venous  aneurysm  within,  253. 

boundaries  and  contents  of,  246. 

fasciae  of,  238,  247,  251,  252. 

haemorrhage  into,  253. 

lymphatic  glands  of,  251. 

nerves  within,  250. 

outlet  of,  238. 

penetrating  wounds  of,  253. 

surgery  of,  252. 

suspensory  ligament  of,  247. 

tumours  of,  251. 
Axillary  aneurysm,  253. 
Axillary  artery,  248. 

abnormalities  of,  255. 

aneurysm  of,  253. 

branches  of,  249. 

collateral  circulation  after  ligature  of,  254. 

ligature  of  (first  stage),  253. 

(third  stage),  254. 
Axillary  nerves,  249,  253,  328. 

wounds  of,  253. 
Axillary  vein,  249. 

relationships  to  lymphatic  glands,  252. 


Axillary  vein,  resection  of,  252. 
wounds  of,  252. 

BARDENHEUER'S  trans-sacral  section,  534. 
Bas  fond  of  the  bladder,  544. 
Base  of  the  skull,  17. 

fossae  of,  17,  20. 

fractures,  16,  19,  20,  21. 
Bellocq's  sound,  180. 

Biceps  muscle  (arm),  264,  270,  278,  282,  283. 
Biceps  muscle  (thigh),  601,  639,  643. 

tenotomy  of  the  tendon  of,  648. 
Bicipital  fascia,  281,  285,  296. 

sulcus  (external),  271. 

(internal),  271. 
Bile  ducts,  456. 
Bile  duct,  common,  456. 

course  of,  456. 

obstruction  of,  457,  459,  466. 

operations  on,  459 

stages  of,  456. 

supraduodenal  segment,  457,  459. 

traction  upon,  by  movable  kidney,  5°6- 
Biliary  apparatus,  455,  456. 

colic,  459. 

passages,  sounding  the,  459. 

surgery  of,  457. 
Biliary  toxaemia,  457. 
Bi-malleolar  fractures,  688. 
Birth  marks,  75. 
Bladder,  540. 

bas  fond  of,  544. 

blood-vessels  of,  544- 

danger  of  wounding,  in  herniotomy,  413. 

displacements  of,  546. 

extroversion  of,  567. 

female,  541,  548,  570,  581. 

fistulae  in  communication  with,  546. 

fixity  of  the  base  of,  541,  545. 

hernias  of,  413,  546. 

in  empty  condition,  54°- 

in  distended  condition,  541. 

in  the  fcetus  at  birth,  540. 

interior  of,  541,  543. 

malformations  of,  402,  567. 

malignant  growths  of,  545. 

modes  of  access  to,  546. 

mucous  membrane  of,  544. 

neck  of,  543. 

nerves  of,  544- 

new  growths  of,  545. 

of  child,  540. 

paratrigonal  fossae  of,  543. 

pathological  conditions  of,  544. 

prolapse  of,  546 

puncture  of,  546. 

relationships  of,  541. 

to  the  abdominal  wall,  384. 

to  the  peritoneum,  515,  540,  541. 

reflexions  of  peritoneum  from,  541. 

retro-ureteric  fossa  of,  543,  545. 

rupture  of,  544. 

surgery  of,  546. 

trigone  of,  543- 

variations  in   the  level  of  the  floor  of, 
546. 

varicosity  of  the  veins  of,  545. 

wounds  and  injuries  of,  413,  544,  596. 
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Bladder  floor,  effects  of  senile  enlargement  of 
the  prostate  upon,  552. 

fixity  of,  541,  545. 

prostatic  area  of,  521. 

variations  in  the  level  of,  546. 
Blastoderm,  396. 

bilaminar,  396. 

trilaminar,  396. 
Blastodermic  vesicle,  396. 
Blepharitis,  109. 
Blepharo-chalasis,  109. 
Blepharospasm,  108,  126. 
Body  cavity,  development  of,  396. 

thoracic  and  abdominal  subdivisions   of, 

334- 
Bones,  blood  supply  of  the  long,  277. 

inflammatory  affections  of,  277. 
Bowman,  glands  of,  147. 
Bowman's  capsules  (kidney),  506. 
Brachial  artery,  278. 

abnormalities  of,  279. 

anastomoses  formed   by  the  branches  of, 
279,  280. 

branches  of,  279. 

digital  compression  of,  279. 

dissection  of,  281,  286. 

ligature  of,  280. 

relationships  of  nerves  to,  278. 
veins,  279. 

wound  of,  in  venesection,  285. 
Brachial  nerves,  effects  of  injury  and  disease 

upon,  330. 
Brachial  plexus,  249. 

cords  of,  and  their  branches,  250. 

mode  of  formation  of,  250. 

review  of  the  larger  branches  of,  328. 
Brachycephalic  skulls,  1 1 . 
Brain,  33. 

abscess  in  the  temporal  lobe  (otitic),  68, 

69-. 

association  centres  of,  39. 

blood  supply  of,  33. 

cortical  centres  of,  37,  38,  39. 

lateral  ventricles  of,  36,  44. 

localisation  of  function  of,  36. 

membranes  of,  23. 

motor  area  of,  37,  38,  39. 

principal  fissures  of,  40. 

surface  relationships  of,  40,  43. 
Branchial  arches,  231. 

clefts,  231. 

fistulae,  231. 
Breast,  examination  of,  258. 

see  Mammary  gland. 
Bregma,  n. 
Broad  ligaments,  571. 

contents  of,  569,  571. 

relations  of,  57 '• 

division  of,  in  hysterectomy,  581. 

vestigial  structures  within,  586. 
Bronchi,  358,  374,  378. 
Bronchial  blood-vessels,  361. 

lymphatic  glands,  360. 
Bronchocele,  209. 
Broncho-pneumonia,  197. 
Bryant's  line,  591. 
Bubonocele,  411. 
Buccal  cavity,  159. 


Buccal  (long)  nerve,  97. 

pad  of  Bichat,  72. 
Buccinator  muscle,  73,  165. 
Bulb  (corpus  spongiosum  penis),  556,  559. 

artery  of,  557. 

wound  of,  559. 

Bulbous  segment  of  the  urethra,  562,  563. 
Bulla  ethmoidalis,  146,  155. 

frontalis,  153. 
Bunion,  691. 
Burns'  ligament,  606. 
Bursse  about  the  knee-joint,  644,  646,  647. 

great  carpal,  313,  318,  319. 

infrapatellar,  650. 

intertubercular  (shoulder),  269. 

olecranon,  285. 

of  Sir  Benjamin  Brodie,  646,  647. 

ovarii,  571. 

over  the  tuber  ischii,  392,  598. 

pharyngeal,  179. 

prsetibial,  644. 

prepatellar,  644. 

subacromial,  264,  269. 

thyro-hyoid,  198. 

trochanteric,  592,  598. 
Bursal  cysts,  647. 
Buttock — see  Gluteal  region. 

CACHEXIA  thyroidea,  210. 
Caecal  folds  and  fossae,  480. 

hernia,  congenital,  410. 
Caecum,  479. 

abnormal  positions  of,  482. 

adult  type  0^479. 

and  appendix'  blood-vessels  of,  481. 

cancer  of,  482. 

congenital  hernia  of,  410. 

development  of,  430,  479. 

diagnostic  value  of  distension  of,  482. 

distension  of,  in  intestinal  obstruction,  4 

ectopia  of,  482. 

foreign  bodies  in,  483. 

forms  of,  479. 

infantile  type  of,  479. 

inflammation  of,  483. 

in  intestinal  obstruction,  481. 

perforation  of,  483. 

peritoneal  connections  in  foetus,  482. 
folds  and  fossae  in  region  of,  481. 

sacculi  of,  479. 

ulceration  of,  481,  482. 

variations  in  position  of,  482. 

volvulus  of,  482. 

Calcaneo-astragaloid  joint,  693,  695. 
Calcaneo-cuboid  joint,  692,  693,  695. 
Calcaneo-malleolar  sulci,  681. 

-scaphoid  ligament,  inferior,  693,  695. 
Calcaneum — see  Os  calcis. 
Calcar  femorale.  633. 
Calf  of  leg,  666! 
Canal,  hyaloid,  133. 

inferior  dental,  superficial  guide  to,  80. 

of  Nuck,  407,  583. 
hernia  into,  410 
hydrocele  of,  588. 

of  Petit,  138. 

of  Schlemm,  124,  126,  128,  131,  140. 

of  Stilling,  138. 
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Canal  of  Wirsung,  465. 

Canals,  semicircular,  65,  67,  68. 

Canaliculi,  lachrymal,  112. 

incision  of,  1 13. 

instrumentation  of.  113. 
Cancer  en  ctiirasse  (breast),  260. 

of  breast — see  Mammary  gland. 
Cancrum  oris,  7 1 . 
Canine  fossa,  85,  156. 
Canthus  (internal  and  external),  104. 
Capsule,  internal,  of  brain,  35,  36. 

of  Glisson,  446. 

of  hip-joint,  620.  622,  624,  625. 

of  kidney.  499,  510. 

of  knee-joint,  650,  656. 

of  parotid  gland,  82,  83. 

of  prostate,  549,  550.  553. 

of  shoulder-joint,  264,  265,  266,- 268. 

of  submaxillary  gland,  194,  195. 

of  temporo-maxillary  joint,  91. 

of  Tenon,  117,  118,  120. 
Capitellum,  287. 
Caput  Medusae,  388,  454. 
Cardiac  area,  superficial,  368. 

orifice,  of  stomach,  433. 
Carnochan's  operation,  90. 
Carotid  artery,  common — see  Common  carotid 
artery. 

external — see  External  carotid  artery. 

internal — see  Internal  carotid  artery. 

region  of  neck,  216. 

sheath,  190,  216. 

triangle,  186. 

tubercle,  217. 

Carpal  bursa,  great,  313,  318,  319. 
Carpus,  articulations  of,  320. 

disease  of,  322. 
Cartilages,  lateral,  of  nose,  142. 

septal,  of  nose,  145.  151. 
Cartilagines  minores  (nose),  142. 
Caruncle,  lachrymal,  104. 
Cataract,  138. 

anterior  capsular,  138. 

extraction  of,  139. 

senile,  138. 

traumatic,  139. 
Catheterisation  of  fronto-nasal  passage,  154. 

of  urethra,  562. 
Caudal  eminence,  538. 

fold  of  embryo,  397. 
Caudate  lobe  of  liver,  445. 
Cavernous  sinus,  32. 
Cellulitis,  intraorbital,  33,  123. 

of  neck,  64. 

of  scalp,  8. 

pelvic,  577. 
Central  artery  of  retina,  135. 

embolism  of,  137. 
Cephalhsematomata,  8. 
Cephalic  fold  of  embryo,  397. 

vein,  235,  249,  250,  254,  263,  283. 
Cerebellum,  20,  69. 

abscess  of,  63,  69. 
Cerebral  arteries,  33. 

aneurysms  of,  34. 

central  or  ganglionic,  33. 

cortical,  33. 

disease  of,  34. 


Cerebral  arteries,  embolism  of,  35. 
Cerebral  circulation,  33. 

haemorrhage,  35. 

hemisphere,  surface  relationships  of,  43. 

localisation.  36,  38. 
angular  method,  43. 
Author's  method,  40. 
Cerebro-spinal  fluid,  26. 

functions  of,  28. 

physical  and  chemical  characters  of,  28 
Ceruminous  glands,  52. 

secretion  of,  54. 
Cervical  abscess,  83,  181,  182. 

cystic  tumours,  209,  211,  229,  232. 

fascia,  the  deep,  190. 

fistulas,  232. 

ligaments  (femur),  619,  635. 

lymphatic  glands,    175,    193.    201,     205, 
214,  227. 

ribs,  228,  346. 

relations  of  the  pleura  to,  346. 
removal  of,  346. 

sinus,  231. 

Cervico-pericardiac  fascia,  371. 
Cervix  uteri,  571. 

as  felt  per  rectum,  527- 

canal  of,  571. 

cancer  of,  577. 

division  of,  in  partial  hysterectomy,  581. 

relations  of,  to  ureters,  57 l,  575- 

segments  of,  569. 
Chalazion,  109. 

Check  ligaments  (eyeball),  118. 
Cheek,  71. 

at  different  periods  of  life,  71. 

division  of,  in  excision  of  tongue,  165. 

Fergusson's  incision  of,  88. 
Cheiloplasty,  70. 
Chemosis,  in. 
Chest,  336. 

effects  of  external  pressure  upon,  34 1 . 

in  the  female,  340. 

mammary  line  of,  338. 

mid-sternal  line  of,  338. 

parasternal  line  of,  338. 

phthinoid,  341. 

regions  of — see  Thorax. 

sagittal  section  through,  350. 

topography  and  superficial  anatomy,  336. 

variations  from  the  normal  shape  of,  340. 

want  of  symmetry  between  the  two  sides, 

341- 

Chimney-sweep's  cancer  (scrotum),  419. 

Chin,  71. 
Choanse,  145. 
Cholsemia   457. 
Cholangitis,  449. 
Cholelithotrity,  459. 
Cholecystectomy,  458. 
Cholecystenterostomy,  458. 
Cholecystitis,  456. 
Cholecystostomy,  458. 
Cholecystotomy,  458. 
Choledochotomy,  459. 
Cholesteatoma,  6i. 
Chopart's  amputation  (foot),  698. 
Chorda  tympani  nerve,  57,  97. 
Chorio-capillaris,  128. 


7io 


INDEX 


Choroid  plexuses,  26. 
Chorioid,  128. 
Chorioidal  cleft,  133. 
Chorioiditis,  126. 
Chorion,  397. 
Cilia  of  eyelids,  106. 
Ciliary  body,  128. 

wounds  of,  130. 
Ciliary  muscle,  128. 
Circle  of  Willis,  33,  218. 
Circulus  iridis  minor,  129. 
Circumcision,  564. 

Circumcorneal  zone  of  vascularity,  125,  129. 
Circumflex  arteries — see  Axillary  and  Profunda 
femoris  arteries. 

nerve,  250,  268,  270. 
Circumvallate  papillae,  160. 
Cirrhosis  of  liver,  454. 
Cirsoid  aneurysm,  5. 
Cisterna  magna,  26. 

pontis,  26. 

Cisternse  arachnoidales,  26. 
Clavicle,  238. 

articulations  of,  239. 

dislocations  of,  241. 

fractures  of,  239,  241. 
complications  of,  243. 
between  the  ligaments,  243. 
by  muscular  action,  238. 
greenstick,  243. 
of  the  sternal  extremity,  243. 
outside  the  ligaments,  243. 

relations  of,  238. 

structure  of,  239. 
Clavi-pectoral  fascia,  238,  247. 

region,  234,  246. 
Cleft,  median,  of  lower  lip,  79. 
upper  lip,  79. 

palate,  172. 

operative  treatment  of,  173. 

recesses  (branchial),  231. 

transverse  facial,  79. 
Cloaca,  538. 

subdivision  into  two  parts,  565. 
Cloacal  fossa,  538. 

membrane,  imperfect  obliteration  of,  539. 
Club-foot,  700. 

Coccygeus  m.,  512,  522,  555,  556. 
Coccyx,  excision  of,  532,  534. 

tip  of,  522. 
Cochlea,  disease  of,  62. 

fracture  passing  through,  20. 

promontory  of,  57,  59. 

section  through,  56. 

topographical  relationships  of,  68. 
Ccelom  or  pleuro-peritoneal  cavity,  396. 
Coffee-ground  vomit,  438. 
Colectomy,  495. 
Colics'  fascia,  385,  556. 

fracture,  324. 
diagnosis  of,  326. 
reversed,  326. 
Coloboma  facialis,  79. 

of  the  iris,  134. 

of  the  lower  eyelid,  79,  no. 

upper,  no. 
Colon,  488. 

adhesion  of,  to  neighbouring  parts,  491. 


Colon,  ascending,  488. 

contrasted  with  the  small  intestine,  491. 

descending,  489. 

double-barrelled,  493. 

floating,  431. 

hepatic  flexure  of,  488. 

iliac,  489. 

mesentery  of,  490. 

obstruction  of,  493. 

pelvic,  489. 

peritoneal  connections  of,  494. 

relationships  of,  to  the  kidneys,  491. 
liver,  491. 

sigmoid,  496. 

splenic  flexure  of,  488. 

stricture  of,  493. 

transverse,  488 

effects  of  tight  lacing  upon,  492. 

mesentery  of,  489. 

ptosis  of,  492. 

relationship  to  stomach,  434,  492. 

variability  in  disposition  of,  492. 

variability  in  position  of,  496. 

volvulus  of,  496. 
Colostomy,  494. 
Colotomy,  494. 

abdominal  incision  for,  395. 

in  two  stages  (^  deux  temps),  494. 

inguinal,  495. 

lumbar,  494. 

retroperitoneal,  494. 

transperitoneal,  494. 
Columella,  141. 
Columns  of  Morgagni,  524. 
Common  carotid  artery,  193,  198.  216,  222. 

aneurysm  of,  217. 

digital  compression  of,  217. 

ligature  of,  217. 

Common  ejaculatory  ducts,  550,  554. 
Compressor  urethrze  m.,  561. 
Concha  (pinna),  48. 

bullosa  of  Zuckerkandl,  155. 
Condyles  of  femur,  642. 

humerus,  282,  284,  286. 
fractures  of,  291,  292. 
Congenital  club-foot,  700. 

dislocation  of  hip,  628. 

fistulae,  49,  232,  401,  402. 

hernia,  inguinal,  410. 
of  caecum,  410. 
umbilical,  398. 

hydrocele,  423,  588. 

malformations  of  anus  and  rectum,  538. 
bladder,  567,  402. 
face,  78. 
penis,  566. 
pinna,  49. 

torticollis,  215. 
Coni  vasculosi,  418. 
Conjoined  tendon,  386,  406. 
Conjunctiva,  no. 

blood-vessels  of,  no. 

nerves  of  1 10. 
Conjunctivitis,  in. 
Conoid  ligament,  244. 
Contre  coup,  fracture  by,  16. 
Constrictors  of  pharynx,  177. 
Conns  arteriosus,  366. 
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Coraco-acromial  arch,  264. 
ligament,  264,  267. 
-clavicular  ligaments,  241. 
-humeral  ligament,  264. 
Coracoid  process,  236,  245. 

fracture  of,  245. 

Cord,  spermatic — see  Spermatic  cord. 
Cords,  vocal — see  Vocal  cords. 
Corectopia,  134. 
Coronal  suture,  2,  1 1 . 
Coronoid  fossa  (humerus),  286,  292. 
process  of  lower  jaw,  95,  97. 

of  ulna,  287,  289. 
Cornea,  124. 

as  a  refractive  medium,  126. 
herpes  of,  126. 

inflammation  of  (keratitis),  127. 

lymph  canals  of,  126. 

movements  of,  120. 

nerves  of,  126. 

ulceration  of,  127. 

wounds  of,  126. 
Coronary  ligament  (liver),  447. 
Corpora  cavernosa,  556. 
Corpus  Highmori,  417. 
Coryza,  151. 
Costal  cartilages,  344. 

fractures  of,  345. 
Costo-coracoid  membrane,  247. 

-diaphragmatic  pleural  recess,  334. 

•vertebral  pleural  recess,  336. 
Cotyloid  ligament,  620,  621. 
Cowper's  glands,  557. 

inflammation  of,  563. 
Cranial  fossae,  17. 

vault,  ii. 
Cranio-tabes,  22. 
Cranium,  10. 

bony  landmarks  of,  I,  II. 

buttresses  of,  14. 

effects  produced  upon,  when  struck,  15. 

fractures  of,  16. 

osteo-plastic  resection  of,  30. 

sutures  of,  13. 
Creases  of  forehead,  3,  74. 

palm,  308,  310. 

wrist,  306. 

Cremaster  muscle,  386,  404,  406,  426. 
Cremasteric  artery,  424. 
Cribriform  fascia,  602,  606,  6ll. 

plate  (ethmoid),  18,  145,  149. 
Cricoid  cartilage,  178,  187,  199,  200,  205,  206, 

218. 

Crico-thyroid  membrane,  187,  206. 
Crico-thyrotomy,  202. 
Crista  urethralis,  549,  561. 
Crucial  anastomosis,  596,  615. 

ligaments  of  knee,  651,  652. 
Crural  canal,  607. 

nerve,  anterior,  603,  606. 

ring,  607. 
Crutch  palsy,  331. 
Cryptorchism,  422. 
Cuboid  bone,  692,  693,  695,  697. 
Cuneiform  bones,  693,  695. 
Curling's  ulcer  of  the  duodenum,  470. 
Cut  throat  wounds,  197. 
Cyclitis,  126. 


Cynanche  tonsillaris,  176. 
Cystic  duct,  456. 

calculus  impacted  in,  457. 
mucous  membrane  of,  459. 

hygroma  of  neck,  233. 
Cystotomy,  suprapubic,  547. 

perineal,  547,  558,  560. 

vaginal,  548. 
Cysts,  atheromatous,  of  scalp,  3. 

cervical,  209,  211,  229,  232. 

dermoid,  23,  49,  78,  232,  585. 

mesenteric,  479. 

ovarian,  584. 

pancreatic,  466. 

DACRYO-CYSTITIS,  75,  114,  155. 

Dartos,  418. 

Darwin's  tubercle,  49. 

Davy's  lever,  632. 

Deep  epigastric  artery,  387,  609. 

danger  of  wounding  in  colotomy,  490. 
how  to  avoid  in  herniotomy,  416. 
relationships  of,  to  inguinal  canal,  407. 

palmar  arch,  314. 
Deferential  blood-vessels,  423. 
Deltoid  muscle,  263. 

paralysis  of,  237. 
parts  beneath,  264. 

region,  236,  263 
dissection  of,  263. 

tubercle,  234. 
Dermoids,  auricular,  49. 

cervical,  232. 

intracranial,  23. 

ovarian,  585. 

Descendens  hypoglossi  n. ,  193,  217,  218. 
Descending  palatine  artery,  98,  170. 
Development  of  auditory  ossicles,  58. 

body  wall,  396. 

ear,  47. 

eye,  132. 

face,  77. 

genital  organs,  565. 

intestines,  429. 

liver,  430. 

mammary  gland,  257. 

neck,  231. 

palate,   171. 

peritoneum,  431. 

rectum  and  anus,  538. 

thyroid  gland,  211. 

tongue,  1 60. 
Dextro-cardia,  370. 
Diaphragm,  level  of,  448. 

ligamenta  arcuata  of,  497. 

paralysis  of,  376. 
Diaphragmatic  pleura,  351. 

pleural  reflexion,  352. 
Digastric  fossa  (temp,  bone),  64. 

muscle,  95,  192. 

triangle,  192. 
Dilator  pupillse,  129. 
Diploe,  12. 

osteo-myelitis  of,  7. 
Diploic  circulation,  12. 

veins,  12. 

thrombosis  of,  7,  13. 
Diplopia,  87,  121. 
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Direct  inguinal  hernia,  408,  409,  411. 

Dislocations — see  several  bones  and  joints. 

Dolichocephalic  skulls,  n. 

Dorsal  vein  of  penis,  424,  561. 

Dorsalis  pedis  artery,  692. 

Dorsum  ilii,  dislocation  of  head  of  femur  on  to, 

626. 
Double  chin,  188. 

vertical  fracture  of  pelvis,  567. 
Douglas,  semilunar  fold  of,  387. 

pouch  of,  570. 

pathological  contents  of,  579. 
Drop  wrist,  276. 
Duct,  bile,  456,  457,  459. 

cancer  of  breast,  259. 

cystic,  456,  457,  458,  459. 

ejaculatory,  549,  554. 

lactiferous,  256,  258,  259. 

Mullerian,  538,  565,  569. 

nasal,  112,  114. 

of  Gartner,  587. 

of  Stenson.  92,  8l. 

of  Wharton,  168,  194. 

of  Wirsung,  465. 

pancreatic,  465. 

parotid,  79,  81,  82. 

thoracic,  225. 

thyro-glossal,  168. 

vitello  intestinal,  397. 

Wolffian,  423,  537,  565,  587. 
Ductus  venosus,  445. 
Duodenal  adhesions,  470. 

antrum,  469. 

flexure,  superior,  467. 
inferior,  467. 

fossae,  468. 

impression  on  the  liver,  468. 

papilla,  456. 

pouch,  congenital,  471. 
Duodeno-jejunal  flexure,  443,  468,  472. 
Duodenum,  467. 

blood  supply  of,  469. 

congenital  defects,  471. 

Curling's  ulcer  of,  470. 

fistulous  communications  of,  470. 

in  situ,  460. 

mobility  of  first  stage,  469. 

mode  of  access  to  posterior  aspect  of,  47 1 . 

peritoneal  fossae  in  relation  to,  468. 

relationships  of,  468. 

relation  of  second  stage  to  right  kidney, 
470. 

rupture  of,  470. 

suspensory  muscle  of,  469. 

traction  exerted  upon,  by  a  movable  right 
kidney,  470. 

ulceration  of,  469. 

ulcerative  perforation  of,  469. 

various  forms  of,  468. 

vestibule  of,  469. 

Dupuytren's  contraction  of  the  palmar  fascia, 
316. 

fracture  (ankle),  687. 
Dura  haematoma,  30. 

mater,  23. 
arteries  of,  28. 
at  base  of  skull,  24. 
fungus  of,  25. 


Dura  mater,  inelastic  character  of,  25. 

infection  of,  from  tympanum,  61. 

inflammation  of — pachymeningitis,  24. 

lacunae  laterales  of,  31. 

periosteal  function  of,  23. 

supporting  processes  of,  25. 

varying  degree  of  adhesion  to  the  bone, 
24. 

venous  sinuses  of,  31. 

Dysphagia,  pathological  conditions  capable  of 
giving  rise  to,  377. 

EAR,  46. 

development  of,  47. 

external,  47. 

haemorrhage  from,  in  basal  fractures,  20. 

foreign  bodies  in,  52,  54. 

haematoma  of,  50. 

internal,  47,  62. 

middle — see  Tympanum. 

tophi  in,  50. 

watery  discharge  from,  20. 
Ectoderm,  396. 
Ectopia,  caecal,  482. 

cordis,  369. 

testis,  422. 
Ectropion,  109. 

Ejaculatory  duct,  common,  549,  554. 
Elbow,  282. 

bony  landmarks  of,  284. 

excision  of,  293. 

by  Kocher's  method,  294. 

fold  of,  283. 

fractures  in  region  of,  291,  292. 

injuries,  diagnosis  of,  289. 

point  of,  284. 

posterior  aspect  of,  283. 

region,  282.' 

skin  surrounding,  285. 

subluxation  of — 'pulled  elbow,'  291. 

superficial  veins  in  front  of,  283. 

swollen  condition  of,  285. 

topography  and  superficial  anatomy,  282. 

transverse  section  through,  288. 
Elbow-joint,  286. 

dislocations  of,  289. 

effusions  into,  285. 

examination  of,  in  cases  of  injury,  289. 

movements  permitted  at,  287. 

surface  anatomy,  283. 

synovial  membrane  of,  287. 
Elephantiasis,  419. 
Embolism,  air,  361. 

cerebral,  35. 

of  central  artery  of  retina,  137. 

pulmonary,  361. 
Embryo,  membranes  of,  397. 

separation  of,  from  blastoderm,  397. 
Emissary  veins,  16,  17. 
Emphysema,  pulmonary,  345. 

shape  of  chest  in,  341. 

subcutaneous,  19,  144,  345. 
Empyema,  356. 

directions  in  which  it  may  discharge,  356. 

evacuation  of,  357. 

localised,  357. 

surgical  treatment  of,  357. 
Encephalocele,  22. 
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Encysted  hydrocele  of  cord,  425. 

tunica  vaginalis,  422. 
Endo-abdominal  fascia,  512. 
Endocarditis.  369. 
Endognathion,  173. 
Endothoracic  fascia,  346. 
Enophthalmos,  118. 
Ensiform  cartilage,  342. 
Enterectomy,  475. 
Enterocele,  413. 

partial,  608. 
Enterorraphy,  476. 
Entropion,  109,  in. 
Enteroptosis,  390,  475. 
Epicanthus,  no. 
Epicondyle,  286. 

fractures  of,  292. 
Epicranial  aponeurosis,  7,  9. 
Epididymis,  417. 

meso-,  417. 

structure  of,  417. 

subdivisions  of,  417. 
Epididymitis,  419. 
Epididymo-orchitis,  420. 
Epigastric  artery,  deep, — see  Deep  epigastric 

artery. 

Epigastrium,  385,  437. 
Epiglottis,  200. 

cushion  of,  204. 

in  laryngoscopy,  204. 
Epiphora,  74,  113. 
Epiplocele,  413. 
Epiphysis — see  various  bones. 
Episcleral  vessels,  125. 
Epispadias,  566. 
Epistaxis,  17,  144. 
Epitrochlea,  286. 

fracture  of,  291. 
Epitympanic  recess,  55. 
Epoophoron,  587. 
Erectile  body — nose,  148. 
Estlander's  operation,  357. 
Ethmoidal  cells,  154. 

inflammation  of,  155. 
surgery  of,  155. 

labyrinth,  hypertrophy  of,  152. 
Eustachian  tube,  58,  146. 

development  of,  47. 

in  child,  58. 

isthmus  of,  58. 

obstruction  of,  61. 

pharyrigeal  orifice  of,  177. 

tympanic  orifice  of,  56. 
Exognathion,  173. 
Exophthalmic  goitre,  210. 
Exophthalmos,  19. 
Expression,  facial,  73. 
External  abdominal  ring,  386,  402. 
blood-vessels  related  to,  403. 

angular  process  of  frontal  bone,  I,  2. 
External  auditory  meatus,  50. 

abscess  of,  53. 

atresia  of,  54. 

blood-vessels  of,  52. 

bony  segment  of,  51. 

cartilaginous  segment  of,  51 

direction  of,  52. 

exostoses  of,  54. 


External  auditory  meatus,  in  the  infant,  52. 
methods  of  examination,  52. 
nerves  of,  52. 
relationships    of,    in     their    pathological 

bearings,  53. 

to  the  mastoid  antrum,  53. 
skin  of,  51. 

sources  of  purulent  discharge  from,  54. 
varying  calibre  of,  52. 
watery  discharge  from,  20. 
External  carotid  artery,  219. 

ligature  of,  95,  219. 
iliac  artery,  514. 
aneurysm  of,  517. 
branches  of,  517. 

ligature  of — Abernethy's  method,  518. 
Cooper's  method,  518. 
retro  peritoneal,  517. 
transperitoneal,  517. 
lymphatic  glands,  420,  603. 
mammary  artery,  261. 
oblique  muscle,  386,  402,  415. 
semicircular    canal,    bony  projection    of, 

56. 

in  mastoid  operations,  67. 
topography  of,  68. 

Extracapsular  fractures  (femur),  633,  635. 
Extradural  abscess,  25. 

haemorrhage,  29. 

space,  25. 

Extravasation  of  urine,  558. 
Extroversion  of  bladder,  567. 
Eye,  region  of,  103. 
Eyeball,  124. 

anterior  chamber  of,  1 28. 

blood  supply  of,  1 39. 

coats  of— see  Chorioid,  Retina,  Sclerotic. 

congenital  defects,  134. 

dangerous  area  of,  131. 

development  of,  132. 

evisceration  of,  131. 

movements  of,  120. 

within  Tenon's  capsule,  118. 

nerves  of,  1 22. 

normal  fundus  of,  135. 

posterior  chamber  of,  128. 

refractive  media  of — see  Aqueous  humour, 
Lens,  Vitreous. 

veins  of,  140. 
Eyebrows,  103. 

wounds  of,  104. 
Eyelashes,  106. 
Eyelids,  103,  105. 

blood-vessels  of,  106. 

canthi  of,  104. 

coloboma  of,  no. 

congenital  defects  of,  no. 

development  of,  133. 

emphysema  of,  1 08. 

haemorrhage  into,  108. 

movements  of,  104 

muscles  of,  105,  106. 

nerves  of,  106. 

cedema  of,  108,  ill,  123. 

palpebral  ligaments  of,  106. 

pigmentation  of,  107. 

septum  orbitale  of,  106,  108,  113. 

swollen  conditions  of,  108,  in,  123. 
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FACE,  70. 

abnormalities  in  development  of,  78. 

blood-vessels  of,  74. 

bony  framework  of,  70,  84. 

boundaries  of,  70. 

cavernous  lymphangioma  of,  76. 

development  of,  77,  78. 

lymphatics  of,  75. 

muscles  of,  73. 

nsevoid  growths  of,  75. 

nerves  of,  76. 

neuralgia  of,  76. 

regions  of,  71. 

skin  of,  71. 

subcutaneous  tissue  of,  72. 

topography  and   superficial   anatomy   of, 

70. 

wounds  of,  75. 
Facial  artery,  74,  94,  192. 
bones,  84. 
nerve,  57,  61,  67,  74. 

in  mastoid  operations,  66. 

paralysis  of,  74. 
vein,  74,  75,  192. 

deep,  74. 
Faecal  accumulation,  493,  529. 

concretions,  485. 
Falciform  ligament  (saphenous  opening),  606, 

617. 

of  liver,  446. 
Fallopian  tube,  582. 
ampulla  of,  583. 
development  of,  569. 
fimbrise  of,  582. 
infective  processes  within,  585. 
inrandibulum  of,  582. 
isthmus  of,  583. 
mesosalpinx  ol,  571,  583. 
mucous  membrane  of,  583. 
ostium  abdominale,  582. 

uterinum,  582. 
ovarian  fimbria  of,  583. 
palpation  of,  583. 
retention  of  ovum  within,  586. 
rupture  of,  586 
stricture  of,  583. 

Fallopius,  aqueduct  of,  56,  57,  61,  66. 
Fascia,  axillary,  238. 
bicipital,  281,  285. 
bucco-pharyngeal,  179. 
cervical,  190. 
clavi-pectoral,  238,  247. 
cremasteric,  414. 
cribriform,  602,  610. 
intercolumnar,  402. 
laryngo-thyroidea  of  Hiiter,  207. 
iliaca,  407. 
lata,  592,  603. 

iliac  portion  of,  606. 

ilio-tibial  band  of,  602. 

pubic  portion  of,  606. 
of  Abernethy,  516. 

Colles,  389,  556. 

Scarpa,  389,  556. 
obturator,  556. 
orbital,  117,  II 8,  120. 
palmar,  312. 
parotid,  82,  83. 


Fascia,  pectoral,  247,  251. 
penis,  561. 

pelvic,  512,  520,  550,  560. 
perineal,  550. 
plantar,  695. 
popliteal,  643,  644. 
recti,  520. 

view  of,  523. 
recto-vesical,  520,  549. 
renalis,  497,  499,  504. 
temporal,  8,  96. 
transversalis,  387. 
triangular,  386,  406. 
Fat  embolism,  361. 
Fauces,  isthmus  of,  170. 
pillars  of,  170,  178. 
Female  generative  organs,  569. 
Femoral  artery,  613. 
branches  of,  614. 
common,  614. 

ligature  of,  616. 
deep,  614. 
superficial,  614. 

branches  of,  614. 

in  Hunter's  canal,  614. 

in  Scarpa's  triangle,  614. 

ligature  of,  617. 
surgery  of,  615. 
canal,  607. 

view  of,  604. 
hernia,  606. 

conditions  resembling,  610. 

contrasted  with  inguinal,  610. 

course  foll&wed  by,  607. 

differentiated  from  inguinal,  608. 

herniotomy  for  strangulation,  610. 

radical  cure  of,  611. 

strangulation  of,  610. 

taxis  in,  610. 

the  bladder  in,  609. 

the  hernial  sac  and  its  contents,  608. 
lymphatic  glands,  602. 
or  crural  canal,  607. 
ring,  603. 

abdominal  aspect  of,  607. 

boundaries  of,  607. 

relationships  of,  608. 
sheath,  387,  497,  603. 
trigone,  409,  5*4' 
vein,  603,  614. 

wound  of,  6 1 6. 
Femoro-tibial  joint,  653. 
movements  at,  653 

Femur,  adductor  tubercle  of,  642,  649. 
condyles  of,  649. 
dislocations  of,  625. 

displacements  in  fractures  of  shaft  of,  637. 
fracturt  s  of  neck  of,  633,  634. 

shaft  of,  637. 
great  trochanter  of,  619. 
incisions  to  reach,  636. 
lower  epiphyseal  line  of,  642. 
lower  extremity  of,  649. 
neck  of,  619. 

ossification  of  lower  extremity  of,  649. 
osteoporosis  of,  635. 

relationships  of,  to  the  main  vessels,  636. 
shaft  of,  635. 
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Femur,  structure  of  neck,  633. 

suppurative  periostitis  of,  648. 

upper  extremity  of,  619. 
Fenestra  ovalis,  57. 

rotunda,  57. 
Fibro-cartilages,  91,  239. 

semilunar,  of  knee,  652,  660. 

triangular,  of  wrist,  320,  324. 
Fibrous  sheaths  of  the  flexor  tendons,  313. 
Fibula,  fractures  of,  674,  687. 

head  of,  642. 

peroneal  ridge  of,  664. 

surface  anatomy  of,  664. 
Fifth  nerve — see  Branches. 

surgery  of — see  Branches. 
Filaria  sanguinis,  419. 
Filiform  papilke  of  tongue,  160. 
Filtering  angle  of  eyeball,  131. 
Filum  terminale,  533. 
Fimbriae  of  Fallopian  tube,  582. 
Fingers,  abscesses  in,  317. 

amputations  of,  327. 

contraction  of,  316. 

directions  for  incisions  in,  318. 

palmar  aspect  of,  310. 

pulp  of,  310. 

synovial  sheaths  of  flexor  tendons  of,  li 
j  >  j 

wounds  of,  319. 
Fissure  or  fissures,  chorioidal,  133,  134. 

for  ductus  venosus,  445. 

for  obliterated  umbilical  vein,  445. 

Glaserian,  57,  90. 

of  anus,  530. 

of  brain,  surface  relationships,  40. 

of  lung,  360. 

of  Rolando,  41. 

of  Santorini,  51. 

of  Sylvius,  40. 

parallel,  44. 

parietal,  16. 

parieto-occipital,  40. 

portal,  445. 

prostatic,  550. 

pterygo-maxillary,  97. 

sphenoidal,  20. 

spheno-maxillary,  88,  115. 
Fistula,  auricular,  49. 

between  gall-bladder  and  intestine,  458. 

bi-mucosa,  546. 

biliary,  458. 

congenital,  232. 

corneo-scleral,  132. 

gastric,  441. 

gluteal,  596. 

in  ano,  527. 

lachrymal,  1 14. 

muco-cutaneous,  546. 

perineal,  563. 

recto-vesical,  532,  546. 

salivary,  82. 

umbilical,  401,  402. 

urinary,  563,  609. 

vesico-vaginal,  578. 
Flat-foot,  703,  704. 
Flechsig,  areas  of,  39. 
Floating  colon,  43 1 . 

intestine,  474. 

kidney,  505. 


Floating  patella,  564. 

Foetal  skull,  21. 

Fold  of  nates,  589,  623. 

Folds,    aryteno-epiglottidean,    167,    200,  204, 

205. 
Fontanelle,  occipital,  23. 

sagittal,  1 6. 
Fontanelles,  22. 
Fontana,  spaces  of,  140. 
Foot,  689. 

amputations  of,  688,  698. 

arched  structure  of,  695. 

bones  and  articulations  of,  693. 

deformities  of,  701,  703. 

disease  of,  697. 

dislocations  of,  685. 

dissections  of,  690,  691. 

strain  borne  by,  696. 

superficial  veins  of,  692. 

synovial  cavities  of,  695. 

topography  and  superficial  anatomy,  690, 
Foramen  caecum  of  skull,  31. 
tongue,  160,  211. 

inferior  dental,  80,  101. 

infraorbital,  89,  90,  157. 

jugular,  31. 

lacerum,  20. 

magnum,  21. 

mastoid,  II. 

mental,  101. 

of  Key  and  Retzius,  27. 

of  Majendie,  27. 

of  Monro,  27. 

of  Winslow,  431,  433,  447  >  4^9- 

optic,  114. 

parietal,  u. 

sacro  sciatic,  594. 

spinosum,  20,  29. 

supraorbital,  6. 
Forearm,  294. 

abscesses  of,  300. 

adjustment  of  splints  to,  304. 

amputations  of,  305. 

arteries  of,  297. 

bones  of,  300. 

deep  fascia  of,  296. 

dislocations  of,  290. 

fractures  of,  302,  303. 

interosseous  membrane  of,  301. 

muscles  of,  296. 

oblique  ligament  of,  301. 

pronation  and  supination  of,  301. 

resection  of  the  bones  of,  305. 

subcutaneous  tissue  of,  296. 

superficial  veins  of,  283. 

surface  markings  of,  295. 

topography  and  superficial  anatomy,  294. 

transverse  section  through,  297. 
Foregut,  397. 
Fornix  of  conjunctiva,  no,  112. 

of  vagina,  573,  575. 
Fossa  or  Fossae,  antecubital,  270. 

antihelix,  48. 

canine,  85. 

cloacal,  538,  565. 

coronoid,  289. 

cranial,  17,  19,  20,  21. 

digastric,  64. 
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Fossa  or  Fossae,  digital,  of  testis,  416. 

duodenal,  468,  469. 

duodeno-jejunalis,  468. 

fraenuli,  561. 

glenoid,  for  lower  jaw,  20,  90. 
of  scapula,  264. 

ileo-caecal,  481. 

ileo-colic,  481. 

iliac,  497. 

ilio-pectinea,  606. 

infraclavicular,  234. 

inguinal,  407,  408. 

intersigmoid,  490. 

ischio-rectal,  527,  556. 

jugular,  55. 

lachrymal,  112,  114. 

mastoidea,  63. 

nasal,  144. 

navicularis  (urethra),  562. 

obturator,  516,  582. 

olecranon.  286. 

of  Landzert,  468. 

of  Rosenmiiller,  177,  231. 

ovalis,  368. 

ovarian,  582,  597. 

paraduodenal,  468,  471. 

pararectal,  516,  520. 

paravesical,  515,  540. 

patellaris,  137. 

pituitary,  19. 

pyriform,  179. 

radial,  287. 

retrocaecal,  438. 

scaphoid  (pinna),  48. 

spheno-maxillary,  97,  98,  182. 

submaxillary,  187,  192. 

supraclavicular,  228. 

suprasternal,  187. 

supra tonsillar,  175,  231. 

supravesical,  408. 

temporal,  9. 

triangular  (pinna),  48. 

trochanteric,  620,  634. 
Fourth  nerve,  121. 
Fovea  centralis  retinae,  135,  136. 

femoralis,  409,  514,  607. 
Fractures — see  several  bones. 
Frsenum  linguae,  161. 

praeputii,  561. 
Frontal  groove,  I. 

artery,  4,  6. 

sinus,  152,  153. 
drainage  of,  154. 
empyema  of,  153. 
fracture  of,  153. 
surgery  of,  154. 

Fronto-nasal  passage,  instrumentation  of,  154. 
Fundus  of  eyeball,  135. 

gall-bladder,  445,  456,  458,  488. 

stomach,  434,  436. 

uterus,  569,  575,  57°. 
Fungiform  papillae  of  tongue,  160,  163. 
Fungus  of  the  dura  mater,  25. 
Funicular  process  of  the  peritoneum,  405,  409. 

imperfect  closure  of,  406. 

hernia  into,  410. 
Furrow,  mento-labial,  70. 

naso-labial.  70. 


Furrow,  of  forehead,  3,  74. 
palpebro-malar,  72. 

GALL-BLADDER,  456. 

abdominal  incisions  to  reach,  458. 
adhesions  of,  to  neighbouring  structures, 

456. 

distension  of,  457. 
dropsy  of,  457. 
empyema  of,  457. 
enlargement  of,  448. 
fundus  of,  445,  456,  458,  488. 
obstructed  by  movable  right  kidney,  470, 

505- 

occasional  mesentery  of,  456. 

operations  on,  458. 

palpation  of  the  distended,  458. 

relationship   to    supramesocolic  compart- 
ment, 457. 

surface  anatomy  of,  456. 

ulceration  of,  456. 
Gall-stones,  456. 

intestinal  obstruction  caused  by,  456. 
Ganglion  at  the  wrist,  319. 
Gartner's  duct,  587. 
Gasserian  ganglion,  20. 

excision  of,  IO2. 
Gastreciasis,  atonic,  437. 

stenotic,  437. 
Gastrectomy,  440,  441. 

blood-vessels  divided  in,  442. 
Gastric  ulcer,  436. 

abscess  following,  439. 

adhesions  following,  439. 

complications  of,  438. 

haemorrhage  from,  439. 

perforation  of,  439. 

remote  consequences  of,  440. 
Gastro-colic  ligament,  433,  489. 

omentum — see  Omentum. 
Gastro-duodenostomy,  442. 
Gastro- enter ostomy,  442. 

anterior  or  precolic,  444. 

by  method  of  Hacker,  444. 
Roux,  444. 
Wolfler,  W( 

posterior  or  transmesocolic,  443,  444. 
Gastro-hepatic  omentum,  434,  442. 
Gastro-splenic  omentum,  433,  460. 
Gastrocnemius  muscle,  643,  646. 
Gastrostomy,  441. 
Gastrotomy,  441. 
Generative  organs,  female,  569. 

male,  416,  561. 
Genital  folds,  565. 

tubercle,  565. 

Genito-crural  nerve,  497,  517,  614. 
Genu  valgum,  658. 

dissected  specimen  of,  659. 

osteotomy  for,  660. 
Gimbernat's  ligament,  386,  603. 
Giraldes,  organ  of,  423. 
Girdle,  shoulder,  238. 
Glabella,  I. 
Glans  penis,  561. 
Glaserian  fissure,  57,  90. 
Glaucoma,  131,  132,  137. 
Glaucomatous  cup,  131,  137. 
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Glenoid  fossa  (scapula),  264 
for  lower  jaw,  20,  90. 
ligament,  265. 

Gleno-humeral  ligaments,  264. 
Glisson's  capsule,  446,  447,  449. 
Globular  processes,  77,  79. 
Glomeruli,  renal,  506. 
Glossitis,  chronic  superficial,  163. 

parenchymatous,  167. 
Glossopharyngeal  nerve,  101,  162. 
Glosso-epiglottidean  folds,  160. 
Glottis,  200. 

oedema  of,  205. 
Gluteal  abscesses,  596. 
aneurysms,  598. 
artery,  594,  598. 

superficial  guide  to,  591- 
bursae,  592,  597. 

Gluteal  region,  anastomoses  in,  598. 
dissection  of,  593,  595- 
faecal  fistula  in,  596. 
hernise  in,  597. 
subcutaneous  tissue  in,  592. 
topography  and  superficial  anatomy  of, 

589. 

traumatic  aneurysms  in,  596. 

urinary  fistula  in,  596. 

view  of  blood-vessels  of,  595. 

wounds  in,  596. 
Gluteus  maximus  muscle,  592. 

bursas  beneath,  592,  597. 

structures  beneath,  592. 
Gluteus  medius  muscle,  594,  596,  630. 

minimus  muscle,  594,  596. 
Goitre,  209. 

pressure  effects  of,  210. 
varieties  of,  209. 
Gosselin's  fracture  en-  V,  676. 
Graafian  follicles,  584. 
Great  occipital  nerve,  6. 
Great  sacro-sciatic  foramen,  594,  596. 

structures  traversing,  594. 
Great  trochanter,  617. 

muscular  attachments  of,  596. 
Groin,  384,  599. 
Gubernaculum  testis,  404. 

HABENULA  caeci  of  Krause,  479. 
Haematoma  of  ear,  50. 

scalp,  8. 
Haemorrhage,  axillary,  253. 

cerebral,  35. 

extradural,  29. 

from  the  tongue,  655. 
tonsil,  176. 

meningeal,  29. 

retro-orbital,  108,  116. 

subarachnoid,  30. 

subdural,  30. 
Hsemorrhoidal  blood-vessels,  525. 

lymphatic  glands,  526, 

nerves,  526,  556. 
Haemorrhoids,  528. 

external,  529. 

internal,  529 

predisposing  conditions,  529. 

prolapse  of,  529. 
Hssmosalpinx,  586. 


Hsemothorax,  345. 
Hallux  valgus,  691. 
Hamstring  muscles,  60 1. 

contraction  of,  655. 

tenotomy  of,  648. 
Hamular  process,  170,  174. 
Hand,  306. 

amputation  of,  323. 

arterial  arches  of,  314. 

blood-vessels  of  palm  of,  314. 

bones  of,  320. 

cross  section  of,  312. 

dorsal  aspect  of,  310. 
venous  arch  on,  311. 

fasciae  of,  312. 

functions  of,  316. 

palm  of,  308. 

skin  on  dorsum  of,  311. 

synovial  sheaths  of,  313,  318,  319. 

wounds  of,  319. 
Hard  palate,  169. 
Hare-lip,  79. 

median,  173. 
Haversian  body  (knee),  644. 

canals,  277,  278. 
Heart,  364. 

anterior  surface  of,  365. 

bed  of,  364. 

displacements  of,  369 

dissections  of,  366,  368. 

gastric  ulcer  perforating,  439. 

hypertrophy  of,  370. 

lower  or  diaphragmatic  surface,  367. 

margo  acutus,  365. 
obtusus,  365. 

movements  of,  364. 

murmurs  or  bruits  of,  369. 

orifices,  topography  of,  368. 

parts  seen  when  pericardium  is  opened, 
366. 

pathological  conditions  of,  370. 

posterior  or  basal  surface  of,  367. 

post-mortem  appearances,  365. 

relationships  to  wall  of  chest,  365. 

superficial  area  of,  367. 

topography  of,  365. 
orifices  of,  368. 

transposition  of,  370. 
Heel,  blood  supply  of,  688. 
Helix,  48. 
Hepatectomy,  453. 
Hepatic  artery,  447. 

ducts,  456,  457,  458. 

flexure  of  colon,  488. 

veins,  447. 

Hepatitis,  chronic  interstitial,  454. 
Hepato-colic  ligament,  488. 

-duodenal  ligament,  447,  456,  457,  468. 
Hepatoptosis,  452. 
Hepato-renal  recess,  457,  500. 

counter-opening  into,  457. 

drainage  of,  467. 

site  of  puncture  for  draining,  453. 
Hepatotomy,  448. 

in  two  stages,  451. 

routes  available  in,  450. 
Hermaphroditism,  pseudo-,  566. 
Hernia,  caecal,  410. 
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Hernia,  femoral,  606. 

funiculi  umbilicalis,  399. 

gluteal,  597. 

inguinal,  varieties  of,  etc.,  409. 

into  canal  of  Nuck,  410. 

into  the  funicular  or  vaginal  process,  410. 

mesenteric,  474,  478. 

obturator,  612. 

of  bladder,  413,  546. 

of  lung,  229. 

properitoneal,  410. 

umbilical,  varieties  of,  398. 

ventral,  392. 

retroperitoneal,  471. 

sciatic,  597. 
Herniotomy,  Bassini's  operation,  415. 

in  femoral  hernia,  611. 

in  inguinal  hernia,  415. 

in  obturator  hernia,  613. 

in  sciatic  hernia,  597. 
Hey's  amputation,  foot,  698. 
leg,  677. 

classification  of  inguinal  herniae,  409 
Hiatus  semilunaris,  147. 
Hilton's  method  of  opening  abscesses,  168. 

white  line,  524. 
Hilum  of  kidney,  499. 

lung,  358. 

spleen,  460. 
Hindgut,  429. 
Hip,  587,  619. 

altered  contour  with  dislocation,  627. 

dislocations  at,  625. 

topography  of,  587. 
Hip-joint,  619. 

accessory  bands  of  the  capsule  of,   634, 
605,  620. 

amputation  at,  631. 

control  of  haemorrhage  in,  6jl. 
structures  divided  in,  632. 

disease  of,  622. 

dislocations  of,  624,  625,  628. 

effusion  into,  623. 

excision  of,  by  a  posterior  incision,  630. 
by  an  anterior  incision,  630. 

ligaments  of,  620. 

movements  at,  622. 

muscles  surrounding,  621. 

nerve*  supplying,  621. 

sources  of  stability,  621. 

synovial  membrane,  621. 

weak  points  in  capsule  of,  622. 
Holden's  line,  600. 
Hordeolum,  109. 
Horseshoe  kidney,  503. 
Hour-glass  stomach,  440. 
Housemaid's  knee,  644. 
Houston's  valves  of  the  rectum,  520. 
Ilumero-radial  articulation,  284. 
Humero-ulnar  articulation — see  Elbow-joint. 
Humerus,  272. 

anatomical  neck  of,  272. 

condyles  of,  284. 

deltoid  eminence  of,  273. 

dislocations  of,  266,  289. 

epiphyses  of,  277. 

separation  of,  277,  292. 

fractures  of,  274,  291. 


Humerus,  lower  extremity  of,  286. 

medullary  canal  of,  273. 

muscles  attached  to,  274. 

musculo-spiral  groove  of,  273. 

ossification  of,  276. 

pseudarthrosis  following  fractures  of,  276. 

relations  of,  274. 

sarcomata  of  upper  extremity  of,  269. 

shaft  of,  273,  274. 

supracondyloid  fracture  of,  275,  292. 
ridges  of,  272. 

surgical  neck  of,  272. 

T-shaped  fracture  of  lower  extremity,  292. 
Humour,  aqueous,  128. 
Hunter's  canal,  614,  618,  638. 
Hunterian  operation,  617. 
Hyaloid  artery,  133,  139. 

canal,  133,  138. 
Hydatid  cysts  of  liver,  45 1 . 
Hydatid  of  Morgagni,  423. 

in  female,  587. 
Hydrencephalocele,  22. 
Hydrocele,  encysted,  of  tunica  vaginalis,  423. 

of  the  cord,  425. 

of  the  neck,  233. 

vaginal,  422. 
Hydronephrosis,  577. 
Hydrosalpinx,  586. 
Hydrothorax,  356. 
Hydro-ureter,  577. 
Hyoglossus  muscle,  161,  192,  195. 
Hyoid  bone,  160. 

accessory  thyroids  in  region  of,  211. 

attachments  and  relations  of,  196. 

fractures  of,  196. 

relation  of  great  cornu  to  lingual  artery, 

192. 

Hypertrophy  (senile)  of  the  prostate,  551. 
Hypochondriac  regions  of  abdomen,  385. 
Hypogastric  artery,  obliterated,  398. 

fossa,  516. 

region,  385. 

Hypoglossal  nerve,  162,  167,  192. 
Hypospadias,  566. 
Hypothenar  eminence,  308. 
Hysterectomy,  abdominal,  580. 

for  uterine  cancer,  579. 

structures  to  be  avoided  in,  580. 

vaginal,  581. 

disadvantages  of,  582. 
risks  attending,  582. 

varieties  of,  579. 
Hystero-myomectomy,  580. 

ICHTHYOSIS  linguae,  163. 
Ileo-caecal  fold,  481. 
Ileo-caecal  fossa,  481. 
intussusception,  483. 
valve,  479. 

efficiency  of,  482. 

frsena  or  retinacula  of,  479. 

segments  of,  479. 

stenosis  of,  483. 

structure  of  479. 
Ileo-colic  blood-vessels,  481. 

fold,  481. 

fossa,  481. 

intussusception,  484. 
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Ileum,  472. 
Iliac  abscess,  498. 
arteries,  516. 
common,  516. 

external — see  External  iliac  art. 
internal — see  Internal  iliac  art. 
colon,  489. 
crest,  380,  589. 
fascia,  497. 
fossa,  497. 

blood-vessels  in,  498. 
contents  of,  497. 
lymphatic  glands,  420,  578,  603 
portion  of  the  fascia  lata,  606. 
regions  of  abdomen,  385. 
spine,  anterior  superior,  589,  614,  638. 

posterior  superior,  589. 
Ilio-femoral  aneurysm,  517. 

ligament,  620. 
-lumbar  artery,  498,  518. 

ligament,  497. 

-pectineal  eminence,  603,  615. 
ligament,  603. 
line,  514,  603. 

-psoas  muscle,  498,  603,  606. 
-tibial  band  (fascia  lata),  602,  603. 
-trochanteric  ligament,  620. 

line,  591. 

Imperforate  anus,  539. 
Incontinence  of  faeces,  533. 

urine,  533. 

Indirect  inguinal  hernia,  408. 
Incisura  Rivini,  55. 
Infantile  hernia,  398,  410. 
Inferior  dental  nerve,  100. 

excision  of,  101. 

Inferior  maxilla — see  Lower  jaw. 
Infraclavicular  fossa,  234. 

lymphatic  glands,  251,  258. 
Infraorbital  foramen,  89,  90,  157. 
artery,  74,  88,  98. 
nerve,  76,  88,  89. 
surgery  of,  90. 
Infrapatellar  bursa,  650. 
pad  of  fat,  642,  657. 
Infrahyoid  region,  186,  196. 
Infundibuliform  fascia,  387,  424. 
Infundibulo-pelvic  ligament,  571. 
Infundibulum  of  nose,  146. 
Inguinal  canal,  406. 

altered     relationships    in    old    hernise, 

411. 

dissection  of,  404,  405. 
extension  of  abscesses  along,  498. 
in  the  female,  407. 

foetus  and  young  child,  407. 
colotomy  (colostomy),  495. 
fossae,  407,  408. 
hernia,  409. 

acquired  or  virile  (Hey),  411,  412. 
associated  with  undescended  testis,  401. 
congenital,  409. 

in  the  female,  410. 
direct  or  internal,  408. 
indirect,  external,  or  oblique,  408. 
infantile,  410. 
interstitial,  411. 
predisposing  causes  of,  411. 


Inguinal  hernia,  radical  cure  of,  415. 
strangulation  of,  416. 
taxis  in.  414. 
varieties  of,  409. 
lymphatic  glands,  389,  602. 
region,  402. 

from  behind,  407. 

the  front,  402. 
structural  defects  of,  409. 
Inguino-axillary  lines,  257,  262. 
Inion,  n. 

Innominate  artery,  223. 
aneurysm  of,  223. 
ligature  of,  224. 
Interarticular  fibro-cartilage  (temp.  max.  joint), 

91- 

Interarytenoid  fold,  204. 
Interclavicular  ligament,  239. 
Intercolumnar  fascia,  402. 
Intercostal  arteries,  346. 

membrane,  anterior,  346. 

posterior,  346. 
muscles,  346. 
nerves,  349. 

in  the  abdominal  wall,  387. 
pain  referred  along,  350. 
spaces,  346. 

Intercosto- humeral  nerve,  25 : ,  260. 
Intermuscular  septa  of  arm,  272. 

of  thigh,  601,  603. 
Internal  abdominal  ring,  387. 

auditory  meatus,  20,  27,  61,  68. 
carotid  artery,  220. 

haemorrhage  from,  176. 
ligature  of,  220. 
cephalhgematoma,  8. 
circumflex  artery,  615. 
derangement  of  knee-joint,  660. 
ear,  47,  62. 
iliac  artery,  518. 
distribution  of,  578. 
divisions  and  branches,  518. 
jugular  vein,  61. 
maxillary  artery,  97,  98. 
anastomoses  of,  348. 
dissection  of,  347. 
pudic  artery,  518,  557,  559. 
saphenous  vein,  602,  665,  66b. 
strangulation  of  intestine,  474. 
Interossei  muscles  of  hand,  333. 
Interosseous  arteries,  297,  298,  306. 
membrane,  forearm,  301,  302. 

leg,  669,  676,  678. 
Interparietal  bone,  1 6. 
Intersigmoid  fossa,  490. 

relation  of  left  ureter  to,  511. 
Intertubercular  bursa,  264,  269. 
Intestinal  loop,  primitive,  430. 
obstruction,  474. 
suture,  476. 
Intestine — see  Duodenum,  Jejuno-ileum, 

Caecum,  Colon,  and  Rectum, 
adenoma  of,  478. 
cancer  of,  478. 
development  of,  429. 
end  to  end  suturing  of,  476. 
floating,  474. 
foreign  bodies  in,  483. 
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Intestine,     large — see     Caecum,     Colon,    and 
Rectum. 

resection  of,  475. 

rotation  of,  during  foetal  life,  430. 

small — see  Duodenum  and  Jejuno-ileum. 

structure  of,  476. 

ulceration  of,  478. 

umbilical  loop  of,  429. 

villi  of,  476. 

Intracapsular  fractures  of  the  femur,  633. 
Intracoracoid  dislocation  of  shoulder,  266. 
Intraligamentary  cysts,  587. 
Intramammary  abscess,  261. 
Intraocular  tension,  125,  131. 
Intrapelvic  abscess,  577. 

cellulitis,  560. 
Intussusception,  483. 

ileo-caecal,  483. 

ileo-colic,  484. 
Intussusceptum,  483. 

pathological  changes  in,  483. 
Intussuscipiens,  483. 
Inversion  of  the  testis,  421. 
Iridectomy,  132. 
Irideremia,  134. 
Irido-cyclitis,  129,  136,  132. 
Iris,  128. 

blood-vessels  of,  129,  140. 

coloboma  of,  134. 

development  of,  133. 

posterior  elastic  lamina  of,  130. 

wounds,  130. 
Iritis,  126,  129. 
Ischio-femoral  ligament,  621. 

-rectal  abscess,  527,  558. 
fossa,  512,  555. 
abscess  in,  527,  558. 
anterior  and  posterior  recesses  of,  5  56. 
fatty  tissue  within,  557. 
Ischium,  555,  591. 

dislocation  of  femur  on  to,  627. 
Isthmus  of  Fallopian  tube,  58. 
thyroid  gland,  207. 
uterus,  569. 

Iter  chordae  anterius,  57. 
posterius,  56. 

JAUNDICE    associated   with   movable   kidney. 

506. 

Jaw — see  Lower  jaw  and  Superior  maxilla. 
Jejuno-ileum,  472. 

arrangement  of  the  coils  of,  472. 

blood-vessels  of,  473. 

herniae  of,  475. 

length  of,  472. 

lymphatics  of,  473. 

mesentery  of,  472. 

mobility  of,  474. 

mucous  membrane  of,  475. 

nerves  of,  473. 

ptosis  of,  475. 

resection  of,  475. 

strangulation  of,  474. 

structure  of,  476. 
Joints — see  various  articulations. 
Jugular  vein,  anterior,  191,  199,  206. 

external,  188,  229. 

internal,  221. 


KERATITIS,  127. 

interstitial,  127. 
Keratoconus,  126. 
Kidney,  499. 

abnormal  conditions  of,  502. 
abscess  of,  506. 
adipose  capsule  of,  499. 

pathological  changes  in,  508. 
anterior  relations  of,  500. 
areas  of  visceral  contact  of,  464. 
circulation  through,  506. 
decapsulation  of,  510. 
ectopia  of,  502. 
extremities  of,  499. 
fibrous  capsule  proper  of,  499. 
floating,  505. 
hilum  of,  499. 

surface  anatomy  of,  502. 
horseshoe,  503. 
in  cross  section,  500. 
in  situ,  464. 
incisions  between  the  vascular  territories 

of,  510. 
influence    upon     the     duodenum     when 

mobile,  470. 
injuries  of,  503. 
left,  access  to  supramesocolic  area  of,  466. 

inframesocolic  area  of,  428. 
marginal  area  of,  499. 
means  of  fixity  of,  504. 
miliary  tuberculosis  of,  506. 
movable,  504. 

normal  range  of  movement  of,  505. 
operative  surgery  of,  507. 
paths  by  which  infection  may  reach,  506. 
pelvis  of,  511. 
perirenal  fascia  of,  499. 
perirenal  fat  of,  499,  508. 
posterior  relations  of,  499. 
pressure  forces  acting  upon,  504. 
relationship    to   twelfth   rib  and   pleura, 

503. 

rupture  of,  504. 
supernumerary,  503. 
surface  anatomy  of,  502- 
surgical,  507. 

treatment  of  pedicle  in  nephrectomy,  508. 
variability  in    areas  of  visceral  contact, 

501. 

vascular  territories  of,  510. 
viewed  from  behind,  501. 
Knee,  640. 

appearances    presented    in     flexion     and 

extension,  640. 
attitude  in  disease,  654. 

genu  valgum,  641. 
bursse  in  region  of,  644,  646.  647. 
housemaid's,  644. 
posterior  aspect  of,  643. 
topography  and  superficial  anatomy,  640. 
Knee-joint,  649. 

anastomoses  around,  646. 
ankylosis  of,  655. 
arthrectomy  of.  656. 
blood-vessels  of,  652. 
bones  entering  into,  629. 
capsule  of,  650. 
disease  of,  654. 
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Knee-joint,  effusion  into,  657. 

external  ligaments  of,  651. 

fibro- cartilages  of,  652,  660. 

hydrops  of,  654. 

incisions  for  draining,  654. 

interarticular  line  of,  642. 

internal  derangement  of,  660. 

internal  ligaments  of,  652. 

loose  bodies  in,  660. 

movements  of,  653. 

nerves  supplying,  652. 

operative  surgery  of,  656. 

transverse  section  through,  651. 

tubercular  disease  of,  655. 
Knock-knee,  658. 
Knuckles,  prominences  of,  311. 
Kraske's  sacral  resection  of  the  rectum,  534. 

LABIA  majora,  566. 
Labyrinth  of  ear,  47,  62. 

implication  of,  in  middle-ear  disease,  62,  65. 
Lachrymal  abscess,  114. 

apparatus,  in. 

gland,  112. 

extirpation  of,  113. 
nerves  of,  113. 

groove,  115. 

papillae,  112. 

passages,  inflammation  of,  113. 

sac,  85,  112. 

dilatation  of,  114. 
swelling  of,  1 14. 

Lactiferous  ducts,  256,  258,  259. 
Lacuna  magna  of  urethra,  562. 

musculorum,  497,  603. 

vasorum,  603. 
Lacunae   laterales  —  see  Superior   longitudinal 

sinus. 

Lacus  lachrymalis,  104. 
Lagophthalmos,  74. 
Lambda,  n. 
Lambdoid  suture,  2. 
Lamina  cribrosa  (sclerotic),  124. 

elastic  (posterior)  of  iris,  130. 
Landzert,  fossa  of,  468. 
Large  intestine — see  Caecum,  Colon,  Rectum. 

external  appearances  of,  491. 

obstruction  of,  493. 

ulceration  of,  482,  494. 
Laryngeal  nerve,  inferior,  2OI,  21 1,  213. 

superior,  197,  201. 
Laryngeal  pouch,  200. 
Laryngoscopic  examination,  203. 
Laryngotomy,  202. 
Laryngo-tracheotomy,  202,  206. 
Larynx,  199. 

blood-vessels  of,  20 1. 

compartments  of,  200. 

excision  of,  202. 

external  relationships,  199. 

inflammation  of,  205. 

interior  of,  200. 

intrinsic  muscles,  199. 

lymphatics,  201. 

malignant  disease  of,  205. 

mobility,  199. 

mucous  membrane,  200,  202,  205. 

nerves,  201. 


Larynx,  new  growths,  205. 
ventricle  of,  200. 
vestibule  of,  2oc. 

Lateral  ligaments — see  various  articulations, 
lithotomy,  558. 

accidents  and  complications  in,  559. 
parts  divided  in,  559. 
sinus,  31. 

Birmingham's  lines  for,  46. 
bony  groove  for,  63. 
genu  of,  46. 

in  mastoid  operations,  66. 
thrombosis  of,  32,  65,  69. 
topography  of,  45. 
ventricle,  sites  for  tapping,  44. 

topography  of,  44. 
Latero-pharyngeal  abscess,  182. 
Layers  of  blastoderm,  396. 
Leg,  664. 

amputations  of,  676,  678. 

attitude  of,  in  ankylosis  of  knee-joint,  655. 

blood-vessels  of,  670. 

bones  of,  673. 

deep  fascia  of,  669. 

districts  of,  665. 

Farabceufs  amputation  of,  677. 

haemorrhage  from  deep  wounds  of,  672. 

Key's  amputation  of,  677. 

intermuscular  septa  of,  664,  669. 

modified  circular  amputation  of,  677. 

osteo-fascial  compartments  of,  669. 

pathological  conditions  affecting  skin  of, 

665. 

peroneal  sulci  of,  664. 
subcutaneous  veins  of,  665,  668. 
Teale's  amputation  of,  678. 
topography  and  superficial  anatomy  of,  664. 
transverse  section  through,  665,  680. 
types  of  varicosity  of  veins  of,  667. 
ulcers  of,  665. 
varicose  veins  of,  667. 
Leg  bones,  673. 

division  of,  in  amputations,  678. 
fractures  of,  674. 
Leiomyoma  of  uterus,  578. 
Leukoma  of  cornea,  127. 
Lens,  crystalline,  137. 

as  a  refractive  medium,  138. 
development  of,  133. 
radii  of,  137. 

suspensory  ligament  of,  1 38. 
vascular  tunic  of,  133. 
vesicle,  133. 

Lenticulo-striate  artery,  35. 
Leontiasis  ossea,  116. 
Leptomeningitis,  12,  61. 
Lesser  peritoneal  sac,  development  of,  433. 

evacuation  of  abscess  in,  439. 
trochanter,  620. 

Levator  ani  muscle,  523,  533,  555. 
palpebrse  superioris,  106,  108. 
Lieberkiihn's  glands,  477. 
Lienculi,  460. 

Lieno-renal  ligament,  460,  463. 
Ligamentum  latum  pulmonis,  352. 
mucosum,  652. 
patellae,  650. 
pectinatum  iridis,  124. 

46 
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Ligamentum  teres  of  liver,  447. 
Limen  vestibuli,  1 45. 
Line,  axillary,  339. 

ilio-pectineal,  514,  603. 

inguino-axillary,  257,  262. 

intertrochanteric,  619. 

mammary,  338. 

mid-sternal,  338. 

of  pleural  reflexion,  352. 

parasternal,  338. 

parieto-mastoid,  43. 

Poupart,  385. 

Rolandic,  41. 

Sylvian,  40. 

white,  of  anus,  524. 

of  neck,  199. 
Linea  alba,  382. 

constitution  of,  387. 

incisions  in,  393. 

visceral  relationships  of,  383. 

aspera  of  femur,  636. 

semilunaris,  384. 

incisions  in,  393. 
Linese  albicantes,  381,  388. 

transversse,  386. 
Lingual  artery,  195. 

ligature  of,  195. 

nerve,  100,  101,  162,  164. 

triangle,  192,  195. 

vein,  162,  195,  215. 
Lips,  70. 

epithelioma  of,  76. 
Lisfranc's  amputation  (foot),  698. 

ligament,  694,  699. 
Litholapaxy,  558. 
Lithotomy,  lateral — see  Lateral  lithotomy. 

median,  560. 

disadvantages  of,  560. 
parts  divided  in,  560. 

suprapubic,  547. 
Littre's  hernia,  608. 
Liver,  445. 

abnormal  mobility  of,  452. 

abscesses  of,  449,  450,  451. 

alterations  in  level  of,  448. 

blood-vessels  of,  447. 

cancerous  metastases  in,  456. 

channels  by  which   infection   may  reach, 

cirrhosis  of,  454. 

effects  of  tight  lacing  on,  452. 

great  longitudinal  fissure  of,  445. 

hydatid  cysts  of,  451. 

ligaments  of,  447. 

modes  of  access  to,  449. 

paths  of  extension  of  abscesses  from,  450. 

peritoneal  connections  of,  446. 

portal  canals  of,  447. 

portion  of,  related  to  epigastrium,  448. 

ptosis  of,  452. 

reflex  symptoms  with  abscess  of,  450. 

relation    to    costo-diaphragmatic    pleural 

recess,  448. 
Riedel's  lobe,  452. 
supporting  arrangements  of,  452. 
surface  anatomy  of,  447. 
surgical  arrest  of  haemorrhage  from,  454. 
tuber  omentale  of,  445. 


Liver,  visceral  surface  of,  445. 

wounds  and  contusions  of,  449. 
Lobule  of  ear,  48,  49. 
Localisation,  cerebral,  36,  38. 
Longitudinal  sinus,  superior,  31,  43. 
Lordosis  in  hip  disease,  623. 
Lower  jaw,  90. 

blood-vessels  in  relation  to,  94. 

condyle  of,  79,  91. 

excision  of,  94. 

fractures  of,  93. 

parts  divided  in  excision  of,  95. 

possible  mistakes  in  excision  of,  95 

tumours  of,  94. 
Lud wig's  angina,  168,  194. 
Lumbar  colotomy,  494. 

glands,  420,  532,  573. 

incisions,  394. 
Lumbar  region,  385,  497. 

abdominal  incisions  in,  394. 

abscess  in,  498. 

aponeuroses  in,  497. 

puncture  in,  457,  467. 
Lungs,  358. 

abscess  of,  362. 

apex  of,  229,  338,  359. 

at  birth,  354. 

blood-vessels  of,  361. 

cirrhosis  of,  361. 

collapse  of,  355- 

difficulties  attending  surgery  of,  362. 

elasticity  of,  355. 

extent  in  root  of  neck,  229,  338. 

fissures  of,  360. 

incisura  cardiaca  of,  359. 

lingula  of,  359. 

lobes  of,  358. 

lymphatics  of,  360. 

malignant  disease  of,  362  . 

metastatic  deposits  in,  361. 

obstructed  circulation  in,  362. 

pigmentation  of,  360. 

pressure  conditions  within,  355- 

relations  of,  to  front  of  chest,  352. 
lateral  aspect  of  chest,  353- 

right  and  left,  contrasted,  358. 

root  of,  358. 

,  surgery  of,  362. 

topography  of,  359. 
Luschka's  tonsil,  179,  181. 
Lymphadenoma,  malignant,  461. 
Lymphangioma,  cavernous,  76,  233. 
Lymphoid  follicles  of  intestine,  477. 
Lymphatic  glands — see  under  various  regions. 


MACROCHEILIA,  70. 

Macroglossia,  167. 

Macrostoma,  79- 

Macrotia,  49. 

Macula  lutea,  119,  135. 

Majendie,  foramen  of,  27. 

Malar  bone,  71,  85,  88. 

Malleolar  folds  of  membrana  tympani,  58. 

Malleoli,  679,  686. 

fractures  of,  686. 
Malleus — see  Auditory  ossicles. 
Mammary  gland,  255. 
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Mammary  gland,  areola  of,  256. 
abscess  in,  261. 
at  puberty,  257. 
axillary  process  of,  257. 
blood-vessels  of,  261. 
cancer  of,  259. 

congenital  abnormalities  of,  262. 
development  of,  257. 
during  pregnancy,  257. 
examination  of,  258. 
external  configuration  of,  256. 
inflammation  of,  261. 
in  the  adult,  257. 
foetus,  257. 

infant  and  young  child,  257. 
irregular  processes  of,  261. 
lymphatics  of,  258. 
nipple  of,  256,  259. 
offshoots  from,  257. 
structure  of,  257. 
supernumerary,  262. 
suspensory  ligaments  of,  257,  259. 
variations  in,  255. 
Mammary  line,  338. 
Mandibular  arch,  77,  231. 
Manubrium  sterni — see  Sternum. 
Margo  acutus  of  heart,  365. 

obtusus  of  heart,  365. 
Masseter  muscle,  79,  93,  96. 
Masseteric  region,  79. 
Mastication,  muscles  of,  92,  IO2. 
Mastitis,  261. 

Mastoid  and  tympanic  operation,  67. 
Mastoid  antrum,  51,  56,  62. 
aditus  of,  57,  67. 

approach  to  from  ext.  aud.  meatus,  67. 
development  of,  64. 
extension  of  infection  from,  64. 
surgery  of,  65,  67. 
cells,  62. 

cortical,  51,  56. 
effects  of  disease  upon,  62. 
emissary  vein,  16,  64. 
process,  I,  63. 
Masloiditis,  62. 
Masto-squamous  suture,  64. 
Maxilla,  inferior — see  Lower  jaw. 
superior,  84. 
excision  of,  87. 
fractures  of,  85. 
tumours  of,  85. 
Maxillary  nerve,  superior,  89. 
region,  84. 
sinus,  85,  147,  156. 
empyema  of,  156. 
evacuation  of  contents  of,  156. 
relations  of,  85. 
M'Burney's  incision,  486. 
Meatus,  external  auditory — see  External  audi- 
tory meatus. 

internal  auditory,  20,  27,  61,  68. 
urinarius,  561. 
Meatuses  of  nose,  146. 
Meckel's  cartilage,  171. 
diver  ticulum,  399,  401. 

a  cause  of  internal  strangulation,  474. 
ganglion,  85,  89. 
surgery  of,  90. 


Median-basilic  vein,  283,  285. 
-cephalic  vein,  283. 
lithotomy,  560. 
nerve,  278,  329. 

branches  and  distribution  of,  329. 
injury  of,  331. 
paralysis  of,  332. 
Mediastinal  lymphatic  glands,  349. 

pleura,  352. 
Mediastinum,  363. 

abscess  within,  363. 
subdivisions  of,  363. 
tumours  of,  364. 
Mediastinum  testis,  417. 
Mediastinitis,  363. 
Medio-carpal  articulation,  320. 
Megalogastria,  436. 
Meibomian  glands,  106. 
Meissner's  plexus  (intestine),  473. 
Membrana  flaccida,  55. 
reuniens,  399. 
sacciformis,  301. 
tympani,  55. 

attachments  of,  51. 
blood-vessels  of,  55. 
development  of,  47. 
luminous  triangle  of,  59. 
nerves  of,  55. 

otoscopic  appearances  of,  58. 
paracentesis  of,  59. 
perforation  of,  54,  59. 
secundaria,  57. 
umbo  of,  55>  5&- 
Membrane,  cloacal,  538. 
costo-coracoid,  247. 
crico-thyroid,  187,  206. 
interosseous,  of  forearm,  301,  302. 

leg,  669,  676,  678. 
obturator,  612. 
Schneiderian,  144. 
Shrapnell's,  55. 
thyro-hyoid,  197. 
tympanic,  55- 
Membranes  of  brain,  23. 

fcetus,  597. 

Membranous  urethra — see  Urethra. 
Meningeal  arteries,  28. 
haemorrhage,  29. 

trephining  for,  29. 
Meningitis,  28,  59. 
Meningocele,  22. 
Meningo-encephalocele,  22. 
Mento-labial  furrow,  70. 
Mesenteric  folds,  development  of,  431. 
Mesentery,  472. 
cysts  of,  478. 
disease  of,  478. 

division  of,  in  enterectomy,  475. 
length  of,  472. 
lymphangiomata  of,  479. 
mode  of  attachment  to  gut,  476. 
slits  or  holes  in,  474,  478. 
structures  between  layers  of,  473. 
Meso-appendix,  480. 

-colon,  transverse,  489. 
Mesogaster,  430,  489. 
Mesometrium,  571. 
Mesonephron,  505. 
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Mesorchium,  404. 
Mesosalpinx,  571,  583. 
Mesovarium,  571,  582. 
Metacarpo-phalangeal  joint  of  thumb,  326. 

dislocation  of,  326. 
Metatarsus,  amputation  of,  698. 

articulations  of,  694. 
Metritis,  577. 
Microtia,  49. 
Mid-axillary  line,  339. 
Middle  cranial  fossa,  66. 

ear — see  Tympanum. 

meningeal  artery,  9,  1 1 ,  29. 
wound  of,  n,  29. 
trephining  for,  29. 
Midgut,  397. 
Mid-Poupart  line,  385. 

-sternal  line,  338. 

-tarsal  joint,  693. 

amputation  through,  698. 
Miliary  aneurysms  of  Charcot,  35. 
Milk  ducts,  256. 

leg,  377. 

Miner's  elbow,  285. 

Mitral  orifice  of  heart,  topography  of,  369. 
Moll,  glands  of,  106. 
Monorchism,  422. 
Monro,  foramen  of,  27. 
Montgomery's  glands,  257. 
Morbus  coxse,  622. 

abscess  following,  624. 

apparent  shortening  in,  624. 

pseudo-dislocation  in,  624. 

real  shortening  in,  624. 

referred  pains  in,  623. 

stages  of,  623. 

varying  attitude  of  lower  limb  in,  623. 
Morgagni,  columns  of,  524. 

hydatid  of,  423,  587. 
Motor  areas  of  brain  cortex,  37,  39. 
Mouth,  158. 

breathing,  180. 

floor  of,  162. 

suppuration  in,  168. 

vestibule  of,  158. 
Movable  kidney,  390,  504. 
Mucocele,  114. 
Mucous  polypus  of  nose,  151. 
Mule's  operation,  131. 
Mullerian  ducts,  538. 
Musculo-spiral  nerve,  329. 

branches  and  distribution,  329. 

injuries  of,  276,  331. 

paralysis  of,  332. 

Musculus  orbitalis  of  Muller,  115. 
Mydriasis,  121. 
Mylo-hyoid  muscle,  192. 
Myomata  of  uterus,  578. 
Myxcedema,  210. 


NARES,  anterior,  141,  145. 
posterior,  180. 

plugging  of,  1 80. 
Nasal  bones,  fractures  of,  144. 
duct,  112,  146. 
injury  of,  113. 
passing  probe  along,  114. 


Nasal  duct,  stricture  of,  113. 
fossa,  144. 

blood-vessels  of,  147. 

floor  of.  145. 

inner  wall  or  septum  of,  145. 

instrumentation  of,  149. 

lymphatics  of,  148. 

methods  of  examination  of,  148. 

mucous  membrane  of,  147. 

nerves  of,  148. 

obstruction  of,  150. 

olfactory  portion  of,  147. 

outer  wall  of,  145. 

polypi  of,  151. 

respiratory  portion  of,  147. 

roof  of,  145. 

spheno-ethmoidal  recess  of,  146,  157 

septum  of,  145,  151. 
deviation  of,  151. 
injuries  of,  144. 
Nasion,  i,  n,  141. 
Naso-facial  angle,  141. 
-jugal  fold,  141. 
-labial  furrow,  70. 
-pharyngeal  catarrh,  60. 

fibroma,  182. 
-pharynx,  177. 

access  to,  149. 
Nates,  fold  of,  589. 

obliteration  of,  592. 
Navel,  starting  of,  400. 
Nebula  of  the  cornea,  127. 
Neck,  184. 

abscesses  in,  83,  181,  182. 
anterior  region  of,  186. 
congenital  cysts  of,  232. 

defects  of,  231. 

sinuses  of,  232. 
cystic  hygroma  of,  233. 
dermoid  cysts  of,  232. 
development  of,  231. 
dissection  of  carotid  region  of,  216. 

root  of,  223. 

engorgement  of  veins  of,  364. 
external  configuration  of,  184. 
fasciae  of,  190. 
fistulse  of,  232. 
hydrocele  of,  233. 
lateral  region  of,  1 88. 
lymphatic  glands  of,   175,   193,  201,  205, 

214,  227. 

middle  line  of,  1 86,  196. 
mobility  of  superficial  tissues  of,  193. 
posterior  triangle  of,  188,  226. 
regions  of,  186. 
relations  of  lung  in,  229,  338, 

pleura  in,  228. 
skin  of,  189. 

submaxillary  region  of,  192: 
suicidal  wounds  of,  197. 
supernumerary  ribs  in,  228,  346. 
topography   and   superficial  anatomy   of, 

184. 

white  line  of,  199. 
wounds  of,  197. 
Nelaton's  line,  591. 
Nephrectomy,  395,  507. 

abdominal  or  transperitoneal,  508.  509. 
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Nephrectomy,  extracapsular,  508. 

lumbar  or  retroperitoneal,  508. 

subcapsular,  508. 
Nephritis,  pyelo-,  507. 
Nephro-lithotomy,  510. 
Nephropexy,  510. 
Nephrorrhaphy,  510. 
Nephrotomy,  510 
Neural  or  medullary  groove,  396. 
Neuralgia,  trigeminal,  6,  76,  89,  101,  102. 
Neurenteric  canal,  538. 
Nipples,  256. 

developmental  irregularities,  256,  262. 

supernumerary,  262. 
Nose,  141. 

accessory  sinuses  of,  152. 

blood-vessels  of,  143. 

congestion  of  mucous  membrane  of,  1 50. 

deflection  of  septum  of,  151. 

external  configuration  of,  141. 

foetal  type  of,  141. 

framework  of,  142. 

lymphatics  of  mucous  membrane  of,  148. 

malignant  tumours  of,  151. 

necrosis  of  bones  of,  152. 

nerves  of,  148. 

skin  of,  142. 

subcutaneous  tissue  of,  143. 

vestibule  of,  145. 
Notochord,  395. 
Nuck,  canal  of,  410,  588. 
hernia  into,  410. 
hydrocele  of,  588. 
Nuhn,  glands  of,  l6l. 
Nutrient  arteries  of  bone,  277. 

OBLIQUE  inguinal  hernia,  409. 
muscles  of  abdomen,  386. 

eyeball,  117,  120. 

Obliterated  hypogastric  artery,  518. 
Obturator  artery,  relationship  to  femoral  ring, 

608. 

abnormal,  609. 
canal,  612. 
dislocation  of  hip,  627. 

mode  of  reduction  of,  627. 
fascia,  556. 
fossa,  516,  619. 
hernia,  612. 

contents  of  sac  of,  613. 
diagnostic  signs  of,  613. 
herniotomy  for,  613. 
strangulation  of,  613. 
membrane,  612. 
nerve,  612. 

geniculate  branch  of,  612. 
Occipital  protuberance,  external,  I,  n. 
Occipito-frontalis  muscle,  6. 
Ocular  fascia,  117. 
movements,  118. 
muscles,  117. 
action  of,  119. 
paralysis  of,  121. 
tenotomy  of,  120. 
Ocular  region,  103. 
Oculo-motor  nerve,  120. 
paralysis  of,  121. 
-zygomatic  furrow,  72. 


Odontomes,  94. 

(Edema  of  eyelids,  108,  in,  123. 
glottis,  205. 
scrotum,  418. 
CEsophageal  pouch,  378. 
CEsophagismus,  377. 
CEsophagostomy,  213. 
CEsophagotomy,  213. 
Oesophagus,  212,  377. 

cancer  of,  213,  378,  441. 
cervical  segment  of,  212. 
foreign  bodies  in,  212,  378. 
passage  of  bougie  along,  378. 
pressure  upon,  from  without,  378. 
retrograde  dilatation  of,  445. 
strictures  of,  378,  436. 
thoracic  segment  of,  377. 
mode  of  access  to,  379. 
Olecranon,  bursa  over,  285. 
fossa,  286. 
process,  284. 

fracture  of,  292. 
Olfactory  cleft,  147. 

nerve,  148. 

Omega  loop  of  colon,  496. 
Omental  cord,  493. 
Omentum,  gastro-splenic,  433. 
great  or  gastro-colic,  489. 
adhesions  of,  493. 
division  of,  in  gastrectomy,  442. 
hernia  of,  493. 
lesser  or  gastro-hepatic,  434. 
Ophthalmia,  chronic  granular,  1 1 1. 
purulent,  in. 
sympathetic,  130. 
Ophthalmic  vein,  75,  123. 
Ophthalmoscopy,  135. 
Optic  disc,  135. 

nerve,  subarachnoid  sheath  of,  137. 
neuritis,  136. 
papilla,  135. 
vesicle,  primary,  132. 

secondary,  133. 

Ora  serrata  of  retina,  128,  135. 
Orbicularis  oris,  73- 
palpebrarum,  105. 
paralysis  of,  108. 
Orbiculus  ciliaris,  128. 
Orbit,  bony  rim  of,  115. 
injuries  of,  115. 
penetrating  wounds  of,  1 16. 
pulsating  tumours  of,  123. 
roof  of,  114. 
walls  of,  114,  115. 
fractures  of,  115. 
Orbital  abscess,  124. 
cavity,  114. 

contents  of,  116. 
pulsating  tumours  of,  123. 
fascia,  117,  118,  120. 
muscles,  117,  119. 
nerves,  120. 
region,  penetrating  wounds  in,  104. 

inflammatory  swelling  in,  1 14. 
tumours,  116. 

Orbito-temporal  angle,  2,  40. 
Orchitis,  420. 

varieties  of,  420. 
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Organ  of  Giraldes,  423. 

Rosenmiiller,  587. 
Os  calcis,  excision  of,  697. 
fractures  of,  699. 

incisivum,  171. 

trigonum  tarsi,  684. 
Oscheocele,  411. 
Ossicles,  auditory,  58. 

in  middle-ear  disease,  62. 
Ostia  of  accessory  sinuses  of  nose,  147. 
Othsematomata,  50. 
Otitis,  externa,  53. 

media,  60. 

sclerosing,  59. 
Ova,  development  of,  584. 
Ovarian  cysts,  584. 

torsion  of  pedicle  of,  585. 
Ovarian  fossa,  516,  582,  584. 
Ovary,  582. 

blood-vessels  of,  582. 

bursa  of,  571. 

dermoid  cysts  of,  585. 

descent  of,  410. 

deviations  from  normal  position  of,  583. 

enlargement  of,  584. 

follicles  of,  584. 

ligament  of,  582. 

lymphatics  of,  582. 

means  of  support  of,  584. 

mesovarium  of,  582. 

nerves  of,  582. 

palpation  of,  583. 

prolapse  of,  584. 

proliferating  adeno-cystoma  of,  585. 

relation  of  Fallopian  tube  to,  582. 

solid  tumours  of,  585. 

stricture  of,  584. 

suspensory  ligament  of,  570,  571,  582,  584. 

teratomata  of,  585. 

tumours  of,  584. 
Ozaena,  148. 

PACCHIONIAN  bodies,  n,  25. 
Pachydermatocele  of  scalp,  5. 
Pachymeningitis,  61. 

hsemorrhagica,  30. 
Pacinian  corpuscles,  310. 
Painful  fissure  of  anus,  530. 
Palate,  168. 

aponeurosis  of,  170. 

arches  of,  169. 

blood-vessels  of,  170. 

congenital  defects  of,  172. 

development  of,  171. 

effects  of  post-nasal  adenoids  on,  169. 

hard,  169. 

coverings  of,  1 70. 

lymphatics  of,  171. 

mucous  membrane  of,  1 70. 

muscles  of,  170. 

nerves  of,  170. 

resection  of,  149. 

soft,  170. 
Palm,  abscesses  in,  317. 

central  compartment  of,  312. 

dangerous  area  of,  310. 

directions  for  incisions  in,  318. 

dissection  of,  307. 


Palm,  furrows  in,  308. 

haemorrhage  from,  319. 

skin  of,  310. 

subcutaneous  tissue  of,  311. 

surface-markings  of,  309. 

synovial  sheaths  of  tendons  in,  313. 
Palmar  arches,  310. 

contrasted,  315. 

fascia,  312. 

Dupuytren's  contraction  of,  316. 
Palmaris  longus  tendon,  308. 
Palpebral  ligaments,  106. 
Palpebro-malar  furrow,  172. 
Pampiniform  plexus,  423. 
Pancreas,  463. 

accessory  duct  of,  465. 

carcinoma  of,  466. 

cysts  of,  466. 

functions  of,  465. 

in  situ,  464. 

lesser,  463. 

main  duct  of,  465. 

modes  of  access  to,  465. 

operative  surgery  of,  466. 

peritoneal  relations  of,  465. 

subdivisions  of,  463. 

tuber  omentale  of.  465. 
Pancreatic  diabetes,  465. 
Pancreatitis,  466. 

suppuration  following,  467. 

surgical  treatment  of,  467. 
Pannus,  129. 
Panophthalmitis,  in. 
Papilla  of  duodenumr456. 
Papillae  of  tongue,  160. 
Paradidymis,  424. 
Paraduodenal  fossa,  468,  471. 

hernia  into,  471. 
Paracentesis  of  pericardium,  372. 

pleural  cavity,  349,  357. 

tympanum,  59. 
Parallel  fissure,  44. 
Parametritis,  498,  577. 

extraperitoneal  abscess  following,  389. 
Parametrium,  571,  572. 
Paraphimosis,  564. 
Pararectal  fossae,  516,  520,  572. 
Parasacral  incision,  535. 
Parasternal  line,  338. 
Paraumbilical  veins,  385,  388. 
Paravesical  fossa,  515,  572. 
Parietal  eminence,  11,41. 

fissure,  1 6. 

foramen,  II. 

and  visceral   anastomoses   in    abdominal 

wall,  392. 

Parieto-mastoid  line,  43. 
Paronychia,  317. 
Paroophoron,  587. 
Parotid  abscess,  82. 

capsule,  82. 

duct,  81. 

superficial  guide  to,  79. 
to  pass  probe  along,  83. 
wound  of,  82. 

gland,  8 1. 

removal  of,  84. 
structures  traversing,  8l. 
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Parotid  lymphatic  glands,  3. 

recess,  81. 

region,  79. 

penetrating  wounds  in,  82. 
salivary  fistulae  in,  82. 

tumours,  83. 
Parotiditis,  82. 
Parovarian  tumours,  587. 
Parovarium,  587. 
Parrot's  nodes,  22. 
Pars  ciliaris  retinae,  128,  135. 

iridica  retinae,  129,  135. 
Partial  enterocele,  608. 
Patella,  650. 

depressions  at  sides  of,  641. 

dislocations  of,  663. 

floating,  654. 

fractures  of,  66 1. 

restoration  of  function  after,  663. 

ossification  of,  650. 

retinacula  of,  651. 

surface  anatomy  of,  641. 
Patellar  ligaments,  lateral,  651. 
Patello-femoral  joint,  649,  654. 

movements  at,  654. 
Pectineo-femoral  ligament,  620. 
Pectineus  muscle,  606,  611. 
fascia  covering,  606. 
Pelvi-femoral  region,  589. 
Pelvi-rectal  space,  inferior,  527. 

superior,  527. 
abscess  in,  528. 
access  to,  528. 
Pelvic  bones,  567. 

cavity,  shape  and  extent  of,  512. 

cellular  tissue,  513. 

cellulitis,  577. 

colon,  489. 

diaphragm,  542,  555. 

structures  traversing,  555. 

fascia,  512. 

rectal  layer  of,  523. 
recto- vesical  layer  of,  520. 

fossae,  peritoneal,  515. 

peritoneum,  516. 

peritonitis,  577,  585. 

splanchnics  of  Gaskell,  533,  544. 

viscera,  general  arrangement  of,  513. 

in  female,  569. 
Pelvis,  512. 

dissections  of,  519,  521,  570,  574. 

fractures  of,  567. 

peritoneal  districts  of,  514. 

subdivisions  of,  512. 

subperitoneal  compartments  of,  513. 

viscera  proper  of,  513. 
Penile  urethra,  561. 
Penis,  560. 

body  of,  556,  560. 

congenital  defects  of,  564. 

development  of,  565. 

dorsal  vessels  of,  557,  561. 

root  of,  556,  560. 

section  through,  424. 

suspensory  apparatus  of,  560. 
Perforating  arteries,  615. 

ulcer  of  stomach,  438. 
Pericardium,  371. 


Pericardium,  distension  of,  371. 

effusions  into,  371. 

paracentesis  of,  372. 

perforation  of,  by  gastric  ulcer,  439. 

recesses  of,  371. 

relation  to  chest  wall  in  disease,  372. 

relations  of  pleura  to,  354. 

surgery  of,  373. 
Pericardotomy,  373. 
Pericranium,  7. 
Perimetritis,  577. 
Perineal  abscess,  563. 

body,  523, 574- 

fistula,  563. 

folds,  538. 

ligament,  transverse,  557. 

lithotomy,  558. 

septum,  565. 

Perinephric  abscess,  390,  498,  507. 
Perinephritis,  508. 
Perineum,  555. 

central  point  of,  556. 

fasciae  of,  556. 

laceration  of,  577. 

rectal  triangle  of,  556. 

urogenital  triangle  of,  556. 
Periosteal  flaps  in  surgery,  278. 

paronychia,  317. 

resection  of  bones,  278. 
Periosteum,  functions  of,  278. 
Peripatellar  depressions,  641. 
Periproctitis,  527. 
Peritoneal  bands,  pathological,  474. 

cavity,  perforation  of  stomach  into,  439. 
Peritoneum,  427. 

development  of,  431. 

duodenal  fossae  of,  468,  469. 

folds    of  —  see    Mesentery,    Mesocolon, 
Omentum. 

inguinal  fossae  of,  407,  408. 

intersigmoid  fossa  of,  490. 

lesser  sac  of,  489. 
vestibule  of,  431. 

omenta  of,  433,  434,  489. 

paraduodenal  fossa  of,  468,  471. 

pararectal  fossa  of,  516,  520. 

paravesical  fossa  of,  $1$,  540. 

processus  vaginalis  of,  405,  410. 

recto-vesical  pouch  of,  516,  520,  541. 
Peritonitis,  bands  formed  as  result  of,  474. 

deformans,  479. 

perforative,  439. 
Peritrochanteritis,  598. 
Perityphlitis,  483. 
Peri-urethral  abscess,  563. 
Peroneal  artery,  670,  673,  683. 

nerve,  645. 

ridge,  664. 

sulci,  664. 

Peronei  muscles,  669,  682. 
Pes  cavus,  joi. 
Petit's  triangle,  384. 

abscess  pointing  in,  499,  507. 
Petro-squamous  suture,  55,  61. 
Peyer's  patches,  477. 

pathological  processes  in,  477. 
Pharyngitis,  180. 
Pharyngotomy,  182. 
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Pharynx,  177. 

abscesses  in  connection  with,  181. 

buccal,  177. 

constrictors  of,  179. 

development  of,  231. 

digital  examination  of,  180. 

inflammation  of,  180. 

laryngeal,  178. 

lateral  recesses  of,  177. 

modes  of  examination  of,  179. 

nasal  subdivision  of,  177. 

new  growths  in,  182. 

relations  of,  179. 

sinus  pyriformis  of,  179. 

structure  of,  177. 

supratonsillar  fossa  of,  175. 
Philtrum,  70. 
Phimosis,  564. 
Phlebotomy,  283,  285. 
Phlegmasia  alba  dolens,  577. 
Photophobia,  108,  126. 
Phrenic  nerve,  223,  226,  230,  376. 
Phrenico-colic  ligament,  460,  488. 
Phthisis  bulbi,  122,  130. 
Pia  mater,  26. 

choroid  plexuses  of,  26. 
Pigeon  breast,  340. 
Pineal  gland,  tumour  of,  121. 
Pinna,  47. 

blood-vessels  of,  48. 

development  of,  47. 

injuries  of,  50. 

irregularities    in    shape    and     congenital 
defects  of,  49. 

lymphatics  of,  49. 

nerves  of,  48. 
Pillars  of  external  abdominal  ring,  406. 

fauces,  170,  178. 

Pirogoffs  amputation  (foot),  689. 
Pit  of  stomach,  382. 
Plantar  ligaments,  694. 
Pleura,  351. 

adhesions  between  opposing  surfaces  of, 

354- 

danger  of  wounding  in  nephrectomy,  354. 
effects  of  inflammation  upon,  356. 
inflammation  of,  354. 
reflexions  of,  352. 
relations  in  root  of  neck,  227,  228,  236, 

33.8. 

relation  to  front  of  chest,  352 
lateral  aspect  of  chest,  353. 
pericardium,  352,  371. 
twelfth  rib,  354. 
surgery  of,  357. 

variability  in  reflexions  of,  353. 
wounds  of,  355. 
Pleural  cavities,  351. 

effusions  into,  356. 
paracentesis  of,  357. 
pressure  conditions  within,  354. 
sinuses,  351. 
Pleurisy,  varieties,  356. 
Pleuro-pulmonic  regions  of  thorax,  351. 
Plexus  guise,  377. 
Plica  interureterica,  543. 

salpingo-pharyngea,  177. 
semilunaris,  1 10. 


Plica  transversa  vesicse,  413,  516,  541. 

ureterica  of  bladder,  343. 

vascularis  of  testis,  404. 
Pneumonectomy,  362. 
Pneumopericarditis,  439. 
Pneumothorax,  345,  355. 
Pneumotomy,  362. 
Point,  asteric,  43. 

preauricular,  40. 

Rolandic,  lower,  41. 
upper,  41. 

Sylvian,  40,  43. 
Polycoria,  134. 
Polypi,  nasal,  151,  155. 
Polymazia,  262. 
Polythelia,  262. 
Popliteal  abscess,  648. 

aneurysm,  647. 

conditions  resembling,  670. 

artery,  645. 

embolism  of,  670. 

in  extension  and  flexion  of  knee,  646. 

ligature  of,  646. 

lymphatic  glands,  643. 

nerves,  644. 

space,  643. 

bursse  and  bursal  cysts  in,  646,  647. 
contents  of,  643. 

subdivisions  and  boundaries  of,  643. 
Portal  and  systemic  venous  systems,  artificial 
communications,  388,  454. 

normal  connecting  channels,  454,  529. 
Portal  area,  453. 

canals,  447. 

circulation,  453. 
obstruction  of,  454. 

vein,  447. 

pressure  of  tumours  upon,  454. 
thrombo-phlebitis  of,  455. 
Post-anal  gut,  538. 
Posterior  chamber  of  eyeball,  128, 
Posterior  tibial  artery,  669. 

ligature  of,  671. 

triangle  of  neck,  226. 

cystic  tumours  in,  229. 
Post-nasal  adenoids,  60,  180. 
Pot  belly,  400. 
Pott's  caries,  498. 

fracture  at  ankle,  687. 
Pouch,  duodenal,  471. 

of  Douglas,  570. 

of  Prussak,  58. 

recto-genital,  $16,  57°- 

recto-vesical,  516,  520,  541. 
Poupart  line,  385. 
Poupart's  ligament,  384,  386. 

structures  lying  beneath,  603. 
Preauricular  point,  40. 
Premaxilla,  171. 
Prepatellar  bursa,  644. 
Prepubic  curve  of  urethra,  561. 
Prepuce,  561. 
Presbyopia,  138. 
Pretibial  bursa,  644. 
Pretracheal  fascia,  191. 
Prevertebral  fascia,  191. 
Primitive  groove,  396. 

streak,  396. 
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Processes,  globular,  171. 
Processus  cochleariformis,  57. 

vaginalis  of  peritoneum,  405,  410. 
Procidentia  uteri,  376. 
Proctectomy,  532. 
Proctodseum,  538. 

Profunda  artery,  inferior  of  brachial,  279,  280. 
superior  of  brachial,  279,  280. 

femoris  artery,  614. 
Prolabiutn,  70. 

Promontory  of  cochlea,  57,  59,  60. 
Pronation,  movement  of,  300,  303. 
Pronator  radii  teres,  303. 
Proper itoneal  hernia,  410. 
Prostate,  548. 

abscess  of,  550. 

capsule  of,  549. 

dissection  of,  548. 

division  of,  in  lithotomy,  560. 

examination  of,  per  rectum,  526. 

horizontal  section  of,  549. 

inflammation  of,  550. 

macroscopical  appearances  of,  549. 

middle  lobe  of,  521,  549,  550. 

senile  enlargement  of,  551. 
effects  upon  bladder  floor,  552. 
micturition,  552. 
urethra,  551. 

sheath  of,  549. 

structure  of,  550. 

veins  of,  548. 
Prostatectomy,  aims  of,  etc.,  552. 

perineal,  553. 

suprapubic,  553. 
Prostatic  adenomata,  enucleation  of,  553. 

capsule,  wound  of,  in  lithotomy,  560. 

catheter,  552. 

fissure,  548,  560. 

plexus  of  veins,  548,  550,  553. 

sinus,  561. 

urethra,  551,  561. 

utricle,  561. 
Prostatitis,  550. 
Prussak,  pouch  of,  58. 
Pseudarthrosis,  276,  634. 
Pseudo-ptosis,  in. 
Psoas  abscess,  498,  618. 
Pterion,  n. 
Ptosis  of  upper  eyelid,  121. 

abdominal  viscera,  462. 
Pterygo-maxillary  space,  96. 

communications  of,  97. 

malignant  tumours  in,  98. 

penetrating  wounds  of,  100. 

suppuration  in,  97. 
Pterygoid  muscles,  92,  97,  98. 

venous  plexus,  100. 
Pubic  arch,  556. 

dislocation  at  hip-joint,  628. 

ligament  of  Sir  A.  Cooper,  603. 

spine,  386,  402,  608,  610. 
Pubo-rectales  muscles,  520. 
Pulmonary  abscesses  (metastatic),  361. 

apoplexy,  345. 

artery,  367. 

blood-vessels,  361. 

circulation,  obstruction  of,  362. 

embolism,  361. 


Pulmonary  orifice    of   heart,    topography   of, 

369- 

Puncta  lachrymalia,  112. 
Puncture  of  bladder,  546,  547. 
Pupil,  contracted  condition  of,  129. 

dilating  mechanism  of,  129. 

displacement  of,  134. 

sphincter  of,  129. 
Pupillary  membrane,  134. 
Pus  tube,  585. 
Pyelotomy,  510. 
Pylorectomy,  442. 
Pyloric  antrum,  434,  437. 

canal,  434,  437 

sphincter,  440. 

valve,  433. 
Pylorodiosis,  444. 
Pyloroplasty,  444. 
Pylorus,  433. 

altered  position  in  disease,  440. 

chronic  obstruction  of,  437. 

dilatation  of,  444. 

normal  position  of,  433. 

resection  of,  442. 

stenosis  of,  440. 

surface  anatomy  of,  433. 

tumour  of,  440. 
Pyonephrosis,  5°7- 
Pyopericardium,  373. 
Pyramidal  tracts,  39. 
Pyramidalis  muscle,  386. 
Pyriform  aperture  of  nasal  fossa,  149. 

fossa,  179,  231. 

QUADRICEPS  extensor,  605,  639. 

RADIAL  artery,  298. 

branches  in  forearm,  298. 

at  wrist  and  in  palm,  314. 
carpal  and  palmar  stages,  314. 
ligature  of,  299. 
fossa,  287. 
pulse;  299. 

Radio-carpal  joint,  320. 
Radio-ulnar  joint,  inferior,  301. 

superior,  300. 

Radius,  Colics'  fracture  of,  324. 
epiphyses  of,  301. 
fractures  of  shaft  of,  303. 
head  of,  284,  287. 

dislocation  of,  291. 
ligamentous  connections  of,  300. 
lower'extremity  of,  324. 
resection  of,  305. 

separation  of  lower  epiphysis  of,  326. 
styloid  process  of,  308. 
Ranine  artery,  195. 
Ranula,  168,  195. 
Receptaculum  chyli,  473. 
Recess,  parotid,  81. 
Recesses,  internal  cleft — branchial,  231. 

lateral  of  pharynx,  177. 
Rectal  ampulla,  520. 

distension  of,  by  rubber  bag,  547. 
view  of,  57°- 
cystocele,  546. 
epithelioma,  531. 
excision,  532. 
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Rectal  excision,  sphincteric  control  after,  536. 

fascia,  520. 

fistulse,  528. 

prolapse,  530. 

associated  with  intussusception,  531. 

sinuses,  524. 

triangle,  boundaries  and  contents,  555. 
Recti  muscles  of  eyeball,  117,  119. 
Recto-genital  depression,  516. 

pouch,  520,  570. 
Recto-vaginal  fistula,  546,  578. 
pouch,  520. 
septum,  520. 
Recto-vesical  fascia,  520. 

pouch,  520. 
Rectum  (and  anal  canal),  519. 

abscesses  and  fistulse  of,  527. 

accessibility  of  bladder  from,  547. 

ampulla  of,  520. 

ballooned,  520. 

blood-vessels  of,  525. 

circular  suturing  of,  536. 

congenital  stricture  of,  538. 

development  of,  538. 

developmental  defects  of,  538. 

digital  examination  of,  526. 

dissection  of,  from  behind,  522. 

epithelioma  of,  531. 

excision  of,  532. 

fascial  relationships  of,  520. 
sheath  of,  521,  549. 
contents  of,  521. 

infoldings  of,  520. 

intermural  abscess  of,  527. 

Kraske's  sacral  resection  of,  534- 

lateral  ligaments  of,  535. 

lymphatics  of,  525. 

malignant  adenoma  of,  531. 

marginal  abscess  of,  527. 

means  of  fixity  of,  532. 

modes  of  approach  to,  532. 

mucous  membrane  of,  524. 

nerves  of,  526. 

operative  surgery  of,  532. 

partial  or  complete  absence  of,  539- 

perineal  excision  of,  532. 

perineo-abdominal  excision  of,  536. 

peritoneal  relations  of,  520. 

polypus  of,  526. 

prolapse  of,  530. 

proper,  520. 

relations  of,  523. 

sacral  excision  of,  533. 

sphincteric  cancer  of,  535. 
segment  of,  520. 

strictures  of,  531. 

structure  of,  523,  531. 

suprasphincteric  cancer  of,  536. 

valves  of,  520. 

wound  of,  in  lithotomy,  559. 
Rectus  abdominis  muscle,  384. 
incision  through,  394. 
sheath  of,  386. 

femoris  muscle,  638,  641. 
Recurrent  laryngeal  nerve,  211,  213,  376. 
Renal  abscess,  506. 

artery,  506. 

accessory,  506,  5°9- 


Renal  artery,  irregularities  in  distribution  of, 

509- 

calculus,  510. 

circulation,  506. 

decapsulation,  510. 

haemorrhage,  510. 
Retained  testis,  421. 
Rete  testis,  418. 
Retention  of  urine,  546,  552- 
Retina,  134. 

blood-vessels  of,  135. 

detachment  of,  137. 

development  of,  133. 

fovea  centralis  of,  1 36. 

functions  of,  1 35. 

glioma  of,  137. 

optic  disc  of,  135. 

ora  serrata  of,  135. 

pars  ciliaris  of,  135. 
iridica  of,  135. 

structure  of,  1 34. 
Retinacula  or  cervical  ligaments  of  femur,  619. 

of  ileo-csecal  valve,  479. 
Retrocaecal  fold,  481. 

fossa,  481,  484. 
Retroflexion  of  uterus,  576. 
Retroglandular  sulcus  of  penis,  561. 
Retromeatal  triangle,  63. 
Retroperitoneal  abscess,  498. 

anastomoses,  392. 

hernia;,  471. 

region,  497. 

tissue,  structures  traversing,  497. 
Retropharyngeal  abscess,  83,  181. 
Retroversion  of  uterus,  576. 
Rhinitis,  60. 

atrophic,  148. 

hypertrophic,  131. 
Rhinoplasty,  6,  143. 
Rhinoscopy,  179. 
Rhomboid  ligament,  239. 
Ribs,  344. 

cervical,  228,  345. 

fractures  of,  344; 

complications  of,  345. 

lumbar,  345. 

method  of  counting,  337. 

periosteum  of,  347. 

resection  of,  334,  349,  357,  451. 

variations  from  normal  number  of,  345. 
Richter's  hernia,  608. 
Riedel's  lobe  of  liver,  452. 
Rima  glottidis,  200. 

oris,  158. 

Ring,  abdominal,  external,  406. 
internal,  406,  407. 

crural,  607. 
Risus  sardonicus,  74. 
Rodent  ulcer,  107. 
Rolandic  area,  37. 

line,  41. 

points,  41. 

Rolando,  fissure  of,  40. 
Root  of  lung,  358. 

penis,  556,  560. 

Rosenmiiller,  fossa  of,  I77>  231. 
Round  ligament  of  uterus,  583. 

shortening  of,  587. 
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SAC,  lachrymal,  85,  112. 
Sacral  arteries,  518. 

canal,  contents  of,  533. 

plexus,  533. 

Sacro-coccygeal  joint,  533. 
nerves,  533. 

-genital  folds,  514,  571. 

-iliac  articulation,  589. 

-sciatic  foramen,  great,  594. 

lesser,  594. 
Sacrum,  Bardenheuer's  section  of,  534. 

Kraske's  section  of,  533. 

osteoplastic  resection  of,  534. 
Sagittal  fontanelle,  16. 
Salivary  fistula,  82. 
Salpingitis,  585. 

symptoms  of,  resembling  appendicitis,  586. 
Santorini,  fissures  of,  51,  53. 
Saphenous  opening,  602,  606. 

vein,  accessory,  602. 
external,  68 1. 
internal,  602,  665,  668. 
Sartorius  muscle,  600,  617,  639. 
Satellite  vein  (of  hypoglossal  nerve),  195. 
Scalene  tubercle,  227. 
Scalenus  anticus  muscle,  223. 
Scalp,  I. 

abscesses  of,  7. 

atheromatous  cysts  of,  3. 

blood-vessels  of,  4. 

cellulitis  of,  8. 

cephalhaamatomata  of,  7,  8. 

cirsoid  aneurysm  of,  5. 

dangerous  area  of,  8. 

dermoid  tumours  of,  23. 

erysipelas  of,  3. 

glands  of,  3. 

haemorrhage  from,  4. 

layers  of,  2. 

lymphatics  of,  3. 

nsevoid  tumours  of,  31. 

nerves  of,  6. 

pacchydermatocele  of,  5. 

proper,  2. 

sebaceous  cysts  of,  3. 

septic  infection  extending  from,  7. 

skin  of,  2. 

subcutaneous  tissue  of,  4. 

sutures  in  wounds  of,  7. 

temporal  region  of,  8. 

topography  of,  I. 

tumours  of,  7,  23. 

wounds  of,  6. 

Scaphoid  or  navicular  bone  of  foot,  691. 
Scapula,  244. 

acromion  process  of,  245. 

attitude    following    paralysis    of  serratus 
magnus,  246. 

fractures  of  body  of,  245. 

line  of,  339. 

movements  of,  244. 

palpation  of,  237,  245. 

relation  to  chest  wall,  245. 

surgical  neck  of,  246. 

fracture  of,  246. 
Scapular  region,  237. 
Scarpa's  fascia,  389,  556. 

triangle,  boundaries  and  contents,  606. 


Scarpa's  triangle,  dissection  of,  605. 

superficial  anatomy  of,  600. 
Schlemm,  canal  of,  124,  126,  128,  131,  140. 
Sciatic  artery,  594,  598. 

dislocation  of  hip,  627. 

herniae,  597. 
contents  of,  597. 
herniotomy  for,  597. 

nerve,  great,  594. 
Sclerotic  coat  of  eyeball,  124. 

wounds  of,  125. 
Scoliosis,  339. 
Scrobiculus  cordis,  382. 
Scrotal  hernia,  411. 

ligament,  416. 
Scrotum,  416. 

development  of,  404. 

elephantiasis  of,  419. 

ligament  of,  405. 

swollen  conditions  of,  418. 

varying  appearances  presented  by,  418. 
Secondary  membrane  of  tympanum,  57. 
Sella  turcica,  19,  157. 
Semilunar  fibre-cartilages  of  knee,  652. 
dislocation  of,  660. 

fold  of  Douglas,  387. 

line,  384. 

Semicircular  canals,  65,  67,  68. 
Semimembranosus  tendon,  643,  646,  648. 
Seminal  vesicles,  554. 

evacuation  of  abscesses  of,  554- 
examination  of,  per  rectum,  526. 
excision  of,  554- 
inflammation  of,  554. 
Semitendinosus  tendon,  643,  648. 
Septum  crurale,  607. 

of  nose,  151. 

orbitale,  106. 

pectin  iforme  of  penis,  561. 

ventriculorum,  368. 
Serratus  magnus,  paralysis  of,  246. 
Seventh  nerve,  paralysis  of,  74. 
Sheath,  carotid,  190,  216. 

femoral,  387,  497,  603. 

of  rectus  abdominis,  386. 
Shoulder,  deltoid  region  of,  236,  263. 

excision  of,  269. 

lipomata  of,  235. 

point  of,  237. 

referred  pain  in,  450,  493. 

region,  234. 

sagittal  section  through,  350. 

summit  of,  236. 

surface  anatomy  of,  234. 
Shoulder-girdle,  238. 
Shoulder-joint,  264. 

abscess  within,  251,  268,  269. 

accessory  ligaments  of,  264. 

amputation  through,  269. 

capsular  ligament  of,  264. 

dislocations  at,  266. 

effusions  into,  268. 

incisions  to  reach,  237. 

movements  at,  265. 

stability  of,  265. 

synovial  membrane  of,  264. 
Shrapnell's  membrane,  55. 
Sigmoid  cavity,  greater,  of  ulna,  287. 
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Sigmoid  cavity,  lesser,  of  ulna,  287. 
flexure  of  colon,  496. 
sinus,  31. 

bony  groove  for,  63. 
topography  of,  45. 
Sinistro-cardia,  370. 
Sinus,  cavernous,  32. 

thrombosis  of,  32. 
cervical,  231. 
frontal,  i,  152. 
great,  of  aorta,  375. 
lateral,  31. 

thrombosis  of,  32,  65,  69. 
maxillary,  85. 

of  Morgagni  in  pharynx,  179. 
pocularis,  550,  561. 
pyriform  of  pharynx,  204. 
sigmoid — see  Sigmoid  sinus, 
superior  longitudinal,  31. 

petrosal,  31,  61. 
sphenoidal,  157. 
transverse  of  pericardium,  371. 
Sixth  cranial  nerve,  121. 
paralysis  of,  122. 
Skull,  10. 

base  of,  17. 
brachycephalic,  II. 
congenital  affections  of,  22. 
dolichocephalic,  n. 
emissary  veins  of,  16. 
fcetal,  21. 

fractures  of,  15,  19,  20,  21. 
in  rickets,  22. 
landmarks  of,  u,  40. 
mesaticephalic,  n. 
structure  of,  12. 
sutures  of,  13. 
trephining,  13. 
varying  thickness  of,  13. 
vault  and  base  contrasted,  17. 
venous  tumours  of,  31. 
vitreous  table  of,  12. 
Small    intestine — see  Duodenum  and  Jejuno- 

ileum. 

Soft  palate,  170. 
Soleus  muscle,  666,  669,  672. 
Somsesthetic  area,  39. 
Somatopleure,  396. 
Space  of  Retzius,  389,  547. 
Speech  in  facial  paralysis,  711. 
Spermatic  artery,  423,  426. 
cord,  423. 

examination  of,  425. 
hydrocele  of,  425. 
lipoma  of,  425. 

pathological  conditions  of,  425. 
relation  to  inguinal  hernia,  411. 
sheath  of,  424. 
nerve  plexus,  423. 
veins,  424. 

varicosity  of,  425. 
Spermatocele,  423. 
Spheno-ethmoidal  recess,  146. 
-maxillary  fissure,  115. 

fossa,  97,  98,  182. 
Spbenoidal  fissure,  20,  115. 
sinus,  157. 

mode  of  access  to,  1 58. 


Sphenoidal  sinus,  suppuration  within,  157. 
Sphincter  ani  internus,  524. 

externus,  523,  556. 
pupil  lae,  129,  130. 
pylori,  440. 

Spigelian  lobe  of  liver,  445. 
Spinal  accessory  nerve,  188,  215. 

division  of,  216. 
caries,  391,  498. 
Spine  of  pubes,  386,  402,  608,  610. 

suprameatal,  51. 
Splanchnic  nerves,  391. 
Splanchnopleure,  396. 
Spleen,  459. 

abscess  of,  462. 

blood-vessels  of,  460. 

circulation  in,  462. 

ectopia  of,  461. 

enlargement  of,  461. 

hernia  of,  460. 

infarctions  of,  462. 

injuries  of,  460. 

in  situ,  464. 

notches  in,  461. 

peritoneal  relationships  of,  460. 

supporting  mechanism  of,  461. 

surface  anatomy  of,  460. 

wandering,  461. 

torsion  of  pedicle  of  a,  462. 
Spleens,  accessory,  460. 
Splenectomy,  462,  463. 

access  to  splenic  vessels  in,  463.  466. 
Splenopexy,  462. 
Splenotomy,  462. 
Spongy  portion  of  urethra,  562. 
Stalked  hydatid  of  testis,  423. 
Staphylorrhaphy,  173. 
Stenson's  duct,  72. 

passage  of  probe  along,  159. 
surface  guide  to,  79- 
wound  of,  82. 
Stercoral  ulceration,  48 1. 
Sternal  angle,  337,  341,  343. 

bars,  343. 

Sterno-clavicular  articulation,  239. 
dislocations  at,  240. 
movements  at,  240. 
-mastoid  muscle,  188,  214. 
relations  of,  214. 
tenotomy  of,  216. 
region,  188,  213. 
Sternum,  342. 

acquired  deformities  of,  343. 
congenital  deformities  of,  343. 
development  of,  343. 
diastasis  of,  343. 
fractures  of,  342. 
injuries  of,  342. 
relations  of,  342. 
Stomach,  433. 

arterial  arches  related  to,  434. 
bed  of,  434,  443. 
blood-vessels  of,  434. 
body  of,  434. 
cancer  of,  440. 
cardiac  orifice  of,  433. 

mode  of  access  to,  445. 
contracted  condition  of,  436. 
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Stomach,  contracted,  relations  of,  436. 

curvatures  of,  433. 

deep  ligament  of,  435. 

distended  condition  of,  436,  437,  505. 

•    relations  of,  436. 

effect  of  movable  right  kidney  on,  505. 

effect  of  tight  lacing  on,  453. 

fistula  of,  441. 

fundus  of,  434. 

greater  curvature  of,  433. 
blood-vessels  related  to,  434. 

hour-glass  contraction  of,  440. 

lesser  curvature  of,  434. 

blood-vessels  related  to,  434. 

lymphatics  of,  436. 

nerves  of,  436. 

operations  upon,  441. 

orifices  of,  433. 

pathological  distension  of,  437. 

perforating  ulcer  of,  438. 

ptosis  of,  437,  452. 

pyloric  antrum  of,  434,  437. 
canal  of,  434,  441. 
segment  of,  434,  437. 
sphincter  of,  440. 
valve  of,  433. 

subdivisions  of,  433,  434. 

ulceration  of,  438. 
Strabismus,  121. 

Strangulation  in  femoral  hernia,  416,  610. 
inguinal  hernia,  414,  416. 
obturator  hernia,  613. 

internal,  474. 
Stye,  109. 

Styloid  processes  of  radius  and  ulna,  308. 
Stylo-mastoid  foramen  in  child,  64. 
Subacromial  bursa,  264. 

dislocation  at  shoulder,  268. 
Subaponeurotic  cephalhaematoma,  8. 
Subarachnoid  fluid,  26. 

haemorrhage,  30. 

space,  26. 

extensions  of,  along  cranial  nerves,  27. 
Subclavian  artery,  224. 

ligature  of  first  stage  of,  225. 
second  stage  of,  230. 
third  stage  of,  229,  253. 

right  and  left  arteries  contrasted,  225. 
Subclavicular  dislocation  at  shoulder,  267. 

fossa,  234,  338. 
Subclavius  muscle,  247. 
Subcoracoid  dislocation  at  shoulder,  266. 
Subdeltoid  bursa,  263,  269. 
Subdural  haemorrhage,  30. 

space,  25,  30. 

Subfascial  (iliac)  abscess,  498. 
Subglenoid  dislocation  at  shoulder,  268. 
Subinguinal  region  of  thigh,  600. 
Sublingual  gland,  162. 

region,  162. 
Submaxillary  abscess,  194. 

cellulitis,  168. 

fossa,  187,  192. 

lymphatic  glands,  193. 

region,  187. 

salivary  gland,  194. 

contrasted  with  parotid,  194. 
Submental  triangle,  192. 


Submesocolic  compartment  of  abdomen,  428. 
Subpericranial  cephalhaematoma,  8. 
Subperitoneal  tissue   of  abdomen,    389,    392, 

513. 
Subphrenic  abscess,  334,  440. 

pyopneumothorax,  440. 
Subpubic  curve  of  urethra,  561. 
Subspinous  dislocation  at  shoulder,  268. 
Sucking  pad,  72,  81,  82. 
Sulci  of  brain,  40. 
Sulcus,  alar,  141. 

duodeno-pyloric,  433,  434. 

terminalis,  161. 

tympanicus,  51. 
Superficial  cardiac  area,  368. 

palmar  arch,  314. 
Superior  laryngeal  nerve,  197,  201. 

longitudinal  sinus,  31,  43. 

maxilla,  84. 
excision  of,  87. 
tumours  of,  85. 

maxillary  nerve,  89. 
surgery  of,  89. 
region,  84. 

Supination,  movement  of,  301. 
Supinator  brevis  muscle,  303. 

longus  muscle,  283,  296. 
Supraciliary  ridges,  I,  153. 
Supraclavicular  fossa,  188. 

nerves,  188,  227. 

region,  growths  in,  331. 
Supracondyloid  osteotomy    for  genu   valgum, 

660. 

Supramastoid  crest,  65. 
Suprameatal  spine,  51,  65. 

triangle,  65. 
Supramesocolic  compartment  of  abdomen,  428, 

43.2,  435- 

Supraorbital  foramen,  6. 
nerve,  6. 

neurectomy  of,  6. 

neurotomy  of,  6. 
Suprapubic  cystotomy,  547. 
Suprarenals,  464,  501. 
Suprascleral  space,  118. 
Supratonsillar  fossa,  175,  231. 
Supravesical  fossa,  408. 
Surgical  emphysema,  19,  144,  345. 
kidney,  507. 
neck  of  humerus,  272. 

scapula,  246. 
Suspensory  ligaments  of  Sir   Astley   Cooper, 

257- 

the  breast,  258,  259. 
duodenum,  469. 
ovary,  571. 
Sustentaculum  lienis,  488. 

tali,  679,  700. 
Sutural  membrane,  7. 
Suture,  coronal,  2,  II. 
lambdoid,  2. 
masto-squamous,  64. 
•  petro-squamous,  64. 
Sutures  of  skull,  13. 
Sylvian  line,  40. 

point,  40,  43. 
Sylvius,  fissure  of,  40. 
Syme's  amputation  of  foot,  689. 
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Sympathetic  ophthalmia,  130. 
Synechia,  posterior,  129. 
Synovial  cavities  of  foot,  695. 

wrist  and  hand,  313,  318,  319. 
sheaths  in  the  fingers  and  palm,  313. 

TABATlfeKE  anatomique,  311. 
Tabes  mesenterica,  478. 
Taenia  coli,  479,  491. 
Tagliocotian  operation,  143. 
Talipes,  700. 

calcaneus,  701. 
equinus,  701. 
equino-varus,  702. 
valgus,  701. 
varus,  702. 

Tarsal  cartilages  of  eyelids,  106. 
Tarsal  bones,  movements  between,  697. 

resection  of,  697. 

Tarso-metatarsal  articulations,  694. 
Tarsus,  architecture  of,  695. 

and  metatarsus,  synovial  cavities  of,  695. 
anterior  and  posterior  segments  of,  693. 
articulations  of,  693. 
disease  of,  697. 
Taste  buds,  135. 

nerves  of,  101. 
Taxis,  414. 
Tegmen  antri,  64. 
tympani,  55. 
Temporal  abscess,  9. 
arteries,  9. 

bone,  post-auditory  process  of,  62. 
fascia,  8. 
region,  8. 

fractures  in,  20,  29. 
raising  of  flaps  in,  9. 
skull  in,  9. 
suppuration  in,  9. 
venous  communications  in,  9. 
wounds  in,  9. 
ridge,  2. 

Temporo-maxillary  joint,  90. 
ankylosis  of,  92. 
arthritis  of,  92. 
capsule  of,  91. 
dislocation  of,  91. 
excision  of,  93. 
movements  at,  91. 
vein,  81. 
Tendo  Achillis,  68 1. 

tenotomy  of,  682. 
oculi,  100. 

Tendon  conjoined,  386,  406. 
Teno-synovitis,  296. 
of  wrist,  319. 

Tenon's  capsule,  117,  118,  120. 
Tenotomy  of  hamstrings,  648. 
sterno-mastoid,  216. 
tendo  Achillis,  682. 
tibialis  anticus,  682. 
tibialis  posticus,  682. 
Tensor  fasciae  femoris  muscle,  592- 
Testicular  sensation,  419. 
Testis,  416. 

abnormalities  in  position  of,  421. 
convoluted  tubes  of,  417. 
cross  section  of,  417. 


Testis,  descent  of,  403. 

diagnosis  of  chronic  enlargements  of,  420. 

digital  fossa  of,  416. 

ectopia  of,  422. 

gubernaculum  of,  404. 

hydatids  of,  423. 

inversion  of,  421. 

malignant  disease  of,  420. 

mediastinum  of,  417. 

mesentery  of,  410 

muliebris,  582. 

pathological  conditions  of,  419. 

processus  vaginalis  of,  405,  410. 

retained  or  undescended,  421. 
Tetanus,  73. 
Thecal  abscess,  317. 
Thenar  eminence,  308. 
Thigh,  599. 

abscess  in  region  of,  618. 

amputation  through,  638. 

deep  ulceration  of,  616. 

fasciae  of,  592,  603,  606. 

groups  of  muscles  of,  605. 

lines  of  cleavage  of  skin  of,  602. 

subcutaneous  tissue  of,  602. 

topography  and  superficial    anatomy  of, 

599- 

transverse  section  through,  638. 
Third  cranial  nerve,  120. 

paralysis  of,  121. 
Thomas'  incision  for  removal  of  benign  tumours 

of  breast,  259. 
Thoracic  aorta,  374. 

aneurysms  of,  375,  376. 
stages  of,  374. 

cavity,  351. 

subdivisions  of,  351. 

disease,  abdominal  symptoms  in,  351. 

viscera,    relation   to    anterior    surface    of 

chest,  335. 
Thoracico-abdominal  zone  of  trunk,  334,  426. 

-cervical  zone  of  trunk,  335. 
region,  221. 

-epigastric  vein,  385. 
Thoracoplasty,  357. 
Thoracotomy,  349,  357. 
Thorax,  334. 

anterior  region  of,  336. 

cavity  and  subdivisions  of,  336. 

clavicular  region  of,  338. 

congenital  deformities  of,  343,  398. 

contents  of,  334. 

infrascapular  or  basal  region  of,  339. 

inlet  of,  342. 

interscapular  region  of,  339. 

lateral  region  of,  339. 

mammary  region  of,  338. 

outlet  of,  342. 

paracentesis  of,  357. 

penetrating  wounds  of,  334. 

posterior  region  of,  339. 

prevertebral  region  of,  374. 

scapular  region  of,  339. 

shape  of,  341. 

deviations  from  normal  shape  of,  340. 

subclavicular  region  of,  338. 

topography   and    superficial   anatomy   of, 
336. 
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Throat,  suicidal  wounds  of,  197. 
Thrombosis  of  cavernous  sinus,  32. 
diploic  veins,  7,  13. 
facial  vein,  75. 
internal  jugular  vein,  32. 
lateral  sinus,  32. 
ophthalmic  veins,  123. 
marasmic,  31. 
Thumb,  Hey's  dislocation  of,  326. 

metacarpo-phalangeal  joint  of,  326. 
movements  of,  316. 
Thymus  gland,  208. 
Thyro-glossal  duct,  168,  21 1. 
-hyoid  bursa,  198. 
membrane,  197. 
Thyroid  arteries,  207. 
cartilage,  201. 

fracture  of,  2OI. 
cysts,  211. 
gland,  207. 

blood-vessels  of,  207. 
enlargements  of,  209. 
in  tracheotomy,  207. 
isthmus  of,  207. 
lateral  lobes  of,  207. 
pyramidal  lobe  of,  199,  207. 
structure  of,  207. 
Thyroidea  ima  artery,  206,  209. 
Thyroidectomy,  210. 
Thyroids,  accessory,  21 1. 
Thyrotomy,  201. 
Tibia,  673. 

Brodie's  abscess  of,  674. 
cuneiform  osteotomy  of,  660. 
fractures  of,  674. 
compound,  675. 
displacements  following,  675. 
en-Voi,  676. 

infective  periostitis  of,  673. 
injuries  of,  673. 
method  of  examining,  674. 
nutrient  foramen  of,  673. 
reducing  displacements   in    fractures    of, 

675. 

sarcomata  of,  674. 
shaft  of,  673. 

surface  anatomy  of,  642,  664. 
syphilitic  disease  of,  674. 
torsion  fractures  of,  676. 
tubercle  of,  641,  650,  664. 
tuberosities  of,  642,  650. 
upper  extremity  of,  649. 
Tibial  artery,  anterior,  669. 

ligature  of,  67 1 . 
posterior,  669. 

ligature  of,  671. 
Tibialis  anticus  muscle,  surface   anatomy   of, 

666. 

tenotomy  of,  682. 
posticus  muscle,  669,  68 1,  691,  693. 

tenotomy  of,  682. 
Tic  convulsif,  77. 
Tight  lacing,  injurious  effects  of,  341,  448,  452, 

453- 
Tongue,  160. 

apical  glands  of,  161. 
attachments  of,  164. 
blood-vessels  of,  162. 


Tongue,  buccal  part  of,  160. 

connective  tissue  of,  162,  167. 

cystic  tumours  of,  168. 

development  of,  160. 

division  of  lower  jaw  in  excision  of,  166. 

epithelioma  of,  163. 

excision  of,  164. 

haemorrhage  in,  655. 
parts  divided  in,  165. 

foramen  caecum  of,  160,  211. 

fraenum  of,  161. 

glands  of,  161. 

ichthyosis  of,  163. 

inflammation  of,  163. 

lymphatics  of,  162. 

mucous  membrane  of,  160,  161,  163. 

muscles  of,  161. 

nerves  of,  162. 

papillae  of,  161. 

paralysis  of,  167. 

pharyngeal  part  of,  1 60. 

psoriasis  of,   163. 

septum  of,  1 60. 

ulceration  of,  163. 
Tonsil,  174. 

abscess  of,  176. 

blood-vessels  of,  175. 

chronic  enlargement  of,  175. 

crypts  of,  175. 

haemorrhage  from,  176. 

inspection  of,  175. 

lymphatics  of,  175. 

new  growths  of,  177. 
removal  of,  177. 

pharyngeal,  179,  181. 

relation  of  large  vessels  of  neck  to,  176. 
Tonsillitis,  175. 
Tonsillotomy,  175. 
Tophi  in  ear,  50. 
Torticollis,  215. 
Torus  uterinus,  514,  572. 
Trachea,  205. 
Tracheotomy,  206. 

isthmus  of  thyroid  gland  in,  207. 
Trachoma,  in. 
Tragus,  48. 
Transfusion,  283. 
Transversalis  fascia,  387. 

muscle,  386,  406,  415. 
Transverse  colon — see  Colon,  transverse. 

humeral  ligament,  264. 

ligament  (hip),  621. 
Trapezoid  ligament,  241. 
Traube's  space,  434. 
Trephining,  13. 

for  middle  meningeal  haemorrhage,  29. 
Triangle  carotid,  186. 

digastric,  192. 

of  Petit,  384,  499. 

of  Scarpa,  606. 

rectal,  of  perineum,  555. 

retromeatal,  63. 

subclavian,  227. 

submaxillary,  187,  192. 

suprameatal,  65. 

urogenital,  of  perineum,  555. 
Triangular  fascia  of  Colles,  386. 

nbro-cartilage,  320,  324. 
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Triangular  ligament  of  urethra,  557. 
posterior  layer  of,  557. 
structures  traversing,  557. 
Triangularis  sterni  muscle,  348,  373. 
Tricuspid  valve,  topography  of,  369. 
Trigeminal  nerve — see  divisions  of,  viz. ,  Oph- 
thalmic, Supra-maxillary,  Infra-maxillary. 
Trigone  of  bladder,  543. 

pathological  conditions  affecting,  545- 
Trigonum  femorale,  409,  514,  607. 
Trismus,  92. 
Trochanter,  great,  591,  619. 

muscles  attached  to,  596. 
Trochanteric  angle,  591,  619. 

bursa,  inflammation  of,  598. 

fossa,  591,  619. 
Trophic  nerve  influence,  122. 
Tropical  abscess  of  liver,  450. 
Tubal  abortion,  586. 

pregnancy,  586. 
Tube,  Eustachian,  58,  146. 

Fallopian,  582. 
Tuber  ischii,  555,  591. 
Tubercle  adductor,  642,  649. 

deltoid,  234. 

of  Chassaignac,  217. 
Darwin,  49. 
Lisfranc,  227. 
tibia,  641,  650,  664. 

scalene,  227. 

Tuberculum  impar  of  His,  160. 
Tuberosity  (great)  of  humerus,  237,  264,  269, 

275- 
Tunica  albuginea  testis,  417. 

vaginalis,  416. 
hydrocele  of,  422. 

vasculosa  lentis,  133. 
Turbinated  bones,  146. 

enlargement  of  inferior,  151. 
region  of,  145. 
Tympanic  antrum,  62. 

attic,  55. 

membrane,  55. 

paracentesis  of,  59. 

ossicles,  58,  62. 

plate  of  Symington,  52. 

promontory,  57,  59,  60. 
Tympano-malleolar  folds,  58- 
Tympanum  or  middle  ear,  55. 

abscess  in,  60. 

blood-vessels  of,  57. 

boundary  walls  of,  55- 

dimensions  of,  57. 

direction  in   which   infection  may  travel 
from,  6l. 

drainage  of,  61. 

inflammation  of  lining  membrane  of,  60. 

mucous  membrane  of,  58. 

muscles  of,  58. 

nerves  of,  57. 

ossicles  of,  58,  62. 

paracentesis  of,  59. 

pyramid  of,  56. 

relation  of  external  semicircular  canal  to, 

56. 

facial  nerve  to,  57,  67. 
roof  of,  55- 


ULCER,  duodenal,  469. 
gastric,  438. 
rodent,  107. 
Ulna,  dislocation  of,  291. 

fracture  of  olecranon  process  of,  284. 

shaft  of,  303. 
resection  of,  305. 
styloid  process  of,  308. 
upper  extremity  of,  287. 
Ulnar  artery,  297,  314. 

branches  of,  297. 

ligature  of,  298. 
nerve,  330. 

branches  and  distribution  of,  330. 

injury  of,  331. 

paralysis  of,  332. 
Umbilical  canal,  398. 
cicatrix,  384. 
cord,  397. 

hernia  into,  399. 
fistulse,  401. 

hernia  or  exomphalos,  398. 
loop  of  intestine,  429. 
region,  395. 

ring.  397- 

vesicle,  398. 
Umbilicus,  changes  in,  after  birth,  398. 

cystic  adenomata  at,  401. 

faecal  fistula  at,  400. 
Umbo  of  membrana  tympani,  55. 
Undescended  testis,  410,  421. 
Upper  jaw,  excision  of,  87. 

tumours  of,  85. 
Urachus,  398,  540^ 

congenital  defects  of,  402. 

cysts  of,  402. 
Uranoplasty,  174. 
Ureter,  511,  574. 

abdominal  segment  of,  5 1  lk 

as  a  channel  of  infection  to  kidney,  507. 

calyces  of,  511. 

dissection  of,  464. 

flexura  marginalis  of,  511. 

in  female  pelvis,  575. 

intrapelvic  segment  of,  574- 

passage  of  bougie  along,  580. 

pelvis  of,  511. 

peritoneal  ridge  caused  by,  514. 

traction  upon,  by  prolapsed  uterus,  577- 

vaginal  palpation  of,  579. 
..       wounds  of,  596. 
Ureterectomy,  509. 
Urethra  (male),  560. 

curvatures  of,  521,  561. 

development  of,  565. 

effects  of  enlarged  prostate  upon,  551. 

extension   of   infective    processes    along, 

563. 

fossa  navicularis  of,  562. 
injuries  of,  563. 
intrapelvic  stage  of,  561. 
laceration  of,  in  fractures  of  pelvis,  568. 

in  lithotomy,  560. 

membranous  or  muscular  stage  of,  561. 
penile  stage  of,  561. 
prostatic  stage  of,  561. 
spongy  stage  of,  562. 
stricture  of,  563. 
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Urethra,  variations  in  calibre  of,  562. 

Urethritis,  562. 

Urinary  fistula,  563,  609. 

Urine,  extravasation  of,  418,  544,  558,    563, 

568. 
Urogenital  sinus,  565. 

triangle  of  perineum,  555. 
contents  of,  556. 
deep  compartment  of,  557. 
strata  encountered  in,  557. 
superficial  compartment  of,  556. 
Utero-sacral  folds,  514,  571. 
Uterine  blood-vessels,  573. 

cancer,  577. 

dissemination  of,  578. 

myomata,  578. 

veins,  thrombosis  of,  577. 
Uterus,  569. 

arbor  vitae  of,  571. 

bimanual  examination  of,  579. 

blood-vessels  of,  573. 

broad  ligaments  of,  569. 

cancer  of,  577. 

cervix  of,  571. 

external  os  of,  569. 

inflammation  of,  577. 

interior  of,  571. 

isthmus  of  569. 

lymphatics  of,  573. 

manner  in  which  it  is  retained  in  position, 

575- 

nerves  or,  573- 
normal  position  of,  571. 
deviations  from,  575. 
operations  on,  579. 
peritoneal  relations  of,  569. 
prolapse  of,  5?6. 
relations  of,  571. 
round  ligaments  of,  583,  587. 
subdivisions  of,  569. 
versions  and  flexions  of,  576. 
Uveal  tract,  128. 
Uveitis,  130. 
Uvula,  170. 

vesicae  of  bladder,  543. 

relation  of,  to  middle  lobe  of  prostate, 
545- 

VAGINA,  573. 

dilatability  of,  578. 

discharge   of    parametritic    abscess    into, 

577- 

fornices  of,  573. 

mucous  membrane  of,  573. 

pelvic  drainage  through,  579. 

relation  of,  to  Douglas'  pouch,  579. 

relations  of,  573. 

rugae  of,  573. 

sphincter  of,  574. 
Vaginal  cystocele,  546. 

cystotomy,  548. 

examination,  579. 

fistulae,  578. 

process  of  peritoneum,  405. 
Vallecula  of  tongue,  204. 
Valve,  ileo-caecal,  479. 
Valves  of  the  heart,  368. 
Houston,  520. 


Valves,  rectal,  520. 
Valvulae  conniventes,  477. 
Varicocele,  425 

operative  treatment  of,  426. 
Varicose  aneurysm,  285,  616. 

veins  of  leg,  666. 
Vasa  brevia  of  splenic  artery,  436. 

efferentia  testis,  417. 
Vas  aberrans  of  Haller,  423. 
Vas  deferens,  418. 

ampulla  of,  541,  542. 

artery  of,  423. 

palpation  of,  425. 

peritoneal  ridge  caused  by,  514. 
Vater,  ampulla  of,  456,  459. 
Veins,  air  in,  221,  252,  361. 

emissary,  of  diploe,  16,  17. 

of  neck,  wounds  of,  221. 
Velum  interpositum,  26. 
Vena  cava  inferior,  447. 
superior,  376. 

porta,  447,  454. 
Venae  vorticosae,  128,  140. 
Venesection,  285. 
Venous  sinuses  of  dura  mater,  31. 

tumours  of  skull,  31. 
Ventral  hernia,  392. 
Venire  a  triple  sat/tie,  381. 
Ventricles,  lateral,  of  brain,  44. 

of  heart,  366,  368. 

of  larynx,  200. 
Vermiform  appendix,  480. 
blood-vessels  of,  480. 
changes  in,  with  appendicitis,  485. 
foreign  bodies  in,  485. 
mesentery  of,  480. 
pathological  adhesions  of,  484. 
senile  changes  in,  484. 
structure  of,  480. 
valve  of,  480. 

variations  in  position  of,  484. 
Vertebra  prominens,  184. 
Vertebrae,  caries  of,  351,  498. 
Verumontanum,  561. 
Vesicle,  optic,  132,  133. 

seminal,  554. 

umbilical,  398. 

Vesico-prostatic  venous  plexus,  548,  553. 
Vesico-vaginal  fistula,  578. 
Vesiculitis,  554. 

mouth,  158. 

Vestibule  of  larynx,  200. 
Vibrissae,  145. 
Villi,  arachnoidal,  II,  25. 

chorionic,  397. 

intestinal,  476. 
Visceroptosis,  452. 
Vitello-intestinal  duel,  397. 
persistence  of,  401. 
Vitreous,  138. 

development  of,  133. 

fossa  patellaris  of,  1 37. 

functions  and  diseases  of,  139. 

hyaloid  canal  of,  133,  138. 
Vocal  cords,  200. 

in  laryngoscopy,  204. 
Volvulus,  496. 
Vomer,  145. 
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WHARTON'S  duct,  168,  194. 
Whartonian  jelly,  398. 
Whitlow,  317. 
White  line  at  anus,  524. 

of  neck,  199. 

Wilde's  mastoid  incision,  65. 
Willis,  circle  of,  33,  218. 
Winslow,  foramen  of,  431,  433,  447,  489. 

ligament  of,  650. 
Wirsung,  duct  of,  465. 
Wormian  bones,  22. 
Wrist  and  hand,  306. 

topography  and  superficial  anatomy  of, 

306. 
Wrist,  306. 

amputation  at,  323. 

annular  ligaments  of,  312,  315. 

deep  wounds  of,  308. 

dorsal  aspect  of,  310. 

excision  of,  322. 

ganglion  at,  319. 

synovial  sheaths  of,  313. 

tendons  in  front  of,  308. 

transverse  furrows  in  front  of,  306. 

vertical  section  through,  321. 
Wrist-drop,  332. 


Wrist-joint,  320. 

amputation  through,  323. 
parts  divided  in,  324. 

dislocations  at,  326. 

ligaments  of,  320. 

movements  at,  321. 

synovial  cavities  of,  320. 
Wry  neck,  215. 

XIPHOID  cartilage,  336,  342. 
bifid  condition  of,  343. 

Y-LIGAMENT,  62O. 

r61e  of,  in  dislocations  of  hip,  626. 
Y-shaped  cartilage,  620. 
Yolk  sac,  397. 

ZINN,  zonula  of,  138. 
Zona  ophthalmica,  126. 

orbicularis  of  eyeball,  128. 
of  capsule  of  hip-joint,  621. 

pellucida,  396. 
Zones  of  abdomen,  385. 
Zonula  of  Zinn,  138. 
Zonular  band,  621. 
Zygoma,  I,  41,  70,  79. 
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